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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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Peripherals Brown-out Detect/Reset, LCD, LVD, POR, PWM, WDT

Number of I/O 67
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Program Memory Type FLASH

EEPROM Size -

RAM Size 3923 x 8

Voltage - Supply (Vcc/Vdd) 2V ~ 3.6V

Data Converters A/D 12x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 80-TQFP
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PIC18F87J93 FAMILY

LCD Driver and Keypad Interface 
Features:
• Direct LCD Panel Drive Capability:

- Can drive LCD panel while in Sleep mode
• Up to 48 Segments and 192 Pixels, Software 

Selectable
• Programmable LCD Timing module:

- Multiple LCD timing sources available
- Up to four commons: static, 1/2, 1/3 or 

1/4 multiplex
- Static, 1/2 or 1/3 bias configuration

• On-Chip LCD Boost Voltage Regulator for 
Contrast Control

• Charge Time Measurement Unit (CTMU) for 
Capacitive Touch Sensing

• ADC for Resistive Touch Sensing

Low-Power Features:
• Power-Managed modes:

- Run: CPU On, Peripherals On
- Idle: CPU Off, Peripherals On
- Sleep: CPU Off, Peripherals Off

• Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
• Two Crystal modes, 4-25 MHz
• Two External Clock modes, up to 48 MHz
• 4x Phase Lock Loop (PLL)
• Internal Oscillator Block with PLL:

- Eight user-selectable frequencies from 
31.25 kHz to 8 MHz

• Secondary Oscillator using Timer1 at 32 kHz
• Fail-Safe Clock Monitor (FSCM):

- Allows for safe shutdown if peripheral clock fails

Peripheral Highlights:
• High-Current Sink/Source 25 mA/25 mA 

(PORTB and PORTC)
• Up to Four External Interrupts
• Four 8-Bit/16-Bit Timer/Counter modules
• Two Capture/Compare/PWM (CCP) modules
• Master Synchronous Serial Port (MSSP) module 

with Two Modes of Operation:
- 3-Wire/4-Wire SPI (supports all four SPI modes)
- I2C™ Master and Slave mode

• One Addressable USART module
• One Enhanced Addressable USART module:

- LIN/J2602 support
- Auto-wake-up on Start bit and Break character
- Auto-Baud Detect (ABD)

• 12-Bit, up to 12-Channel A/D Converter: 
- Auto-acquisition
- Conversion available during Sleep

• Two Analog Comparators
• Programmable Reference Voltage for Comparators
• Hardware Real-Time Clock and Calendar (RTCC) 

with Clock, Calendar and Alarm Functions
• Charge Time Measurement Unit (CTMU):

- Capacitance measurement
- Time measurement with 1 ns typical resolution

Note: This document is supplemented by the
“PIC18F87J90 Family Data Sheet”
(DS39933). See Section 1.0 “Device
Overview”.
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PIC18F66J93 64K 3,923 51 132 1/3 2 Yes Yes 1/1 12 2 Yes Yes Yes
PIC18F67J93 128K 3,923 51 132 1/3 2 Yes Yes 1/1 12 2 Yes Yes Yes
PIC18F86J93 64K 3,923 67 192 1/3 2 Yes Yes 1/1 12 2 Yes Yes Yes
PIC18F87J93 128K 3,923 67 192 1/3 2 Yes Yes 1/1 12 2 Yes Yes Yes

64/80-Pin, High-Performance Microcontrollers with
LCD Driver, 12-Bit A/D and nanoWatt Technology
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PIC18F87J93 FAMILY

1.0 DEVICE OVERVIEW
This document contains device-specific information for
the following devices:

The PIC18F87J93 family of devices offers the
advantages of all PIC18 microcontrollers – high compu-
tational performance, a rich feature set and economical
price – with the addition of a versatile, on-chip LCD
driver. These features make the PIC18F87J93 family a
logical choice for many high-performance applications
where price is a primary consideration.

1.1 Special Features
• 12-Bit A/D Converter: The PIC18F87J93 family 

implements a 12-bit A/D converter. A/D converters 
in both families incorporate programmable acquisi-
tion time. This allows for a channel to be selected 
and a conversion to be initiated, without waiting for 
a sampling period and thus, reducing code 
overhead.

• Data RAM: The PIC18F87J93 family devices have 
3,923 bytes of RAM.

1.2 Details on Individual Family 
Members

Devices in the PIC18F87J93 family are available in
64-pin and 80-pin packages. Block diagrams for the
two groups are shown in Figure 1-1 and Figure 1-2. 

