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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"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.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC18F97J94 FAMILY
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Fo
co
ecial Microcontroller Features

perating Voltage Range of 2.0V to 3.6V
wo On-Chip Voltage Regulators (1.8V and 1.2V) for 
egular and Extreme Low-Power Operation
0,000 Erase/Write Cycle Endurance Flash Program 
emory, Typical
lash Data Retention: 10 Years Minimum
elf-Programmable under Software Control
wo Configurable Reference Clock Outputs 
REFO1 and REFO2)
n-Circuit Serial Programming™ (ICSP™)
ail-Safe Clock Monitor Operation:
Detects clock failure and switches to on-chip, 
low-power RC oscillator 

• Power-on Reset (POR), Power-up Timer (PWRT) 
and Oscillator Start-up Timer (OST)

• Brown-out Reset (BOR) with Operation Below VBOR, 
with Regulator Enabled

• High/Low-Voltage Detect (HLVD)
• Flexible Watchdog Timer (WDT) with its Own 

RC Oscillator for Reliable Operation 
• Standard and Ultra Low-Power Watchdog Timers 

(WDT) for Reliable Operation in Standard and Deep 
Sleep modes

BLE 1: PIC18F97J94 FAMILY TYPES
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C18F97J94 100 128K 4K 4 4 2 3 Y 2 24 Y 480 Y Y Lite

C18F87J94 80 128K 4K 4 4 2 3 Y 2 24 Y 352 Y Y Lite

C18F67J94 64 128K 4K 4 4 2 3 Y 2 16 Y 224 Y Y Lite

C18F96J94 100 64K 4K 4 4 2 3 Y 2 24 Y 480 Y Y Lite

C18F86J94 80 64K 4K 4 4 2 3 Y 2 24 Y 352 Y Y Lite

C18F66J94 64 64K 4K 4 4 2 3 Y 2 16 Y 224 Y Y Lite

C18F95J94 100 32K 4K 4 4 2 3 Y 2 24 Y 480 Y Y Lite

C18F85J94 80 32K 4K 4 4 2 3 Y 2 24 Y 352 Y Y Lite

C18F65J94 64 32K 4K 4 4 2 3 Y 2 16 Y 224 Y Y Lite

r other small form-factor package availability and marking information, visit http://www.microchip.com/packaging or
ntact your local sales office.
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PIC18F97J94 FAMILY
REGISTER 4-3: DSWAKEL: DEEP SLEEP WAKE-UP SOURCE REGISTER LOW(1)

REGISTER 4-4: DSWAKEH: DEEP SLEEP WAKE-UP SOURCE REGISTER HIGH

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

DSFLT BOR EXT DSWDT DSRTC MCLR ICD DSPOR

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 DSFLT: Deep Sleep Fault Detect bit

1 = A Deep Sleep Fault was detected during Deep Sleep
0 = A Deep Sleep Fault was not detected during Deep Sleep

bit 6 BOR: BOR Deep-Sleep Wake-up Source Enable bit

1 = DSBOR event will wake device from Deep Sleep
0 = DSBOR event will not wake device from Deep Sleep

bit 5 EXT: External Interrupt Wake-up Source Enable bit

1 = External interrupt will wake device from Deep Sleep
0 = External interrupt will not wake device from Deep Sleep

bit 4 DSWDT: DSWDT Deep-Sleep Wake-up Source Enable bit

1 = DSWDT roll-over event will wake device from Deep Sleep
0 = DSWDT roll-over event will not wake device from Deep Sleep

bit 3 DSRTC: Real-Time Clock and Calendar Alarm bit

1 = The Real-Time Clock/Calendar triggered an alarm during Deep Sleep
0 = The Real-Time Clock /Calendar did not trigger an alarm during Deep Sleep

bit 2 MCLR: MCLR Deep-Sleep Wake-up Source Enable bit

1 = The MCLR Reset will wake device from Deep Sleep
0 = The MCLR Reset will not wake device from Deep Sleep

bit 1 ICD: In-Circuit Debugger Deep-Sleep Wake-up Source Enable bit

1 = In-Circuit Debugger will wake device from Deep Sleep
0 = In-Circuit Debugger will not wake device from Deep Sleep

bit 0 DSPOR: Power-on Reset Event bit

1 = The VDD supply POR circuit was active and a POR event was detected
0 = The VDD supply POR circuit was not active, or was active but did not detect a POR event

Note 1: To be set in software, all bits in DSWAKE must be written to twice. The write operations do not need to be 
consecutive.

