MICROCHIP

PIC18F97J94 FAMILY

8-Bit LCD Flash Microcontroller with USB and XL P Technology

eXtreme Low-Power Features

* Multiple Power Management Options for Extreme
Power Reduction:
- VBAT allows for lowest power consumption on
back-up battery (with or without RTCC)
- Deep Sleep allows near total power-down with the
ability to wake-up on external triggers
- Sleep and Idle modes selectively shut down
peripherals and/or core for substantial power
reduction and fast wake-up
» Alternate Clock modes Allow On-the-Fly Switching to
a Lower Clock Speed for Selective Power Reduction
» Extreme Low-Power Current Consumption for
Deep Sleep:
- WDT: 650 nA @ 2V typical
- RTCC: 650 nA @ 32 kHz, 2V typical
- Deep Sleep current, 80 nA typical

Universal Serial Bus Features

* USB V2.0 Compliant

* Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

« Supports Control, Interrupt, Isochronous and Bulk
Transfers

» Supports up to 32 Endpoints (16 bidirectional)

* USB module can use Any RAM Location on the
Device as USB Endpoint Buffers

* On-Chip USB Transceiver

Peripheral Features

» LCD Display Controller:
- Up to 60 segments by 8 commons
- Internal charge pump and low-power, internal
resistor biasing
- Operation in Sleep mode
» Up to Four External Interrupt Sources
» Peripheral Pin Select Lite (PPS-Lite):
- Allows independent I/O mapping of many
peripherals
» Four 16-Bit and Four 8-Bit Timers/Counters with
Prescaler
« Seven Capture/Compare/PWM (CCP) modules
» Three Enhanced Capture/Compare/PWM (ECCP)
modules:
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-shutdown and auto-restart
- Pulse steering control

» Hardware Real-Time Clock/Calendar (RTCC):
- Runs in Deep Sleep and VBAT modes
» Two Master Synchronous Serial Ports (MSSP)
modules Featuring:
- 3-Wire/4-Wire SPI (all 4 modes)
- SPI Direct Memory Access (DMA) channel
w/1024 byte count
- Two I2C modules Support Multi-Master/Slave
mode and 7-Bit/10-Bit Addressing
» Four Enhanced Addressable USART modules:
- Support RS-485, RS-232 and LIN/J2602
- On-chip hardware encoder/decoder for IrDA®
- Auto-wake-up on Auto-Baud Detect
« Digital Signal Modulator Provides On-Chip OOK,
FSK and PSK Modulation for a Digital Signal Stream
* High-Current Sink/Source 18 mA/18 mA on all Digital I/O
« Configurable Open-Drain Outputs on ECCP/CCP/
USART/MSSP
» Extended Microcontroller mode Using 12, 16 or
20-Bit Addressing mode

Analog Features

» 10/12-Bit, 24-Channel Analog-to-Digital (A/D)
Converter:
- Conversion rate of 500 ksps (10-bit),
200 kbps (12-bit)
- Conversion available during Sleep and Idle
» Three Rail-to-Rail Enhanced Analog Comparators
with Programmable Input/Output Configuration
* On-Chip Programmable Voltage Reference
* Charge Time Measurement Unit (CTMU):
- Used for capacitive touch sensing, up to
24 channels
- Time measurement down to 1 ns resolution
- CTMU temperature sensing

High-Performance CPU

» High-Precision PLL for USB

» Two External Clock modes, Up to 64 MHz
(16 MIPS®)

 Internal 31 kHz Oscillator

« High-Precision Internal Oscillator with Clock
Recovery from SOSC to Achieve 0.15% Precision,
31 kHz to 8 MHz or 64 MHz w/PLL,
+0.15% Typical, £1.5% Max.