The devices are differentiated from each other in the
following ways:

• Flash Program Memory (64 Kbytes for 
PIC18FX6J93 devices and 128 Kbytes for 
PIC18FX7J93).

• LCD Pixels:
- 64-pin devices – 132 pixels 

(33 SEGs x 4 COMs)
- 80-pin devices – 192 pixels 

(48 SEGs x 4 COMs)
• I/O Ports (seven bidirectional ports on 

PIC18F6XJ93 devices and nine bidirectional ports 
on PIC18F8XJ93 devices).

All other features for devices in this family are identical
and are summarized in Table 1-1 and Table 1-2.

The devices’ block diagrams are given in Figure 1-1
and Figure 1-2.

The pinouts for all devices are listed in Table 1-3 and
Table 1-4.

• PIC18F66J93 • PIC18F67J93
• PIC18F86J93 • PIC18F87J93

Note: This data sheet documents only the devices’
features and specifications that are in addition
to the features and specifications of the
PIC18F87J90 family devices. For information
on the features and specifications shared by
the PIC18F87J93 family and PIC18F87J90
family devices, see the “PIC18F87J90 Family
Data Sheet” (DS39933).
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TABLE 1-3: PIC18F6XJ93 (64-PIN DEVICE) PINOUT I/O DESCRIPTIONS  

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

MCLR 7 I ST Master Clear (input) or programming voltage (input). This 
pin is an active-low Reset to the device.

OSC1/CLKI/RA7
OSC1
CLKI

RA7

39
I
I

I/O

CMOS
CMOS

TTL

Oscillator crystal or external clock input.
Oscillator crystal input. 
External clock source input. Always associated 
with pin function OSC1. (See related OSC1/CLKI, 
OSC2/CLKO pins.)
General purpose I/O pin.

OSC2/CLKO/RA6
OSC2

CLKO

RA6

40
O

O

I/O

—

—

TTL

Oscillator crystal or clock output.
Oscillator crystal output. Connects to crystal or 
resonator in Crystal Oscillator mode.
In EC modes, OSC2 pin outputs CLKO, which has 
1/4 the frequency of OSC1 and denotes the
instruction cycle rate. 
General purpose I/O pin.

PORTA is a bidirectional I/O port.

RA0/AN0
RA0
AN0

24
I/O
I

TTL
Analog

Digital I/O.
Analog Input 0.

RA1/AN1/SEG18
RA1
AN1
SEG18

23
I/O
I
O

TTL
Analog
Analog

Digital I/O.
Analog Input 1.
SEG18 output for LCD.

RA2/AN2/VREF-
RA2
AN2
VREF-

22
I/O
I
I

TTL
Analog
Analog

Digital I/O.
Analog Input 2.
A/D reference voltage (low) input.

RA3/AN3/VREF+
RA3
AN3
VREF+

21
I/O
I
I

TTL
Analog
Analog

Digital I/O.
Analog Input 3.
A/D reference voltage (high) input.

RA4/T0CKI/SEG14
RA4
T0CKI
SEG14

28
I/O
I
O

ST
ST

Analog

Digital I/O.
Timer0 external clock input.
SEG14 output for LCD.

RA5/AN4/SEG15
RA5
AN4
SEG15

27
I/O
I
O

TTL
Analog
Analog

Digital I/O.
Analog Input 4. 
SEG15 output for LCD.

RA6 See the OSC2/CLKO/RA6 pin.

RA7 See the OSC1/CLKI/RA7 pin.
Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 

ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTB is a bidirectional I/O port. PORTB can be software 
programmed for internal weak pull-ups on all inputs. 

RB0/INT0/SEG30
RB0
INT0
SEG30

48
I/O
I
O

TTL
ST

Analog

Digital I/O.
External Interrupt 0.
SEG30 output for LCD.

RB1/INT1/SEG8
RB1
INT1
SEG8

47
I/O
I
O

TTL
ST

Analog

Digital I/O.
External Interrupt 1.
SEG8 output for LCD.

RB2/INT2/SEG9/CTED1
RB2
INT2
SEG9
CTED1

46
I/O
I
O
I

TTL
ST

Analog
ST

Digital I/O.
External Interrupt 2.
SEG9 output for LCD.
CTMU Edge 1 input.

RB3/INT3/SEG10/CTED2
RB3
INT3
SEG10
CTED2

45
I/O
I
O
I

TTL
ST

Analog
ST

Digital I/O.
External Interrupt 3.
SEG10 output for LCD.
CTMU Edge 2 input.