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

— — — — — — — INT0

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 7-1 Unimplemented: Read as ‘0’

bit 0  INT0: Deep Sleep Wake-up Source Enable bit

1 = INT0 interrupt will wake device from Deep Sleep
0 = INT0 interrupt will not wake device from Deep Sleep
DS30000575C-page 82 �⁄  2012-2016 Microchip Technology Inc.



PIC18F97J94 FAMILY
FIGURE 6-6: DATA MEMORY MAP FOR PIC18F97J94 FAMILY DEVICES 
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When a = 0: 

The BSR is ignored and the
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The first 96 bytes are general
purpose RAM (from Bank 0). 

The second 160 bytes are
Special Function Registers
(from Bank 15).
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Note 1: Addresses, DFAh through F5Fh, are also SFRs, but are not part of the Access RAM. Users must always use
the complete address, or load the proper BSR value, to access these registers.
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PIC18F97J94 FAMILY
11.0 I/O PORTS

Depending on the device selected and features
enabled, there are up to eleven ports available. Some
pins of the I/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose I/O pin.

Each port has three memory mapped registers for its
operation:

• TRIS register (Data Direction register)

• PORT register (reads the levels on the pins of the 
device)

• LAT register (Output Latch register)

Reading the PORT register reads the current status of
the pins, whereas writing to the PORT register, writes
to the Output Latch (LAT) register. 

Setting a TRIS bit (= 1) makes the corresponding
PORT pin an input (putting the corresponding output
driver in a High-Impedance mode). Clearing a TRIS bit
(= 0) makes the corresponding port pin an output (i.e.,
driving the contents of the corresponding LAT bit on the
selected pin). 

The Output Latch (LAT register) is useful for read-
modify-write operations on the value that the I/O pins
are driving. Read-modify-write operations on the LAT
register read and write the latched output value for the
PORT register.

A simplified model of a generic I/O port, without the
interfaces to other peripherals, is shown in Figure 11-1.

FIGURE 11-1: GENERIC I/O PORT 
OPERATION   

11.1 I/O Port Pin Capabilities

When developing an application, the capabilities of the
port pins must be considered.

The Absolute Maximum Ratings of the I/O pins are as
follows:

• RA2, RA3 = -300mV to (VDD + 300 mV)
• RA6, RA7, RC0, RC1 = -300 mV to (VDD 

+300 mV)(1)

• RF3/RF4 (the USB D+/D- pins) = supports “USB 
specific levels” (e.g.: -1.0V to +4.6V, but only 
when the external source impedance is >/= 28 
ohms, and the VUSB3V3 pin voltage is >/= 3.0V, 
otherwise: -500 mV to (VUSB3V3 +500 mV)

• All other general purpose I/O pins (including 
MCLR), when VDD is < 2.0V: -300 mV to +4.0V.

• All other general purpose I/O pins (including 
MCLR), when VDD is >= 2.0V: -300 mV to 
+6.0V(2).

Data
Bus

WR LAT

WR TRIS

RD PORT

Data Latch

TRIS Latch

RD TRIS

Input
Buffer

I/O Pin

QD

CKx

QD

CKx

Q D

EN

RD LAT

or PORT

Note 1: When the pins are used to drive a
crystal or ceramic resonator, natural
oscillation waveforms slightly exceeding
the -300 mV to (VDD +300 mV) range
may sometimes occur, and if present,
such waveforms are allowed. If these
pins are instead used as general
purpose inputs, the external driving
source should adhere to the -300 mV to
(VDD +300 mV) specification.

2: In addition to the above absolute
maximums, any I/O pin voltage that is
actively selected at runtime by the ADC
channel select MUX must also meet the
VAIN requirements (parameter A25 in
Table 30-40).
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PIC18F97J94 FAMILY
11.2 PORTA, LATA and TRISA 
Registers

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction and Output Latch registers are
TRISA and LATA.

All PORTA pins have Schmitt Trigger input levels and
full CMOS output drivers.

RA<5:0> are multiplexed with analog inputs for the A/D
Converter.

The operation of the analog inputs as A/D Converter
inputs is selected by clearing or setting the ANSELx
control bits in the ANCON1 register. The corresponding
TRISA bits control the direction of these pins, even
when they are being used as analog inputs. The user
must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

OSC2/CLKO/RA6 and OSC1/CLKI/RA7 normally
serve as the external circuit connections for the Exter-
nal (Primary) Oscillator circuit (HS Oscillator modes),
or the external clock input and output (EC Oscillator
modes). In these cases, RA6 and RA7 are not available
as digital I/O, and their corresponding TRIS and LAT
bits are read as ‘0’. When the device is configured to
use either the FRC or LPRC Internal Oscillators as the
default oscillator mode, RA6 and RA7 are automatically
configured as digital I/O; the oscillator and clock in/
clock out functions are disabled.