» Secondary Oscillator using Timer1 @ 32 kHz

» C Compiler Optimized Instruction Set Architecture

* Two Address Generation Units for Separate Read
and Write Addressing of Data Memory

© 2012-2016 Microchip Technology Inc.
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PIC18F97J94 FAMILY

Special Microcontroller Features

» Operating Voltage Range of 2.0V to 3.6V

» Two On-Chip Voltage Regulators (1.8V and 1.2V) for
Regular and Extreme Low-Power Operation

» 20,000 Erase/Write Cycle Endurance Flash Program
Memory, Typical

» Flash Data Retention: 10 Years Minimum

» Self-Programmable under Software Control

» Two Configurable Reference Clock Outputs
(REFO1 and REFO2)

* In-Circuit Serial Programming™ (ICSP™)

» Fail-Safe Clock Monitor Operation:
- Detects clock failure and switches to on-chip,

low-power RC oscillator

TABLE 1: PIC18F97J94 FAMILY TYPES

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
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PIC18F97J94 100 | 128K 4K 4 4 2 3 Y 2 24 Y 480 Y Y Lite
PIC18F87J94 80 128K 4K 4 4 2 3 Y 2 24 Y 352 Y Y Lite
PIC18F67J94 64 128K 4K 4 4 2 3 Y 2 16 Y 224 Y Y Lite
PIC18F96J94 100 64K 4K 4 4 2 3 Y 2 24 Y 480 Y Y Lite
PIC18F86J94 80 64K 4K 4 4 2 3 Y 2 24 Y 352 Y Y Lite
PIC18F66J94 64 64K 4K 4 4 2 3 Y 2 16 Y 224 Y Y Lite
PIC18F95J94 100 32K 4K 4 4 2 3 Y 2 24 Y 480 Y Y Lite
PIC18F85J94 80 32K 4K 4 4 2 3 Y 2 24 Y 352 Y Y Lite
PIC18F65J94 64 32K 4K 4 4 2 3 Y 2 16 Y 224 Y Y Lite

contact your local sales office.
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PIC18F97J94 FAMILY

PIN DIAGRAMS

FIGURE 1: 64-PIN TQFP, QFN DIAGRAM FOR PIC18F6XJ94
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LCDBIAS2/RP29/WR/RE1[] 1 48 []VLcAP1/RP8/CTED13/INTO/RBO
LCDBIAS1/RP28/RD/REO[] 2 47 []VLcAP2/RPY/RBA1
COM4/SEG28/AN8/RP46/RGO[] 3 46 [] SEG9/RP14/CTED1/RB2
COMS5/SEG29/AN19/RP39/RG1[| 4 45 [1SEG10/RP7/CTED2/RB3
COMB/SEG30/AN18/C3INA/RP42/RG2[] 5 44 [ SEG11/RP12/CTED3/RB4
COM7/SEG31/AN17/C3INB/RP43/RG3[] 6 43 [7] SEG8/RP13/CTED4/RB5
MCLR[] 7 42 [ CTED5/PGC/RB6
SEG26/AN16/C3INC/RP44/RTCC/RG4A[] 8 PIC18F6XJ94 41 Jvss
Vss[] 9 40 [C] 0SC2/CLKO/RP6/RAG
Veap[C] 10 39 [[]1OSC1/CLKI/RP10/RA7
SEG25/AN5/RP38/RF7[] 11 38 [] VoD
SEG24/AN11/C1INA/RP40/RF6[] 12 37 [C]CTED6/PGD/RB7
SEG23/CVREF/AN10/C1INB/RP35/RF5[| 13 36 [ ] SEG12/RP16/CTED10/RC5
D+/RF4[| 14 35 [ ] SEG16/SDA1/RP17/CTED9/RC4
D-/RF3[] 15 34 []SEG17/SCL1/RP15/CTEDS/RC3
SEG20/AN7/CTMUI/C2INB/RP36/RF2[] 16 3 [1SEG13/AN9/RP11/CTED7/RC2
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SEG21/VREF-/AN2/RP2/RA2[|22
SEG19/ANO/AN1-/RPO/RAO[] 24
SEG22/RP19/CTED12/RC7 32,

SOSCO/SCLKI/PWRLCLK/RCO[]30

SEG15/AN4/LVDIN/C1INA/C2INA/C3INA/RP5/RA5 27

Note 1: Pinouts are subject to change.
2: See Table 2 for the pin allocation table.
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PIC18F97J94 FAMILY

FIGURE 2: 80-PIN TQFP DIAGRAM FOR PIC18F8XJ94
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Note 1:
2: SeeTa

Pinouts are subject to change.

ble 3 for the pin allocation table.