RB4/KBI0/SEG11
RB4
KBI0
SEG11

44
I/O
I
O

TTL
TTL

Analog

Digital I/O.
Interrupt-on-change pin.
SEG11 output for LCD.

RB5/KBI1/SEG29
RB5
KBI1
SEG29

43
I/O
I
O

TTL
TTL

Analog

Digital I/O.
Interrupt-on-change pin.
SEG29 output for LCD.

RB6/KBI2/PGC
RB6
KBI2
PGC

42
I/O
I

I/O

TTL
TTL
ST

Digital I/O.
Interrupt-on-change pin. 
In-Circuit Debugger and ICSP™ programming clock pin.

RB7/KBI3/PGD
RB7
KBI3
PGD

37
I/O
I

I/O

TTL
TTL
ST

Digital I/O.
Interrupt-on-change pin. 
In-Circuit Debugger and ICSP programming data pin.

TABLE 1-3: PIC18F6XJ93 (64-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTC is a bidirectional I/O port.

RC0/T1OSO/T13CKI
RC0
T1OSO
T13CKI

30
I/O
O
I

ST
—
ST

Digital I/O.
Timer1 oscillator output. 
Timer1/Timer3 external clock input.

RC1/T1OSI/CCP2/SEG32
RC1
T1OSI
CCP2(1)

SEG32

29
I/O
I

I/O
O

ST
CMOS

ST
Analog

Digital I/O.
Timer1 oscillator input.
Capture 2 input/Compare 2 output/PWM2 output.
SEG32 output for LCD.

RC2/CCP1/SEG13
RC2
CCP1
SEG13

33
I/O
I/O
O

ST
ST

Analog

Digital I/O.
Capture 1 input/Compare 1 output/PWM1 output.
SEG13 output for LCD.

RC3/SCK/SCL/SEG17
RC3
SCK
SCL
SEG17

34
I/O
I/O
I/O
O

ST
ST
ST

Analog

Digital I/O.
Synchronous serial clock input/output for SPI mode.
Synchronous serial clock input/output for I2C™ mode.
SEG17 output for LCD.

RC4/SDI/SDA/SEG16
RC4
SDI
SDA
SEG16

35
I/O
I

I/O
O

ST
ST
ST

Analog

Digital I/O.
SPI data in.
I2C data I/O.
SEG16 output for LCD.

RC5/SDO/SEG12
RC5
SDO
SEG12

36
I/O
O
O

ST
—

Analog

Digital I/O.
SPI data out.
SEG12 output for LCD.

RC6/TX1/CK1/SEG27
RC6
TX1
CK1
SEG27

31
I/O
O
I/O
O

ST
—
ST

Analog

Digital I/O.
EUSART asynchronous transmit. 
EUSART synchronous clock (see related RX1/DT1).
SEG27 output for LCD.

RC7/RX1/DT1/SEG28
RC7
RX1
DT1
SEG28

32
I/O
I

I/O
O

ST
ST
ST

Analog

Digital I/O.
EUSART asynchronous receive.
EUSART synchronous data (see related TX1/CK1).
SEG28 output for LCD.

TABLE 1-3: PIC18F6XJ93 (64-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTD is a bidirectional I/O port.

RD0/SEG0/CTPLS
RD0
SEG0
CTPLS

58
I/O
O
O

ST
Analog

—

Digital I/O.
SEG0 output for LCD.
CTMU pulse generator output.

RD1/SEG1
RD1
SEG1

55
I/O
O

ST
Analog

Digital I/O.
SEG1 output for LCD.

RD2/SEG2
RD2
SEG2

54
I/O
O

ST
Analog

Digital I/O.
SEG2 output for LCD.

RD3/SEG3
RD3
SEG3

53
I/O
O

ST
Analog

Digital I/O.
SEG3 output for LCD.

RD4/SEG4
RD4
SEG4

52
I/O
O

ST
Analog

Digital I/O.
SEG4 output for LCD.

RD5/SEG5
RD5
SEG5

51
I/O
O

ST
Analog

Digital I/O.
SEG5 output for LCD.

RD6/SEG6
RD6
SEG6

50
I/O
O

ST
Analog

Digital I/O.
SEG6 output for LCD.

RD7/SEG7
RD7
SEG7

49
I/O
O

ST
Analog

Digital I/O.
SEG7 output for LCD.

TABLE 1-3: PIC18F6XJ93 (64-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTE is a bidirectional I/O port.