EXAMPLE 11-1: INITIALIZING PORTA    

Note:  RA<5:0> are configured as analog inputs
on any Reset and are read as ‘0’.

CLRF PORTA ;  Initialize PORTA by
; clearing output latches

CLRF LATA ; Alternate method to
; clear output data latches

BANKSEL ANCON1 ; Select bank with ANCON1 register
MOVLW 00h ; Configure A/D
MOVWF ANCON1 ; for digital inputs
BANKSEL TRISA ; Select bank with TRISA register
MOVLW 0BFh ; Value used to initialize

; data direction
MOVWF TRISA ; Set RA<7, 5:0> as inputs,

; RA<6> as output

TABLE 11-1: PORTA FUNCTIONS

Pin Name Function
TRIS 

Setting
I/O

I/O 
Type

Description

RA0/AN0/AN1-/RP0/
SEG19

RA0 0 O DIG LATA<0> data output; not affected by analog input.

1 I ST PORTA<0> data input; disabled when analog input is enabled.

AN0 1 I ANA A/D Input Channel 0. Default input configuration on POR; does not 
affect digital output.

AN1- 1 I ANA Quasi-differential A/D negative input channel.

RP0 x x DIG Reconfigurable Pin 0 for PPS-Lite; TRIS must be set to match 
input/output of the module.

SEG19 0 O ANA LCD Segment 19 output; disables all other pin functions.

RA1/AN1/RP1/SEG18 RA1 0 O DIG LATA<1> data output; not affected by analog input.

1 I ST PORTA<1> data input; disabled when analog input is enabled.

AN1 1 I ANA A/D Input Channel 1. Default input configuration on POR; does not 
affect digital output.

RP1 x x DIG Reconfigurable Pin 1 for PPS-Lite; TRIS must be set to match 
input/output of module.

SEG18 0 O ANA LCD Segment 18 output; disables all other pin functions.

RA2/AN2/VREF-/RP2/
SEG21

RA2 0 O DIG LATA<2> data output; not affected by analog input.

1 I ST PORTA<2> data input; disabled when analog input enabled.

AN2 1 I ANA A/D Input Channel 2. Default input configuration on POR; does not 
affect digital output.

VREF- 1 I ANA A/D and Comparator Low Reference Voltage input.

RP2 x x DIG Reconfigurable Pin 2 for PPS-Lite; TRIS must be set to match 
input/output of module.

SEG21 0 O ANA LCD Segment 21 output; disables all other pin functions.

Legend: O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input, 
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
DS30000575C-page 202 �⁄  2012-2016 Microchip Technology Inc.



PIC18F97J94 FAMILY
TABLE 11-14: PPS-LITE OUTPUT
PPS-Lite Output Peripheral Group 4n PPS-Lite Output Peripheral Group 4n + 1

(1) To Map this RPn Pin (4) to the Associated RPOR Register (1) To Map this RPn Pin (4) to the Associated RPOR Register

RP0 RPOR0_1<3:0> RP1 RPOR0_1<7:4>

RP4 RPOR4_5<3:0> RP5 RPOR4_5<7:4>

RP8 RPOR8_9<3:0> RP9 RPOR8_9<7:4>

RP12 RPOR12_13<3:0> RP13 RPOR12_13<7:4>

RP16 RPOR16_17<3:0> RP17 RPOR16_17<7:4>

RP20 RPOR20_21<3:0> RP21 RPOR20_21<7:4>

RP24 RPOR24_25<3:0> RP25 RPOR24_25<7:4>

RP28 RPOR28_29<3:0> RP29 RPOR28_29<7:4>

RP32 RPOR32_33<3:0> RP33 RPOR32_33<7:4>

RP36 RPOR36_37<3:0> RP37 RPOR36_37<7:4>

RP40 RPOR40_41<3:0> RP41 RPOR40_41<7:4>

RP44 RPOR44_45<3:0> RP45 RPOR44_45<7:4>

(2) with this Output Signal (3) Write this Corresponding Value (2) with this Output Signal (3) Write this Corresponding Value

Disabled h’0 Disabled h’0

U2BCLK h’1 U1BCLK h’1

U3RX_DT h’2 U3TX_CK h’2

U4RX_DT h’3 U4TX_CK h’3

SDO2 h’4 SDO1 h’4

P1D h’5 P1C h’5

P2D h’6 P2C h’6

P3B h’7 P3C h’7

CTPLS h’8 CCP7 h’8

CCP5 h’9 CCP9 h’9

CCP8 h’A C2OUT h’A

C1OUT h’B Unused h’B

Unused h’C Unused h’C

RVP0 h’D RVP1 h’D

RVP4 h’E RVP5 h’E

Reserved h’F Reserved h’F
�⁄  2012-2016 Microchip Technology Inc. DS30000575C-page 231
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13.2 LCD Segment Pins Configuration

The LCDSEx registers configure the functions of the
port pins. Setting the segment enable bit for a particular
segment configures that pin as an LCD driver. There

are four LCD Segment Enable registers, as shown in
Table 13-1. The prototype LCDSEx register is shown in
Register 13-4.