A18/SEGA45/AN21/RH2[] 1° 60 7] WRL/SEG34/RJ2
A19/SEG44/AN20/RH3[] 2 59 [JWRH/SEG35/RJ3
AD9/LCDBIASZ/RP29NE/RE1 3 58 [0 VLcAP1/RP8/CTED13/INTO/RBO
AD8/LCDBIAS1/RP28/RD/RE0] 4 57 [1VLcAP2/RPY/RB1
COM4/SEG28/AN8/RP46/RGO] 5 56 [1 SEG9/RP14/CTED1/RB2
COMS5/SEG29/AN19/RP39/RG1] 6 55 ] SEG10/RP7/CTED2/RB3
COMB6/SEG30/AN18/C3INA/RP42/RG2[] 7 54 [ SEG11/RP12/CTED3/RB4
COM7/SEG31/AN17/C3INB/RP43/RG3[]| 8 53 [ SEG8/RP13/CTED4/RB5
MCLR[] 9 52 [ CTED5/PGC/RB6
SEG26/AN16/C3INC/RP44/RTCC/RG4[] 10 PIC18F8XJ94 2(1) [1Vss
Vss[] 11 [] OSC2/CLKO/RP6/RA6
Veap[] 12 49 [ OSC1/CLKI/RP10/RA7
SEG25/AN5/RP38/RF7[] 13 48 [ Vop
SEG24/AN11/C1INA/RP40/RF6 [ 14 47 [ CTED6/PGD/RB7
SEG23/CVREF/AN10/C1INB/RP35/RF5[] 15 46 [ SEG12/RP16/CTED10/RC5
D+/RF4[| 16 45 [ SEG16/SDA1/RP17/CTED9/RC4
D-/RF3[] 17 44 [ SEG17/SCL1/RP15/CTED8/RC3
SEG20/AN7/C2INB/RP36/RF2[] 18 43 [ SEG13/AN9/RP11/CTED7/RC2
SEG43/AN15/RH7[] 19 42 [ UB/SEG36/RJ7
SEG42/AN14/C1INC/RH6[] 20 41 [ B/SEG37/RJ6
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PIC18F97J94 FAMILY

FIGURE 3: 100-PIN TQFP DIAGRAM FOR PIC18F9XJ94
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A19/SEG44/AN20/RH3[] 2 74 JWRH/SEG35/RJ3
AD9/LCDBIAS2/RP29/WR/RE1[] 3 73[1VLcAP1/RP8/CTED13/INTO/RBO
ADB8/LCDBIAS1/RP28/RD/RE0 ] 4 72[1VLCcAP2/RPY/RB1
Vbb[] 5 71 [—1DDIO1/SEG61/RK5
COM4/SEG28/AN8/RP46/RGO[] 6 70 [1SEG9/RP14/CTED1/RB2
COMS5/SEG29/AN19/RP39/RG1 ] 7 69 [1SEG10/RP7/CTED2/RB3
COMB6/SEG30/AN18/C3INA/RP42/RG2[] 8 68 [ 1SEG11/RP12/CTED3/RB4
COM7/SEG31/AN17/C3INB/RP43/RG3[] 9 67 [SEG8/RP13/CTED4/RB5
SEG49/RL1C]10 66 [1DDIO0/SEG60/RK4
MCLR[] 11 65 CTED5/PGC/RB6
SEG26/AN16/C3INC/RP44/RTCC/RG4 {12 64 [1Vss
SEG50/RL2[] 13 PIC18F9XJ94 63 [ 1SEG59/RK3
Vss[]14 62 [10SC2/CLKO/RP6/RA6
VcAarP ] 15 61[—OSC1/CLKI/RP10/RA7
SEG51/RL3[] 16 60 [SEG58/RK2
SEG25/AN5/RP38/RF7 ] 17 59 [1VbD
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SEG23/CVREF/AN10/C1INB/RP35/RF5[] 19 57 [1SEG12/RP16/CTED10/RC5
D+/RF4[] 20 56 [ _1SEG16/SDA1/RP17/CTED9/RC4
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SEG43/AN15/RH7 [ 24 52 1UB/SEG36/RJ7
SEG42/AN14/C1INC/RH6 ] 25 51 [JLB/SEG37/RJ6
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Note 1: Pinouts are subject to change.
2: See Table 4 for the pin allocation table.
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PIN ALLOCATION TABLES

