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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

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

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

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

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
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hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
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intellectual property rights.
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PIC16F913/914/916/917/946

TABLE 6: PIC16F946 64-PIN (TQFP) SUMMARY
I[e} Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO | 27 ANO SEG12 C1- — — — — — — —
RA1 | 28 AN1 SEG7 C2- — — — — — — —
RA2 | 29 | AN2/VRer- | COM2 C2+ — — — — — — —
RA3 | 30 | AN3/VRer+ | SEG15 C1+ — — — — — — —
RA4 | 31 — SEG4 Cc10UT TOCKI — — — = — —
RA5 | 32 AN4 — C20UT — — — ss — — —
RA6 | 40 SEG5 — — T10S0O — — — — — OSC2/CLKOUT
RA7 | 39 — — — T108I — — — — — OSC1/CLKIN
RBO | 15 — SEGO — — — — — INT Y -
RB1 16 — SEG1 — — — — — — Y —
RB2 | 17 — SEG2 — — — — = — Y —
RB3 | 18 — SEG3 — — — — — — Y —
RB4 | 21 — COMO — — — — — 10C Y —
RB5 | 22 — CcoM1 — — — — — 10C Y —
RB6 | 23 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 24 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO | 49 — VLCD1 — — — — = — — —
RC1 | 50 — VLCD2 — — — — — — — —
RC2 | 51 — VLCD3 — — — — = — — —
RC3 | 52 — SEG6 — — — — — — — —
RC4 | 59 — SEG11 — T1G — — SDO = — —
RC5 | 60 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 61 — SEG9 — — — TX/ICK SCK/SCL — — —
RC7 | 62 — SEG8 — — — RX/DT SDI/SDA — — —
RDO | 53 — COM3 — — — — = — — —
RD1 | 54 — — — — — — — —_ — —
RD2 | 55 — — — — CCP2 — — = - —
RD3 | 58 — SEG16 — — — — — — — —
RD4 | 63 — SEG17 — — — — = — — —
RD5 | 64 — SEG18 — — — — — — — —
RD6 1 — SEG19 — — — — = — — —
RD7 2 — SEG20 — — — — — — — —
REO | 33 AN5 SEG21 — — — — = — — —
RE1 34 AN6 SEG22 — — — — — — — —
RE2 | 35 AN7 SEG23 — — — — = — — —
RE3 | 36 — — — — — — — — Y MCLR/VPP
RE4 | 37 — SEG24 — — — — = — — —
RE5 | 42 — SEG25 — — — — — — — —
RE6 | 43 — SEG26 — — — — = — — —
RE7 | 44 — SEG27 — — — — — — — —
RFO 1 — SEG32 — — — — = — — —
RF1 12 — SEG33 — — — — — — — —
RF2 | 13 — SEG34 — — — — = — — —
Note 1:  Pull-up enabled only with external MCLR configuration.
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NOTES:
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PIC16F913/914/916/917/946

FIGURE 1-3: PIC16F946 BLOCK DIAGRAM
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PIC16F913/914/916/917/946

3.0 1/OPORTS

The PIC16F913/914/916/917/946 family of devices
includes several 8-bit PORT registers along with their
corresponding TRIS registers and one four bit port:

* PORTA and TRISA

« PORTB and TRISB

*« PORTC and TRISC

« PORTD and TRISD(")

* PORTE and TRISE

+ PORTF and TRISF(2)

+ PORTG and TRISG(?

Note 1: PIC16F914/917 and PIC16F946 only.
2: PIC16F946 only

PORTA, PORTB, PORTC and RE3/MCLR/VPP are
implemented on all devices. PORTD and RE<2:0>
(PORTE) are implemented only on the PIC16F914/917
and PIC16F946. RE<7:4> (PORTE), PORTF and
PORTG are implemented only on the PIC16F946.

REGISTER 3-1:

3.1 ANSEL Register

The ANSEL register (Register 3-1) is used to configure
the Input mode of an I/O pin to analog. Setting the
appropriate ANSEL bit high will cause all digital reads
on the pin to be read as ‘0’ and allow analog functions
on the pin to operate correctly.

The state of the ANSEL bits has no affect on digital out-
put functions. A pin with TRIS clear and ANSEL set will
still operate as a digital output, but the Input mode will
be analog. This can cause unexpected behavior when
executing read-modify-write instructions on the
affected port.