Once the module is initialized for the LCD panel, the
individual bits of the LCDDATAx registers are cleared
or set to represent a clear or dark pixel, respectively.

Specific sets of LCDDATA registers are used with
specific segments and common signals. Each bit rep-
resents a unique combination of a specific segment
connected to a specific common.

Individual LCDDATA bits are named by the convention,
“SxxCy”, with “xx” as the segment number and “y” as
the common number. The relationship is summarized
in Register 13-3. The prototype LCDDATAx register is
shown in Register 13-5.

REGISTER 13-4: LCDSEx: LCD SEGMENT x ENABLE REGISTER

TABLE 13-1: LCDSEx REGISTERS AND ASSOCIATED SEGMENTS

Register Segments

LCDSE0 Seg 7:Seg 0

LCDSE1 Seg 15:Seg 8

LCDSE2 Seg 23:Seg 16

LCDSE3 Seg 31:Seg 24

LCDSE4 Seg 39:Seg 32

LCDSE5 Seg 47:Seg 40

LCDSE6 Seg 55:Seg 48

LCDSE7 Seg 63:Seg 56

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

SE(n) SE(n) SE(n) SE(n) SE(n) SE(n) SE(n) SE(n)

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 SE(n): Segment Enable bits
DS30000575C-page 248 �¤ 2012-2016 Microchip Technology Inc.
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TABLE 21-2: BAUD RATES FOR ASYNCHRONOUS MODES

BAUD
RATE

(K)

SYNC = 0, BRGH = 0, BRG16 = 0

FOSC = 40.000 MHz FOSC = 20.000 MHz FOSC = 10.000 MHz FOSC = 8.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 — — — — — — — — — — — —

1.2 — — — 1.221 1.73 255 1.202 0.16 129 1.201 -0.16 103

2.4 2.441 1.73 255 2.404 0.16 129 2.404 0.16 64 2.403 -0.16 51

9.6 9.615 0.16 64 9.766 1.73 31 9.766 1.73 15 9.615 -0.16 12

19.2 19.531 1.73 31 19.531 1.73 15 19.531 1.73 7 — — —

57.6 56.818 -1.36 10 62.500 8.51 4 52.083 -9.58 2 — — —

115.2 125.000 8.51 4 104.167 -9.58 2 78.125 -32.18 1 — — —

BAUD
RATE

(K)

SYNC = 0, BRGH = 0, BRG16 = 0

FOSC = 4.000 MHz FOSC = 2.000 MHz FOSC = 1.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 0.300 0.16 207 0.300 -0.16 103 0.300 -0.16 51

1.2 1.202 0.16 51 1.201 -0.16 25 1.201 -0.16 12

2.4 2.404 0.16 25 2.403 -0.16 12 — — —

9.6 8.929 -6.99 6 — — — — — —

19.2 20.833 8.51 2 — — — — — —

57.6 62.500 8.51 0 — — — — — —

115.2 62.500 -45.75 0 — — — — — —

BAUD
RATE

(K)

SYNC = 0, BRGH = 1, BRG16 = 0

FOSC = 40.000 MHz FOSC = 20.000 MHz FOSC = 10.000 MHz FOSC = 8.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 — — — — — — — — — — — —

1.2 — — — — — — — — — — — —

2.4 — — — — — — 2.441 1.73 255 2.403 -0.16 207

9.6 9.766 1.73 255 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51

19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25

57.6 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8

115.2 113.636 -1.36 21 113.636 -1.36 10 125.000 8.51 4 — — —

BAUD
RATE

(K)

SYNC = 0, BRGH = 1, BRG16 = 0

FOSC = 4.000 MHz FOSC = 2.000 MHz FOSC = 1.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 — — — — — — 0.300 -0.16 207

1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51

2.4 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25

9.6 9.615 0.16 25 9.615 -0.16 12 — — —

19.2 19.231 0.16 12 — — — — — —

57.6 62.500 8.51 3 — — — — — —

115.2 125.000 8.51 1 — — — — — —
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EXAMPLE 22-3: A/D INITIALIZATION CODE EXAMPLE
ADCON1H = 0x22;         // Configure sample clock source

ADCON1L = 0x00;         // and conversion trigger mode.