TABLE 2: 64-PIN ALLOCATION TABLE (PIC18F6XJ94)
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RAO 24 | ANO/ = = = = SEG19 — — — RPO | — =
AN1-
RA1 23 | AN1 — — — — SEG18 — — — — RP1 | — —
RA2 22 | AN2/ = = = = SEG21 = = = = RP2 | — =
VREF-
RA3 21| AN3/ — — — — — — — — — RP3 | — —
VREF+
RA4 28 | AN6 = = = = SEG14 = = = = RP4 | — =
RA5 27 | AN4 | C1INA/ | LVDIN — — SEG15 — — — — RP5 | — —
C2INA/
C3INA
RA6 40 = = = = = = = = = = RP6 | — | 0Osc2/
CLKO
RA7 39 — — — — — — — — — — RP10 | — | oOsc1/
CLKI
RBO 48 = = — |CTED13| — VLCAP1 = = INTO = RP8 | — =
RB1 47 — — — — — VLCAP2 — — — — RP9 | — —
RB2 46 = = = CTED1 = SEG9 = = = = RP14 | — =
RB3 45 — — — CTED2 — SEG10 — — — — RP7 | — —
RB4 44 = = = CTED3 = SEG11 = = = = RP12 | — =
RB5 43 — — — CTED4 — SEG8 — — — — RP13 | — —
RB6 42 = = = CTED5 = = = = = = = = PGC
RB7 37 — — — CTED6 — — — — — — — — PGD
RCO 30 = = = = = = = = = = = — | soscor/
SCKI/
PWRCLK
RC1 29 — — — — — — — — — — — — | soscl
RC2 33 | AN9 — = CTED7 = SEG13 = = = = RP11 | — =
RC3 34 — — — CTED8 — SEG17 SCL1 — — — RP15 | — —
RC4 35| — — — CTED9 = SEG16 SDA1 = = = RP17 | — =
RC5 36 — — — |cTED10| — SEG12 — — — — RP16 | — —
RC6 31 — — — | CTED11| UOE SEG27 = = = = RP18 | — =
RC7 32 — — — |CcTED12| — SEG22 — — — — RP19 | — —
RDO 58 — — — — — SEGO — PSPO = = RP20 | Y =
RD1 55 — — — — — SEGH1 — PSP1 — — RP21 | Y —
RD2 54 = = = = = SEG2 = PSP2 = = RP22 | Y =
RD3 53 — — — — — SEG3 — PSP3 — — RP23 | Y —
RD4 52 = = = = = SEG4 = PSP4 = = RP24 | Y =
RD5 51 — — — — — SEG5 SDA2 | PSP5 — — RP25 | Y —
RD6 50 — — — — — SEG6 SCL2 | PSP6 = = RP26 | Y =
RD7 49 — — — — — SEG7 — PSP7 — |REFO2| RP27 | Y —
REO 2 — — — — — LCDBIAS1 — RD — — RP28 | Y —
RE1 1 — — — — — LCDBIAS2 — WR — — RP29 | Y —
RE2 64 = = = = = LCDBIAS3 = [ — — RP30 | Y —
RE3 63 — — — — — COMO — — — |REFO1| RP33 | Y —
RE4 62 = = = = = COM1 = = = = RP32 | Y =
RE5 61 — — — — — COM2 — — — — RP37 | Y —

DS30000575C-page 6
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PIC18F97J94 FAMILY

TABLE 2: 64-PIN ALLOCATION TABLE (PIC18F6XJ94) (CONTINUED)
4
L 13
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RE6 60 — — — — — COM3 — — — RP34 Y —
RE7 59 — — — — — LCDBIASO — — — — RP31 Y —
RF2 16 AN7 C2INB — CTMUI — SEG20 — — — — RP36 Y —
RF3 15 — — — — D- — — — — — — Y —
RF4 14 — — — — D+ — — — — — — Y —
RF5 13 | AN10 | C1INB/ — — — SEG23 — — — — RP35 Y —
CVREF
RF6 12 | ANT1 C1INA — — — SEG24 — — — — RP40 Y —
RF7 1 AN5 — — — — SEG25 — — — — RP38 Y —
RGO 3 AN8 — — — — COMm4/ — — — — RP46 Y —
SEG28
RG1 4 AN19 — — — — COMS5/ — — — — RP39 Y —
SEG29
RG2 5 AN18 | C3INA — — — COMe6/ — — — — RP42 Y —
SEG30
RG3 6 AN17 | C3INB — — — COM7/ — — — — RP43 Y —
SEG31
RG4 AN16 | C3INC — — — SEG26 — — — — RP44 Y —
RG5/ — — — — — — — — — — — Y MCLR
MCLR
AVDD 19 | AVDD — — — — — — — — — — — —
AVss 20 | AVSS — — — — — — — — — — — —
VBAT 18 — — — — — — — — — — — — VBAT
Vcap/ 10 — — — — — — — — — — — — Vcap/
VDDCORE VDDCORE
VDD 26, — — — — — — — — — — — — VDD
38,
57
Vss 9, — — — — — — — — — — — — Vss
25,
41,
56
VusB3v3 17 — — — — — — — — — — — — | VusB3v3
Note 1: The peripheral inputs and outputs that support PPS have no default pins.