ANSEL: ANALOG SELECT 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
ANS7(2) ANS6(2) ANS5(2) ANS4 ANS3 ANS2 ANS1 ANSO
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 7-0 ANS<7:0>: Analog Select bits

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

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

external control of the voltage on the pin.
2: PIC16F914/PIC16F917/PIC16F946 only.

© 2007 Microchip Technology Inc.

DS41250F-page 43



PIC16F913/914/916/917/946

3.21.4 RA3/AN3/C1+/VREF+/COM3/SEG15

Figure 3-4 shows the diagram for this pin. The RA3 pin
is configurable to function as one of the following:

* ageneral purpose input

* an analog input for the ADC

* an analog input from Comparator C1

» avoltage reference input for the ADC

 analog outputs for the LCD

FIGURE 3-4: BLOCK DIAGRAM OF RA3
Data Bus D Q {//
WR PORTA VDD

—1 CK~_Q

Data Latch % 4{Z|

D Q

I/0 Pin

WR TRISA Vss

CK™_Q
TRIS Latch

Analog Input or
LCDMODE_EN(2

|

TTL
2
RDTRISA | | CDMODE_EN®) Input Buffer
RD PORTA
) LCDMODE_EN®@. _ _.
com3M or SEG15 o

To A/D Converter and Comparator

A

To A/D Module VREF+ Input

Note 1: PIC16F913/916 only.

2: For the PIC16F913/916, the LCDMODE_EN = LCDEN and (SE15 or LMUX<1:0> = 11).
For the PIC16F914/917 and PIC16F946, the LCDMODE_EN = LCDEN and SE15.
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REGISTER 3-7: WPUB: WEAK PULL-UP 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
WPUB7 WPUBG6 WPUBS WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
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 7-0 WPUB<7:0>: Weak Pull-up Register bits

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

Note 1: Global RBPU 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 (TRISx<7:0> = 0).

© 2007 Microchip Technology Inc. DS41250F-page 55
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3.5.1.8 RC7/RX/DT/SDI/SDA/SEG8

Figure 3-21 shows the diagram for this pin. The RC7
pin is configurable to function as one of the following:
» ageneral purpose |/O

» an asynchronous serial input

» asynchronous serial data I/O

* a SPI data input

« an IC data I/0O

« an analog output for the LCD

FIGURE 3-21: BLOCK DIAGRAM OF RC7

USART/I2C™ Mode Select(V

DT Data Out

[2C™ Data Out

PORT/(USART or 12C™) Select

VDD

- -

1 =
1/0 Pin
Data Bus D Q Vs
WR PORTC cKQ
Data Latch
o— D Q
WR TRISC cKQ
TRIS Latch
1>—o<li SES8 and LCDEN
Schmitt
IZCTM Drive RD TRISC Trigger \J
or SCEN Drive
RD PORTC T}
RX/SDI Input
SE8 and LCDEN - - - -
SEG8 o/l/o

Note 1: If all three data output sources are enabled, the following priority order will be used:
* USART data (highest)
* SSP data
* PORT data (lowest)
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TABLE 3-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;:eB‘a“R ;flt‘fé’e"s::g
CCP1CON — = CCP1X CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO --00 0000 --00 0000
LCDCON LCDEN SLPEN WERR VLCDEN CS1 CSo0 LMUX1 LMUXO0 0001 0011 0001 0011
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 0000 0000 uuuu uuuu
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 uuuu uuuu
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXK KXXX uuuu uuuu
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 0000 000x
SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000 0000 0000
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TTIOSCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000 uuuu uuuu
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
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3.9 PORTG and TRISG Registers EXAMPLE 3-7: INITIALIZING PORTG
PORTG is an 8-bit port with Schmitt Trigger input BANKSEL PORTG -
. L ) . CLRF PORTG ;Init PORTG
buffers. RG<5:0> are individually configured as mputs BANKSEL TRISG ;
or outputs, depending on the state of the port direction. MOVLW  3Fh ;Set RG<5:0> as inputs
The port bits are also multiplexed with LCD segment MOVWF  TRISG .
functions. PORTG is available on the PIC16F946 only.
REGISTER 3-16: PORTG: PORTG REGISTER("
uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — RG5 RG4 | RG3 RG2 RG1 RGO
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 RG<5:0>: PORTG I/O Pin bits
1 = Port pin is >VIH min.
0 = Port pin is <VIL max.
Note 1: PIC16F946 only.