RE0/LCDBIAS1
RE0
LCDBIAS1

2
I/O
I

ST
Analog

Digital I/O.
BIAS1 input for LCD.

RE1/LCDBIAS2
RE1
LCDBIAS2

1
I/O
I

ST
Analog

Digital I/O.
BIAS2 input for LCD.

LCDBIAS3 64 I Analog BIAS3 input for LCD.

RE3/COM0
RE3
COM0

63
I/O
O

ST
Analog

Digital I/O.
COM0 output for LCD.

RE4/COM1
RE4
COM1

62
I/O
O

ST
Analog

Digital I/O.
COM1 output for LCD.

RE5/COM2
RE5
COM2

61
I/O
O

ST
Analog

Digital I/O.
COM2 output for LCD.

RE6/COM3
RE6
COM3

60
I/O
O

ST
Analog

Digital I/O.
COM3 output for LCD.

RE7/CCP2/SEG31
RE7
CCP2(2)

SEG31

59
I/O
I/O
O

ST
ST

Analog

Digital I/O.
Capture 2 input/Compare 2 output/PWM2 output.
SEG31 output for LCD.

TABLE 1-3: PIC18F6XJ93 (64-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTG is a bidirectional I/O port.

RG0/LCDBIAS0
RG0
LCDBIAS0

3
I/O
I

ST
Analog

Digital I/O.
BIAS0 input for LCD.

RG1/TX2/CK2
RG1
TX2
CK2

4
I/O
O
I/O

ST
—
ST

Digital I/O.
AUSART asynchronous transmit. 
AUSART synchronous clock (see related RX2/DT2).

RG2/RX2/DT2/VLCAP1
RG2
RX2
DT2
VLCAP1

5
I/O
I

I/O
I

ST
ST
ST

Analog

Digital I/O.
AUSART asynchronous receive.
AUSART synchronous data (see related TX2/CK2).
LCD charge pump capacitor input.

RG3/VLCAP2
RG3
VLCAP2

6
I/O
I

ST
Analog

Digital I/O.
LCD charge pump capacitor input.

RG4/SEG26/RTCC
RG4
SEG26
RTCC

8
I/O
O
O

ST
Analog

—

Digital I/O.
SEG26 output for LCD.
RTCC output

VSS 9, 25, 41, 56 P — Ground reference for logic and I/O pins.
VDD 26, 38, 57 P — Positive supply for logic and I/O pins.
AVSS 20 P — Ground reference for analog modules.
AVDD 19 P — Positive supply for analog modules.
ENVREG 18 I ST Enable for on-chip voltage regulator.
VDDCORE/VCAP

VDDCORE

VCAP

10
P

P

—

—

Core logic power or external filter capacitor connection.
Positive supply for microcontroller core logic 
(regulator disabled).
External filter capacitor connection (regulator enabled).

TABLE 1-3: PIC18F6XJ93 (64-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTD is a bidirectional I/O port.

RD0/SEG0/CTPLS
RD0
SEG0
CTPLS

72
I/O
O
O

ST
Analog

ST

Digital I/O.
SEG0 output for LCD.
CTMU pulse generator output.

RD1/SEG1
RD1
SEG1

69
I/O
O

ST
Analog

Digital I/O.
SEG1 output for LCD.

RD2/SEG2
RD2
SEG2

68
I/O
O

ST
Analog

Digital I/O.
SEG2 output for LCD.

RD3/SEG3
RD3
SEG3

67
I/O
O

ST
Analog

Digital I/O.
SEG3 output for LCD.

RD4/SEG4
RD4
SEG4

66
I/O
O

ST
Analog

Digital I/O.
SEG4 output for LCD.

RD5/SEG5
RD5
SEG5

65
I/O
O

ST
Analog

Digital I/O.
SEG5 output for LCD.

RD6/SEG6
RD6
SEG6

64
I/O
O

ST
Analog

Digital I/O.
SEG6 output for LCD.

RD7/SEG7
RD7
SEG7

63
I/O
O

ST
Analog

Digital I/O.
SEG7 output for LCD.

TABLE 1-4: PIC18F8XJ93 (80-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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PORTG is a bidirectional I/O port.

RG0/LCDBIAS0
RG0
LCDBIAS0

5
I/O
I

ST
Analog

Digital I/O.
BIAS0 input for LCD.

RG1/TX2/CK2
RG1
TX2
CK2

6
I/O
O

I/O

ST
—
ST

Digital I/O.
AUSART asynchronous transmit. 
AUSART synchronous clock (see related RX2/DT2).