© 2012-2016 Microchip Technology Inc.
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PIC18F97J94 FAMILY

TABLE 3: 80-PIN ALLOCATION TABLE (PIC18F8XJ94)
% ‘g o o s o sﬂ’ Q o
o | S |8 8|3 |E |88 |g|%8 5|8 8|3 2 :
5 ez |5 2| = |2 gl g |8 |F &
2 o _ o
RAO 30 ANO/ — — — SEG19 — — — — — RPO — —
AN1-
RA1 29 AN1 — — — — SEG18 — — — — — RP1 — —
RA2 28 AN2/ — — — — SEG21 — — — — — RP2 — —
VREF-
RA3 27 | AN3/ — — — — — — — — — — RP3 | — —
VREF+
RA4 34 ANG6 — — — — SEG14 — — — — — RP4 — —
RAS5 33 AN4 | C1INA/ | LVDIN — — SEG15 — — — — — RP5 — —
C2INA/
C3INA
RA6 50 = = = = = = = = = = — | RrRPe | — | oscz
CLKO
RA7 49 — — — — — — — — — — — | RP10 | — | osc
CLKI
RBO 58 — — — CTED13 — VLCAP1 — — INTO — — RP8 — —
RB1 57 — — — — — VLCAP2 — — — — — RP9 — —
RB2 56 — — — CTED1 — SEG9 — — — — — RP14 | — —
RB3 55 — — — CTED2 — SEG10 — — — — — RP7 — —
RB4 54 — — — CTED3 — SEG11 — — — — — RP12 | — —
RB5 53 — — — CTED4 — SEG8 — — — — — RP13 | — —
RB6 52 — — — CTED5 — — — — — — — — — PGC
RB7 47 — — — CTEDG6 — — — — — — — — — PGD
RCO 36 — — — — — — — — — — — — — | SOSCO/
SCKI/
PWRCLK
RC1 35 — — — — — — — — — — — — — SOSCI
RC2 43 AN9 — — CTED7 — SEG13 — — — — — RP11 — —
RC3 44 — — — CTEDS8 — SEG17 SCL1 — — — — RP15 | — —
RC4 45 — — — CTED9 — SEG16 SDA1 — — — — RP17 | — —
RC5 46 — — — CTED10 — SEG12 — — — — — RP16
RC6 37 — — — CTED11 | UOE SEG27 — — — — — RP18 | — —
RC7 38 — — — CTED12 — SEG22 — — — — — RP19 | — —
RDO 72 — — — — — SEGO — PSPO — — ADO RP20 Y —
RD1 69 — — — — — SEG1 — PSP1 — — AD1 RP21 Y —
RD2 68 — — — — — SEG2 — PSP2 — — AD2 RP22 Y —
RD3 67 SEG3 PSP3 AD3 RP23 Y —
RD4 66 — — — — — SEG4 — PSP4 — — AD4 RP24 Y —
RD5 65 — — — — — SEG5 SDA2 | PSP5 — — AD5 RP25 Y —
RD6 64 — — — — — SEG6 SCL2 | PSP6 — — AD6 RP26 Y —
RD7 63 — — — — — SEG7 — PSP7 — REFO2 | AD7 RP27 Y —
REO — — — — — LCDBIAS1 — RD — — AD8 RP28 Y —
RE1 3 — — — — — LCDBIAS2 — WR — — AD9 RP29 Y —
RE2 78 — — — — — LCDBIAS3 — [ — — AD10 | RP30 Y —
RE3 77 — — — — — COMO — — — REFO1 | AD11 RP33 Y —
RE4 76 — — — — — COM1 — — — — AD12 | RP32 Y —
RES5 75 — — — — — COM2 — — — — AD13 | RP37 Y —
RE6 74 — — — — — COM3 — — — — AD14 | RP34 Y —
RE7 73 — — — — — LCDBIASO — — — — AD15 | RP31 Y —
RF2 18 AN7 C2INB CTMUI SEG20 — — — — — RP36 Y —