REGISTER 3-17:

TRISG: PORTG TRI-STATE REGISTER("

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

— — TRISG5 TRISG4 TRISG3 TRISG2 TRISG1 TRISGO
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 TRISF<5:0>: PORTG Tri-State Control bits
1 = PORTG pin configured as an input (tri-stated)
0 = PORTG pin configured as an output

Note 1: PIC16F946 only.

DS41250F-page 84 © 2007 Microchip Technology Inc.



PIC16F913/914/916/917/946

8.8 Comparator C2 Gating Timer1

This feature can be used to time the duration or interval
of analog events. Clearing the T1GSS bit of the
CMCON1 register will enable Timer1 to increment
based on the output of Comparator C2. This requires
that Timer1 is on and gating is enabled. See
Section 6.0 “Timer1 Module with Gate Control” for
details.

It is recommended to synchronize Comparator C2 with
Timer1 by setting the C2SYNC bit when the comparator
is used as the Timer1 gate source. This ensures Timer1
does not miss an increment if the comparator changes
during an increment.

8.9 Synchronizing Comparator C2
Output to Timer1

The output of Comparator C2 can be synchronized with
Timer1 by setting the C2SYNC bit of the CMCON1
register. When enabled, the comparator output is
latched on the falling edge of the Timer1 clock source.
If a prescaler is used with Timer1, the comparator
output is latched after the prescaling function. To
prevent a race condition, the comparator output is
latched on the falling edge of the Timer1 clock source
and Timer1 increments on the rising edge of its clock
source. Reference the comparator block diagrams
(Figure 8-2 and Figure 8-3) and the Timer1 Block
Diagram (Figure 6-1) for more information.

REGISTER 8-2: CMCON1: COMPARATOR CONFIGURATION REGISTER
u-0 U-0 U-0 U-0 U-0 u-0 R/W-1 R/W-0
— — — — — — T1GSS C2SYNC
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 7-2 Unimplemented: Read as ‘0’
bit 1 T1GSS: Timer1 Gate Source Select bit(

1 = Timer1 gate source is T1G pin (pin should be configured as digital input)
0 = Timer1 gate source is Comparator C2 output

bit 0 C2SYNC: Comparator C2 Output Synchronization bit(2)
1 = Output is synchronized with falling edge of Timer1 clock

0 = Output is asynchronous

Note 1: Referto Section 6.6 “Timer1 Gate”.
2: Refer to Figure 8-3.

© 2007 Microchip Technology Inc.

DS41250F-page 117



PIC16F913/914/916/917/946

TABLE 9-2: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN CS1 CSO0 LMUX1 | LMUXO | 0001 0011 | 0001 0011l
LCDSE1 SE15 SE14 SE13 SE12 SEMN SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCREG AUSART Receive Data Register 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000x | 0000 000x
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO | 0000 0000 | 0000 0000
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010

Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Reception.
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NOTES:
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16.3 Interrupts

The PIC16F91X/946 has multiple sources of interrupt:

» External Interrupt RBO/INT/SEGO

* TMRO Overflow Interrupt

* PORTB Change Interrupts

« 2 Comparator Interrupts

* A/D Interrupt

» Timer1 Overflow Interrupt

 EEPROM Data Write Interrupt

» Fail-Safe Clock Monitor Interrupt

* LCD Interrupt

* PLVD Interrupt

» USART Receive and Transmit interrupts

* CCP1 and CCP2 Interrupts

* Timer2 Interrupt

The Interrupt Control (INTCON), Peripheral Interrupt
Request 1 (PIR1) and Peripheral Interrupt Request 2
(PIR2) registers record individual interrupt requests in

flag bits. The INTCON register also has individual and
global interrupt enable bits.

A Global Interrupt Enable bit, GIE of the INTCON
register, enables (if set) all unmasked interrupts, or
disables (if cleared) all interrupts. Individual interrupts
can be disabled through their corresponding enable
bits in the INTCON, PIE1 and PIE2 registers. GIE is
cleared on Reset.

The Return from Interrupt instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables unmasked interrupts.