                        // Unsigned Fraction format (FORM<1:0>=10),

                        // Manual conversion trigger (SSRC<3:0>=0000),

                        // Manual start of sampling (ASAM=0),

                        // S/H in Sample (SAMP = 1)

ADCON2H = 0;            // Configure A/D voltage reference

ADCON2L = 0;            // and buffer fill modes.

                        // Vr+ and Vr- from AVdd and AVss(PVCFG<1:0>=00, NVCFG=0),

                        // Inputs are not scanned,

                        // Interrupt after every sample

ADCON3H = 0;            // Configure sample time = 1Tad,

ADCON3L = 0;            // A/D conversion clock as Tcy

ADCHS0H = 0;            // Configure input channels,

ADCHS0L = 0;            // S/H+ input is AN0,

                        // S/H- input is Vr- (AVss). 

ADCSS0L = 0;            // No inputs are scanned. 

ADCSS0H = 0;            // No inputs are scanned. 

PIR1bits.ADIF = 0;      // Clear A/D conversion interrupt.

// Configure A/D interrupt priority bits (ADIP) here, if

// required. Default priority level is high.

PIE1bits.ADIE = 1;      // Enable A/D conversion interrupt

ADCON1Hbits.ADON = 1;   // Turn on A/D 

ADCON1Lbits.SAMP = 1;   // Start sampling the input

Delay();                // Ensure the correct sampling time has elapsed

                        // before starting conversion. 

ADCON1Lbits.SAMP = 0;   // End A/D sampling and start conversion

// Example code for A/D ISR:

#pragma interrupt _ADC1Interrupt

void _ADC1Interrupt(void)

{

    PIR1bits.ADIF = 0;

} 
�⁄  2012-2016 Microchip Technology Inc. DS30000575C-page 471



PIC18F97J94 FAMILY
EXAMPLE 22-5: SCANNING AND CONVERTING ALL 16 CHANNELS PER SINGLE INTERRUPT

A/D Configuration:

• Select Any Channel for S/H+ Input (CH0SA<4:0> = xxxxx)

• Select VR- for S/H- Input (CH0NA<2:0> = 000) 

• Use Only MUX A for Sampling (ALTS = 0)

• Configure MUX A for Input Scan (CSCNA = 1)

• Include All Analog Channels in Scanning (AD1CSSL = 1111 1111 1111 1111)

• Set AD1IF on Every 16th Sample (SMPI<4:0> = 01111)

• Configure Buffers for Single, 16-Word Results (BUFM = 0) 

Operational Sequence:

1. Sample MUX A Input AN0; Convert and Write to Buffer 0h.

2. Sample MUX A Input AN1; Convert and Write to Buffer 1h.

3. Sample MUX A Input AN2; Convert and Write to Buffer 2h.

4. Sample MUX A Input AN3; Convert and Write to Buffer 3h.

5. Sample MUX A Input AN4; Convert and Write to Buffer 4h.

6. Sample MUX A Input AN5; Convert and Write to Buffer 5h.

7. Sample MUX A Input AN6; Convert and Write to Buffer 6h.

8. Sample MUX A Input AN7; Convert and Write to Buffer 7h.

9. Sample MUX A Input AN8; Convert and Write to Buffer 8h.

10. Sample MUX A Input AN9; Convert and Write to Buffer 9h.

11. Sample MUX A Input AN10; Convert and Write to Buffer Ah.

12. Sample MUX A Input AN11; Convert and Write to Buffer Bh.

13. Sample MUX A Input AN12; Convert and Write to Buffer Ch.

14. Sample MUX A Input AN13; Convert and Write to Buffer Dh.

15. Sample MUX A Input AN14; Convert and Write to Buffer Eh.

16. Sample MUX A Input AN15; Convert and Write to Buffer Fh.

17. Set AD1IF Flag (and generate interrupt, if enabled).

18. Repeat (1-16) after Return from Interrupt.

Results Stored in Buffer (after 2 cycles): 

Buffer 
Address

Buffer Contents 
at 1st AD1IF Event

Buffer Contents 
at 2nd AD1IF Event

ADC1BUF0 Sample 1 (AN0, Sample 1) Sample 17 (AN0, Sample 2)
ADC1BUF1 Sample 2 (AN1, Sample 1) Sample 18 (AN1, Sample 2)
ADC1BUF2 Sample 3 (AN2, Sample 1) Sample 19 (AN2, Sample 2)
ADC1BUF3 Sample 4 (AN3, Sample 1) Sample 20 (AN3, Sample 2)
ADC1BUF4 Sample 5 (AN4, Sample 1) Sample 21 (AN4, Sample 2)
ADC1BUF5 Sample 6 (AN5, Sample 1) Sample 22 (AN5, Sample 2)
ADC1BUF6 Sample 7 (AN6, Sample 1) Sample 23 (AN6, Sample 2)
ADC1BUF7 Sample 8 (AN7, Sample 1) Sample 24 (AN7, Sample 2)
ADC1BUF8 Sample 9 (AN8, Sample 1) Sample 25 (AN8, Sample 2)
ADC1BUF9 Sample 10 (AN9, Sample 1) Sample 26 (AN9, Sample 2)