DS30000575C-page 8
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TABLE 3: 80-PIN ALLOCATION TABLE (PIC18F8XJ94) (CONTINUED)
o - —_
& £ & S | e
o o 2 o > (©] 2 5 L
o =18 s | > = a 8 o | S| 2|l | 25 2| @
= E < Q. - | - S o (2] o ) w T 3 @©
a £ T (& = - (2 w o | g o
1 ° —
b o o
RF3 17 — — — D- — — — — — — — Y —
RF4 16 — — — — D+ — — — — — — — —
RF5 15 AN10 | C1INB/ — — — SEG23 — — — — — RP35 | Y —
CVREF
RF6 14 AN11 | C1INA — — — SEG24 — — — — — RP40 | Y —
RF7 13 AN5 — — — — SEG25 — — — — — RP38 | Y —
RGO 5 AN8 — — — — CcOom4/ — — — — — RP46 | Y —
SEG28
RG1 6 AN19 — — — — COM5/ — — — — — RP39 | Y —
SEG29
RG2 7 AN18 | C3INA — — — COMe6/ — — — — — RP42 | Y —
SEG30
RG3 8 AN17 | C3INB — — — cowm7/ — — — — — RP43 | Y —
SEG31
RG4 10 AN16 | C3INC — — — SEG26 — — — — — RP44 | Y —
RG5/ 9 — — — — — — — — — — — — Y MCLR
MCLR
RHO 79 AN23 — — — — SEG47 — — — — A16 — Y —
RH1 80 AN22 — — — — SEG46 — — — — A17 — Y —
RH2 AN21 — — — — SEG45 — — — — A18 — Y —
RH3 2 AN20 — — — — SEG44 — — — — A19 — Y —
RH4 22 AN12 | C2INC — — — SEG40 — — — — — — Y —
RH5 21 AN13 | C2IND — — — SEG41 — — — — — — Y —
RH6 20 AN14 | C1INC — — — SEG42 — — — — — — Y —
RH7 19 AN15 — — — — SEG43 — — — — — — Y —
RJO 62 — — — — — SEG32 — — — — ALE — Y —
RJ1 61 — — — — — SEG33 — — — — OE — Y —
RJ2 60 — — — — — SEG34 — — — — WRL — Y —
RJ3 59 — — — — — SEG35 — — — — WRH — Y —
RJ4 39 — — — — — SEG39 — — — — BAO — Y —
RJ5 40 — — — — - SEG38 — — — — CE — Y —
RJ6 41 — — — — — SEG37 — — — — LB — Y —
RJ7 42 — — — — — SEG36 — — — — uB — Y —
AVDD 25 AVDD — — — — — — — — — — — — —
AVss 26 AVss — — — — — — — — — — — — —
VBAT 24 — — — — — — — — — — — — — VBAT
Vcap/ 12 — — — — — — — — — — — — — Vcap/
VDDCORE VDDCORE
VoD 32,48, — — — — — — — — — — — — — VDD
71
Vss 11,31, — — — — — — — — — — — — — Vss
51,70
VusB3v3 23 — — — — — — — — — — — — — | VusB3v3
Note 1: The peripheral inputs and outputs that support PPS have no default pins.