RG2/RX2/DT2/VLCAP1
RG2
RX2
DT2
VLCAP1

7
I/O
I

I/O
I

ST
ST
ST

Analog

Digital I/O.
AUSART asynchronous receive.
AUSART synchronous data (see related TX2/CK2).
LCD charge pump capacitor input.

RG3/VLCAP2
RG3
VLCAP2

8
I/O
I

ST
Analog

Digital I/O.
LCD charge pump capacitor input.

RG4/SEG26/RTCC
RG4
SEG26
RTCC

10
I/O
O
O

ST
Analog

—

Digital I/O.
SEG26 output for LCD.
RTCC output.

TABLE 1-4: PIC18F8XJ93 (80-PIN DEVICE) PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for CCP2 when the CCP2MX Configuration bit is cleared. 
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(AVDD and AVSS) or the voltage level on the RA3/AN3/
VREF+ and RA2/AN2/VREF- pins.
The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.
The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.
Each port pin associated with the A/D converter can be
configured as an analog input or as a digital I/O. The
ADRESH and ADRESL registers contain the result of the

A/D conversion. When the A/D conversion is complete,
the result is loaded into the ADRESH:ADRESL register
pair, the GO/DONE bit (ADCON0<1>) is cleared and the
A/D Interrupt Flag bit, ADIF, is set. 
A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted. The value in the
ADRESH:ADRESL register pair is not modified for a
Power-on Reset. These registers will contain unknown
data after a Power-on Reset.
The block diagram of the A/D module is shown in
Figure 2-1.

FIGURE 2-1: A/D BLOCK DIAGRAM(1,2)   

(Input Voltage)
VAIN

VREF+Reference
Voltage

AVDD

VCFG<1:0>

CHS<3:0>

AN7

AN6

AN4

AN3

AN2

AN1

AN0

0111

0110

0100

0011

0010

0001

0000

12-Bit
A/D

VREF-

AVSS

Converter

AN11

AN10

AN9

AN8

1011

1010

1001

1000

Note 1: Channels AN15 through AN12 are not available on PIC18F6XJ93 devices.
2: I/O pins have diode protection to VDD and VSS.

AN5
0101
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2.2 Selecting and Configuring 

Automatic Acquisition Time
The ADCON2 register allows the user to select an
acquisition time that occurs each time the GO/DONE
bit is set.

When the GO/DONE bit is set, sampling is stopped and
a conversion begins. The user is responsible for ensur-
ing the required acquisition time has passed between
selecting the desired input channel and setting the
GO/DONE bit. This occurs when the ACQT<2:0> bits
(ADCON2<5:3>) remain in their Reset state (‘000’) and
is compatible with devices that do not offer
programmable acquisition times.

If desired, the ACQT bits can be set to select a
programmable acquisition time for the A/D module.
When the GO/DONE bit is set, the A/D module continues
to sample the input for the selected acquisition time, then
automatically begins a conversion. Since the acquisition
time is programmed, there may be no need to wait for an
acquisition time between selecting a channel and setting
the GO/DONE bit.

In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. If an acquisition time is programmed, there is
nothing to indicate if the acquisition time has ended or
if the conversion has begun.

2.3 Selecting the A/D Conversion 
Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 11 TAD per 12-bit conversion.
The source of the A/D conversion clock is software
selectable. 

There are seven possible options for TAD: 

• 2 TOSC

• 4 TOSC

• 8 TOSC

• 16 TOSC

• 32 TOSC 
• 64 TOSC

• Internal RC Oscillator

For correct A/D conversions, the A/D conversion clock
(TAD) must be as short as possible but greater than the
minimum TAD.

Table 2-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 2-1: TAD vs. DEVICE OPERATING 
FREQUENCIES       

2.4 Configuring Analog Port Pins
The ADCON1, TRISA, TRISF and TRISH registers
control the operation of the A/D port pins. The port pins
needed as analog inputs must have their correspond-
ing TRIS bits set (input). If the TRIS bit is cleared
(output), the digital output level (VOH or VOL) will be
converted.

The A/D operation is independent of the state of the
CHS<3:0> bits and the TRIS bits. 

AD Clock Source (TAD) Maximum 
Device 

FrequencyOperation ADCS<2:0>

2 TOSC 000 2.86 MHz
4 TOSC 100 5.71 MHz
8 TOSC 001 11.43 MHz

16 TOSC 101 22.86 MHz
32 TOSC 010 40.0 MHz
64 TOSC 110 40.0 MHz

RC(2) x11    1.00 MHz(1)

Note 1: The RC source has a typical TAD time of 
4 μs.