ADC1BUF10 Sample 11 (AN10, Sample 1) Sample 27 (AN10, Sample 2)
ADC1BUF11 Sample 12 (AN11, Sample 1) Sample 28 (AN11, Sample 2)
ADC1BUF12 Sample 13 (AN12, Sample 1) Sample 29 (AN12, Sample 2)
ADC1BUF13 Sample 14 (AN13, Sample 1) Sample 30 (AN13, Sample 2)
ADC1BUF14 Sample 15 (AN14, Sample 1) Sample 31 (AN14, Sample 2)
ADC1BUF15 Sample 16 (AN15, Sample 1) Sample 32 (AN15, Sample 2)
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FIGURE 22-21: 12-BIT A/D TRANSFER FUNCTION 

For the 10-bit transfer function (when 10-bit resolution
is available):

• The first code transition occurs when the input 
voltage is ((VR+) - (VR-))/1024 or 1.0 LSb.

• The '00 0000 0001' code is centered at VR- + 
(1.5 * (((VR+) - (VR-)) / 1024).

• The '10 0000 0000' code is centered at VREFL 
+ (512.5 * (((VR+) - (VR-)) /1024).

• An input voltage less than VR- + (((VR-) - (VR-)) / 
1024) converts as '00 0000 0000'.

• An input voltage greater than (VR-) + ((1023 
(VR+)) - (VR-))/1024) converts as '11 1111 
1111'.

0010 0000 0001 (2049)

0010 0000 0010 (2050)

0010 0000 0011 (2051)

0001 1111 1101 (2045)

0001 1111 1110 (2046)

0001 1111 1111 (2047)

1111 1111 1110 (4094)

1111 1111 1111 (4095)

0000 0000 0000 (0)

0000 0000 0001 (1)

Output Code

0010 0000 0000 (2048)
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FIGURE 24-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM       

REGISTER 24-2: CVRCONL: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER LOW

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

CVREN CVROE CVRPSS1 CVRPSS0 — — — CVRNSS

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 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit is powered on
0 = CVREF circuit is powered down

bit 6 CVROE: Comparator VREF Output Enable bit

1 = CVREF voltage level is output on CVREF pin
0 = CVREF voltage level is disconnected from CVREF pin

bit 5-4 CVRPSS<1:0>: Comparator VREF Positive Source (VPOSSRC) Selection bits

11 = Reserved, do not use. Positive source is floating
10 = VBG (Band gap)
01 = VREF+
00 = AVDD

bit 3-1 Unimplemented: Read as ‘0’

bit 0 CVRNSS: Comparator VREF Negative Source (VNEGSRC) Selection bit

01 = VREF-
00 = AVSS

3
2

-t
o

-1
 M

U
X

CVR<4:0>
8R

RCVREN

CVRSS = 0
AVDD

VREF+
CVRSS = 1

R

R

R

R

R

R

32 Steps
CVREF

VREF-
CVRSS = 1

CVRSS = 0
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27.5.1.1 Bus Activity Detect Interrupt Bit 
(ACTVIF)

The ACTVIF bit cannot be cleared immediately after
the USB module wakes up from Suspend mode or
while the USB module is suspended. A few clock
cycles are required to synchronize the internal hard-
ware state machine before the ACTVIF bit can be
cleared by firmware. Clearing the ACTVIF bit before
the internal hardware is synchronized may not have an
effect on the value of ACTVIF. Additionally, if the USB
module uses the clock from the 96 MHz PLL source,
then after clearing the SUSPND bit, the USB module

may not be immediately operational while waiting for
the 96 MHz PLL to lock. The application code should
clear the ACTVIF flag as provided in Example 27-1.

EXAMPLE 27-1: CLEARING ACTVIF BIT (UIR<2>)

Note: Only one ACTVIF interrupt is generated
when resuming from the USB bus Idle con-
dition. If user firmware clears the ACTVIF
bit, the bit will not immediately become set
again, even when there is continuous bus
traffic. Bus traffic must cease long enough
to generate another IDLEIF condition
before another ACTVIF interrupt can be
generated.