The following interrupt flags are contained in the
INTCON register:

* INT Pin Interrupt

* PORTB Change Interrupt

* TMRO Overflow Interrupt

The peripheral interrupt flags are contained in the special
registers, PIR1 and PIR2. The corresponding interrupt

enable bit are contained in the special registers, PIE1
and PIE2.

The following interrupt flags are contained in the PIR1
register:

 EEPROM Data Write Interrupt

* A/D Interrupt

* USART Receive and Transmit Interrupts

« Timer1 Overflow Interrupt

* CCP1 Interrupt

* SSP Interrupt

* Timer2 Interrupt

The following interrupt flags are contained in the PIR2
register:

 Fail-Safe Clock Monitor Interrupt
* Comparator 1 and 2 Interrupts

* LCD Interrupt

* PLVD Interrupt

* CCP2 Interrupt

When an interrupt is serviced:

» The GIE is cleared to disable any further interrupt.
» The return address is pushed onto the stack.
* The PC is loaded with 0004h.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends upon when the interrupt event occurs (see
Figure 16-8). The latency is the same for one or
two-cycle instructions. Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt flag
bit(s) must be cleared in software before re-enabling
interrupts to avoid multiple interrupt requests.

Note 1: Individual interrupt flag bits are set,
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The interrupts, which were
ignored, are still pending to be serviced
when the GIE bit is set again.

For additional information on how a module generates
an interrupt, refer to the respective peripheral section.

Note: The ANSEL and CMCONO registers must
be initialized to configure an analog chan-
nel as a digital input. Pins configured as
analog inputs will read ‘0’. Also, if a LCD
output function is active on an external
interrupt pin, that interrupt function will be
disabled.
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16.4 Watchdog Timer (WDT)

For PIC16F91X/946, the WDT has been modified from
previous PIC16F devices. The new WDT is code and
functionally compatible with previous PIC16F WDT
modules and adds a 16-bit prescaler to the WDT. This
allows the user to have a scaled value for the WDT and
TMRO at the same time. In addition, the WDT time-out
value can be extended to 268 seconds. WDT is cleared
under certain conditions described in Table 16-7.

16.4.1 WDT OSCILLATOR

The WDT derives its time base from the 31 kHz
LFINTOSC. The LTS bit does not reflect that the
LFINTOSC is enabled.

The value of WDTCONis *---0 1000’ on all Resets.
This gives a nominal time base of 16 ms, which is
compatible with the time base generated with previous
PIC16F microcontroller versions.

Note:  When the Oscillator Start-up Timer (OST)
is invoked, the WDT is held in Reset,
because the WDT Ripple Counter is used
by the OST to perform the oscillator delay
count. When the OST count has expired,
the WDT will begin counting (if enabled).

A new prescaler has been added to the path between
the INTOSC and the multiplexers used to select the
path for the WDT. This prescaler is 16 bits and can be
programmed to divide the INTOSC by 32 to 65536,
giving the WDT a nominal range of 1 ms to 268s.

16.4.2 WDT CONTROL

The WDTE bit is located in the Configuration Word
register. When set, the WDT runs continuously.

When the WDTE bit in the Configuration Word register
is set, the SWDTEN bit of the WDTCON register has no
effect. If WDTE is clear, then the SWDTEN bit can be
used to enable and disable the WDT. Setting the bit will
enable it and clearing the bit will disable it.

The PSA and PS<2:0> bits of the OPTION register
have the same function as in previous versions of the
PIC16F family of microcontrollers. See Section 5.0
“Timer0 Module” for more information.

Note 1: This is the shared TimerO/WDT prescaler. See Section 5.4 “Prescaler” for more information.