2: For device frequencies above 1 MHz, the 
device must be in Sleep mode for the entire 
conversion or the A/D accuracy may be out 
of specification.

Note 1: When reading the PORT register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an
analog input. Analog levels on a digitally
configured input will be accurately
converted.

2: Analog levels on any pin defined as a
digital input may cause the digital input
buffer to consume current out of the
device’s specification limits.
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3.0 SPECIAL FEATURES OF THE 

CPU
3.1 Device ID Registers
The Device ID registers are “read-only” registers. They
identify the device type and revision for device
programmers and can be read by firmware using table
reads.

TABLE 3-1: DEVICE ID REGISTERS 

  

Note 1: This section documents only the CPU
features that are different from, or in addi-
tion to, the features of the PIC18F87J90
family devices.

2: For additional details on the Configuration
bits, refer to Section 24.1 “Configuration
Bits” in the “PIC18F87J90 Family Data
Sheet” (DS39933).

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default/

Unprogrammed
Value(1)

3FFFFEh DEVID1 DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0 xxxx xxxx(2)

3FFFFFh DEVID2 DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 10x1(2)

Legend: x = unknown, — = unimplemented. Shaded cells are unimplemented, read as ‘0’.
Note 1: Values reflect the unprogrammed state as received from the factory and following Power-on Resets. In all other Reset 

states, the configuration bytes maintain their previously programmed states.
2: See Register 3-1 and Register 3-2 for DEVID values. These registers are read-only and cannot be programmed by 

the user.
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REGISTER 3-1: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F87J93 FAMILY DEVICES

R R R R R R R R
DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0

bit 7 bit 0

Legend:
R = Read-only bit

bit 7-5 DEV<2:0>: Device ID bits
111 = PIC18F87J93
110 = PIC18F86J93
011 = PIC18F67J93
010 = PIC18F66J93

bit 4-0 REV<4:0>: Revision ID bits
These bits are used to indicate the device revision.

REGISTER 3-2: DEVID2: DEVICE ID REGISTER 2 FOR PIC18F87J93 FAMILY DEVICES 

R R R R R R R R
DEV10(1) DEV9(1) DEV8(1) DEV7(1) DEV6(1) DEV5(1) DEV4(1) DEV3(1)

bit 7 bit 0

Legend:
R = Read-only bit

bit 7-0 DEV<10:3>: Device ID bits(1)

These bits are used with the DEV<2:0> bits in the Device ID Register 1 to identify the part number.
0101 0000 = PIC18F87J93 family devices

Note 1: The values for DEV<10:3> may be shared with other device families. The specific device is always 
identified by using the entire DEV<10:0> bit sequence.
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FIGURE 4-1:  VOLTAGE-FREQUENCY GRAPH, REGULATOR ENABLED (INDUSTRIAL)(1)   

FIGURE 4-2:  VOLTAGE-FREQUENCY GRAPH, REGULATOR DISABLED (INDUSTRIAL)(1)    
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Note 1: When the on-chip regulator is enabled, its BOR circuit will automatically trigger a device Reset 
before VDD reaches a level at which full-speed operation is not possible.
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Note 1: When the on-chip voltage regulator is disabled, VDD and VDDCORE must be maintained so that 
VDDCORE ≤ VDD ≤ 3.6V.
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NOTES:
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APPENDIX C: CONVERSION 
CONSIDERATIONS

This appendix discusses the considerations for
converting from previous versions of a device to the
ones listed in this data sheet. Typically, these changes
are due to the differences in the process technology
used. An example of this type of conversion is from a
PIC16C74A to a PIC16C74B.

Not Applicable

APPENDIX D: MIGRATION FROM 
BASELINE TO 
ENHANCED DEVICES

This section discusses how to migrate from a Baseline
device (such as the PIC16C5X) to an Enhanced MCU
device (such as the PIC18FXXX).

The following are the list of modifications over the
PIC16C5X microcontroller family:

Not Currently Available
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READER RESPONSE
It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct.  If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager

RE: Reader Response
Total Pages Sent ________

From: Name

Company
Address
City / State / ZIP / Country

Telephone: (_______) _________ - _________

Application (optional):

Would you like a reply?       Y         N

Device: Literature Number: 

Questions:

FAX: (______) _________ - _________

DS39948APIC18F87J93 Family

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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