Assembly:

BCF UCON, SUSPND
LOOP:

BTFSS UIR, ACTVIF
BRA DONE
BCF UIR, ACTVIF
BRA LOOP

DONE:

C:

UCONbits.SUSPND = 0;
while (UIRbits.ACTVIF) { UIRbits.ACTVIF = 0; }
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BTG Bit Toggle f

Syntax: BTG f, b {,a}

Operands: 0 �d f �d 255
0 �d b < 7
a ����[0,1]

Operation: (f<b>) �o  f<b>

Status Affected: None

Encoding: 0111 bbba ffff ffff

Description: Bit ‘b’ in data memory location, ‘f’, is 
inverted.

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 

If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f �d��95 (5Fh). See 
Section 29.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write
register ‘f’

Example: BTG PORTC, 4, 0

Before Instruction:
PORTC = 0111 0101 [75h]

After Instruction:
PORTC = 0110 0101 [65h]

BOV Branch if Overflow

Syntax: BOV    n

Operands: -128 �d n �d 127

Operation: if Overflow bit is ‘1’,
(PC) + 2 + 2n �o  PC

Status Affected: None

Encoding: 1110 0100 nnnn nnnn

Description: If the Overflow bit is ‘1’, then the 
program will branch.

The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 
PC + 2 + 2n. This instruction is then a 
2-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
If Jump:

Q1 Q2 Q3 Q4

Decode Read literal 
‘n’

Process 
Data

Write to PC

No 
operation

No 
operation

No 
operation

No 
operation

If No Jump:

Q1 Q2 Q3 Q4

Decode Read literal 
‘n’

Process 
Data

No 
operation

Example: HERE BOV Jump

Before Instruction
PC = address (HERE)

After Instruction
If Overflow = 1;

PC = address (Jump)
If Overflow = 0;

PC = address (HERE + 2)
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SLEEP Enter Sleep Mode

Syntax: SLEEP

Operands: None

Operation: 00h �o  WDT,
0 �o  WDT postscaler,
1 �o  TO,
0 �o  PD

Status Affected: TO, PD

Encoding: 0000 0000 0000 0011

Description: The Power-Down Status bit (PD) is 
cleared. The Time-out Status bit (TO) 
is set. The Watchdog Timer and its 
postscaler are cleared.

The processor is put into Sleep mode 
with the oscillator stopped.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode No 
operation

Process 
Data

Go to
Sleep

Example: SLEEP

Before Instruction
TO = ?
PD = ?

After Instruction
TO = 1 †
PD = 0 

†   If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with Borrow

Syntax: SUBFWB    f {,d {,a}}

Operands: 0 �d��f �d��255
d ��  [0,1]
a ��  [0,1]

Operation: (W) – (f) – (C) �o��dest

Status Affected: N, OV, C, DC, Z

Encoding: 0101 01da ffff ffff

Description: Subtract register ‘f’ and Carry flag 
(borrow) from W (2’s complement 
method). If ‘d’ is ‘0’, the result is stored in 
W. If ‘d’ is ‘1’, the result is stored in 
register ‘f’. 

If ‘a’ is ‘0’, the Access Bank is selected. If 
‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 

If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates in 
Indexed Literal Offset Addressing mode 
whenever f �d��95 (5Fh). See 
Section 29.2.3 “Byte-Oriented and Bit-
Oriented Instructions in Indexed Lit-
eral Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example 1: SUBFWB   REG, 1, 0

Before Instruction
REG = 3
W = 2
C = 1

After Instruction
REG = FF
W = 2
C = 0
Z = 0
N = 1       ; result is negative

Example 2: SUBFWB   REG, 0, 0

Before Instruction
REG = 2
W = 5
C = 1

After Instruction
REG = 2
W = 3
C = 1
Z = 0
N = 0       ; result is positive

Example 3: SUBFWB   REG, 1, 0

Before Instruction
REG = 1
W = 2
C = 0

After Instruction
REG = 0
W = 2
C = 1
Z = 1       ; result is zero
N = 0
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TSTFSZ Test f, Skip if 0

Syntax: TSTFSZ f {,a}

Operands: 0 �d f �d 255
a ��  [0,1]

Operation: skip if f = 0

Status Affected: None

Encoding: 0110 011a ffff ffff

Description: If ‘f’ = 0, the next instruction fetched 
during the current instruction execution 
is discarded and a NOP is executed, 
making this a 2-cycle instruction. 