FIGURE 16-9: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source _0>
Prescaler(!)
— 16-bit WDT Prescaler ——
PSA
N /— ps<20>
31 kHz WDTPS<3:0>
LFINTOSC Clock : ¢—— P ToTMRO
- -
PSA
WDTE from Configuration Word register ¢
SWDTEN from WDTCON
WDT Time-out

TABLE 16-7: WDT STATUS

Conditions

WDT

WDTE =0

CLRWDT Command

Cleared

Oscillator Fail Detected

Exit Sleep + System Clock = T10SC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

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

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

FIGURE 16-10: WAKE-UP FROM SLEEP THROUGH INTERRUPT

'Q1]Q2| Q3| Q4. Q1/Q2|Q3| Q4. Q1| ‘Q1lQ2l @3l a4 @1l Q2| Q3lQ4) Q1] @2l Q3| Q4: Q11 Q2| Q3| Q4.

osc1™M M\ /AN SN Tl \/\\\\\\\A N NA A AT

'
S E—_

cLkouT¥ I . . TosT® | / X / \ / N e
INT pin [ ' ' ( ! ! | ' ' |
INTF flag : ' i ' ' ' [ i
(INTCON reg.) /1 Interrupt Latency®)
GIE bit 1Processor in

(INTCON reg.). X

" Sleep_! : : :
Instruction Flow X : X X X
PC X PC Y Pc+1 X PC+2 X PC+2 X PC+2 X ___000&4h ¥ 0005h

Pegftcrﬁggon ! Inst(PC) = Sleep!  Inst(PC +1) ! ' Inst(PC+2) ! ' Inst(0004h) ' Inst(0005h)
E‘ngé‘u‘itei%” « Inst(PC-1) + Sleep . ¢ Ins(PC+1) . Dummy Cycle . Dummy Cycle:  |nst(0004h)
Note XT, HS or LP Oscillator mode assumed.

1
2 TosT = 1024 Tosc (drawing not to scale). This delay does not apply to EC and RC Oscillator modes.
3:  GIE = 1 assumed. In this case after wake-up, the processor jumps to 0004h. If GIE = 0, execution will continue in-line.
4 CLKOUT is not available in XT, HS, LP or EC Oscillator modes, but shown here for timing reference.
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FIGURE 19-8: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
I | |
I S
TOCKI | | | |
| 40 ~! | 41 | |
|
| |
|‘ 42 g
|
! i | |
I S
T1CKI | T /| |
| 45 o 46 ~ | I
| | |
| 47 : 49 |
|
TMRO or |
TMR1 >|<

TABLE 19-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Operating Temperature -40°C < TA<+125°C
P:r:m Symbol 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 0.5Tey + 20 — — ns
With Prescaler 10 — — ns
42* TTOP TOCKI Period Greater of: — — ns |N = prescale value
20 or Jcy + 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* TT1L T1CKI Low |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
47* TT1P T1CKI Input | Synchronous Greater of: — — ns |N = prescale value
Period 30 or Tcy + 40 (1,2,4,8)
N
Asynchronous 60 — — ns
48 FT1 Timer1 Oscillator Input Frequency Range — 32.768 — kHz
(oscillator enabled by setting bit TTOSCEN)
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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TABLE 19-8: PIC16F913/914/916/917/946 A/D CONVERTER (ADC) CHARACTERISTICS

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

Param

No Sym. Characteristic Min. Typt Max. |Units Conditions
ADO1 |NR Resolution — — 10 bits bit
AD02 |ELL Integral Error — — 1 LSb |VREF =5.12V
ADO03 |EpL |Differential Error — — +1 LSb |No missing codes to 10 bits
VREF = 5.12V
ADO04 |EoOFF |Offset Error — — +1 LSb |VREF =5.12V
ADO7 |EGN |Gain Error — — +1 LSb |VREF =5.12V
ADO06 |VREF |Reference Voltagem 2.2 — VDD \%
ADO6A 2.7 VDD Absolute minimum to ensure 1 LSb
accuracy
ADO7 |VAIN |Full-Scale Range Vss — VREF \%
ADO8 |ZAIN |Recommended — — 10 kQ
Impedance of Analog
Voltage Source
AD09* |IREF |VREF Input Current(" 10 — 1000 WA |[During VAIN acquisition.
Based on differential of VHOLD to VAIN.
— — 50 UA [During A/D conversion cycle.

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: ADC VREF is from external VREF or VDD pin, whichever is selected as reference input.
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FIGURE 20-16: BOR IpD vs. VDD OVER TEMPERATURE
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FIGURE 20-17: TYPICAL WDT IpD vs. VDD (25°C)
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FIGURE 20-24: T10SC IpD vs. VDD OVER TEMPERATURE (32 kHz)
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FIGURE 20-25: VoL vs. loL OVER TEMPERATURE (VDD = 3.0V)
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