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 

If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f �d��95 (5Fh). See 
Section 29.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed

by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

No 
operation

If skip:

Q1 Q2 Q3 Q4

No 
operation

No 
operation

No 
operation

No 
operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

Example: HERE    TSTFSZ  CNT, 1
NZERO   :
ZERO    :

Before Instruction
PC = Address (HERE)

After Instruction
If CNT = 00h,
PC = Address (ZERO)
If CNT �z 00h,
PC = Address  (NZERO)

XORLW Exclusive OR Literal with W

Syntax: XORLW   k

Operands: 0 �d��k �d��255

Operation: (W) .XOR. k �o��W

Status Affected: N, Z

Encoding: 0000 1010 kkkk kkkk

Description: The contents of W are XORed with 
the 8-bit literal ‘k’. The result is placed 
in W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
literal ‘k’

Process 
Data

Write to 
W

Example: XORLW  0AFh

Before Instruction
W = B5h

After Instruction
W = 1Ah
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TABLE 30-4: DC CHARACTERISTICS: POWER-DOWN AND SUPPLY CURRENT 
PIC18F97J94 FAMILY (INDUSTRIAL)

Param
No.

Device Typ. Max. Units Conditions

Supply Current (IDD)

All Devices

22 55 µA -40°C to +85°C VDD = 2.0V
FOSC = 32 kHz, SEC_RUN

23 56 µA -40°C to +85°C VDD = 3.3V

21 54 µA -40°C to +85°C VDD =2.0V
FOSC = 32 kHz, SEC_IDLE

22 55 µA -40°C to +85°C VDD = 3.3V

TABLE 30-5: DC CHARACTERISTICS: POWER-DOWN AND SUPPLY CURRENT 
PIC18F97J94 FAMILY (INDUSTRIAL)

Param
No.

Device Typ. Max. Units Conditions

Supply Current (IDD)

All Devices

325 430 µA -40°C to +85°C VDD = 2.0V
FOSC = 1 MHz, RC_RUN

325 430 µA -40°C to +85°C VDD = 3.3V

540 700 µA -40°C to +85°C VDD = 2.0V
FOSC = 4 MHz, RC_RUN

540 700 µA -40°C to +85°C VDD = 3.3V

820 1000 µA -40°C to +85°C VDD = 2.0V
FOSC = 8 MHz, RC_RUN 

825 1000 µA -40°C to +85°C VDD = 3.3V

275 370 µA -40°C to +85°C VDD = 2.0V
FOSC = 1 MHz, RC_IDLE

275 370 µA -40°C to +85°C VDD = 3.3V

345 440 µA -40°C to +85°C VDD = 2.0V
FOSC = 4 MHz, RC_IDLE

345 440 µA -40°C to +85°C VDD = 3.3V

435 620 µA -40°C to +85°C VDD = 2.0V
FOSC = 8 MHz, RC_IDLE

435 620 µA -40°C to +85°C VDD = 3.3V
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FIGURE 30-20: EUSARTx SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING       

    

92 TSU:STO Stop Condition 
Setup Time

100 kHz mode 2(TOSC)(BRG + 1) — —

400 kHz mode 2(TOSC)(BRG + 1) — —

1 MHz mode(1) 2(TOSC)(BRG + 1) — —

109 TAA Output Valid 
from Clock

100 kHz mode — 3500 ns

400 kHz mode — 1000 ns

1 MHz mode(1) — — ns

110 TBUF Bus Free Time 100 kHz mode 4.7 — �Ps Time the bus must be free 
before a new transmission 
can start

400 kHz mode 1.3 — �Ps
1 MHz mode(1) — — �Ps

D102 CB Bus Capacitive Loading —  400 pF 

TABLE 30-37: MSSPx I2C BUS DATA REQUIREMENTS

Param.
No.

Symbol Characteristic Min. Max. Units Conditions

Note 1: Maximum pin capacitance = 10 pF for all II2C pins. 

2: A Fast mode I2C bus device can be used in a Standard mode I2C bus system, but Parameter #107 �t 250 ns 
must then be met. This will automatically be the case if the device does not stretch the LOW period of the 
SCLx signal. If such a device does stretch the LOW period of the SCLx signal, it must output the next data 
bit to the SDAx line, Parameter #102 + Parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode), 
before the SCLx line is released.

TABLE 30-38: EUSARTx/AUSARTx SYNCHRONOUS TRANSMISSION REQUIREMENTS

Param. 
No.

Symbol Characteristic Min. Max. Units Conditions

120 TCKH2DTV SYNC XMIT (MASTER and SLAVE) 
Clock High to Data Out Valid — 40 ns

121 TCKRF Clock Out Rise Time and Fall Time (Master mode) — 20 ns

122 TDTRF Data Out Rise Time and Fall Time — 20 ns

121 121

120
122

TXx/CKx

RXx/DTx
pin

pin

Note: Refer to Figure 30-2 for load conditions.
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