© 2012-2016 Microchip Technology Inc.
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TABLE 4: 100-PIN ALLOCATION TABLE (PIC18F9XJ94)
o
w S - <
it Q. ~
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2
RAO 37 ANO/ — — — SEG19 — — — — — RPO | —
AN1-
RA1 36 AN1 — — — — SEG18 — — — — — RP1 — —
RA2 34 AN2/ — — — — SEG21 — — — — — RP2 | — —
VREF-
RA3 33 | AN3 | — — — — — — — — — — RP3 | — —
VREF+
RA4 43 ANG6 — — — — SEG14 — — — — — RP4 | — —
RA5 42 AN4 C1INA/ | LVDIN — — SEG15 — — — — — RP5 | — —
C2INA/
C3INA
RA6 62 — — — — — — — — — — — RP6 |— | osc2
CLKO
RA7 61 — — — — — — — — — — — | RrRP10 |—| oscu
CLKI
RBO 73 — — — CTED13 — VLCAP1 — — INTO — — RP8 | — —
RB1 72 — — — — — VLCAP2 — — — — — RP9 | — —
RB2 70 — — — CTED1 — SEG9 — — — — — RP14 | — —
RB3 69 — — — CTED2 — SEG10 — — — — — RP7 | — —
RB4 68 — — — CTED3 — SEG11 — — — — — RP12 | — —
RB5 67 — — — CTED4 — SEG8 — — — — — RP13 | — —
RB6 65 — — — CTED5 — — — — — — — — — PGC
RB7 58 — — — CTEDG6 — — — — — — — — — PGD
RCO 45 — — — — — — — — — — — — — | SOSCO/
SCKI/
PWRCLK
RC1 44 — — — — — — — — — — — — | SOSCI
RC2 53 AN9 — — CTED7 — SEG13 — — — — — RP11 | — —
RC3 54 — — — CTEDS8 — SEG17 SCL1 — — — — RP15 | — —
RC4 56 — — — CTED9 — SEG16 SDA1 — — — — RP17 | — —
RC5 57 — — — CTED10 — SEG12 — — — — — RP16 | — —
RC6 47 — — — CTED11 UOE SEG27 — — — — — RP18 | — —
RC7 48 — — — CTED12 — SEG22 — — — — — RP19 | — —
RDO 90 — — — — — SEGO — PSPO — — ADO RP20 | Y —
RD1 86 — — — — — SEG1 — PSP1 — — AD1 RP21 | Y —
RD2 84 — — — — — SEG2 — PSP2 — — AD2 RP22 | Y —
RD3 83 — — — — — SEG3 — PSP3 — — AD3 RP23 | Y —
RD4 82 — — — — — SEG4 — PSP4 — — AD4 RP24 | Y —
RD5 81 — — — — — SEG5 SDA2 | PSP5 — — AD5 RP25 | Y —
RD6 79 — — — — — SEG6 SCL2 PSP6 — — AD6 RP26 | Y —
RD7 78 — — — — — SEG7 — PSP7 — REFO2 | AD7 RP27 | Y —
REO — — — — — LCDBIAS1 — RD-bar — — AD8 RP28 | Y —
RE1 — — — — — LCDBIAS2 — WR- — — AD9 RP29 | Y —
bar
RE2 98 — — — — — LCDBIAS3 — CS-bar — — AD10 RP30 | Y —
RE3 97 — — — — — COMO — — — REFO1 | AD11 RP33 | Y —
RE4 95 — — — — — COM1 — — — — AD12 RP32 | Y —
RE5 94 — — — — — COM2 — — — — AD13 RP37 | Y —
RE6 93 — — — — — COM3 — — — — AD14 RP34 | Y —
RE7 92 — — — — — LCDBIASO — — — — AD15 RP31 | Y —

DS30000575C-page 10
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TABLE 4: 100-PIN ALLOCATION TABLE (PIC18F9XJ94) (CONTINUED)
& s 5 S
© Q. [) Q.
o |:|8 |8 |5|E 8|8 |8 | |E 8|28 3| %
o < £ T (&) = - = o -g T w g-) 2 o
8 3 = a
e
RF2 23 AN7 [canB [ — | cTMul — SEG20 — — — — — RP36 | Y —
RF3 22 — — — — D- — — — — — — — |y —
RF4 20 — — — — D+ — — — — — — |y —
RF5 19 | AN10 | C1INB/ | — — — SEG23 — — — — — RP35 | Y —
CVREF
RF6 18 AN11 | C1INA | — = = SEG24 = = = = = RP40 | Y =
RF7 17 AN5 — — — — SEG25 — — — — — RP38 | Y —
RGO 6 ANS — — — — Ccom4/ — = = = = RP46 | Y =
SEG28
RG1 7 AN19 — — — — COMS5/ — — — — — RP39 | Y —
SEG29
RG2 8 AN18 | C3INA | — = = COM6/ = = = = = RP42 | Y =
SEG30
RG3 9 AN17 | C3INB | — — — COM7/ — — — — — RP43 | Y —
SEG31
RG4 12 | AN16 | C3INC | — — — SEG26 — — — — — RP44 | Y —
RG5/ " — — — — — — — — — — — — | Y| MCLR
MCLR
RG6 89 — — — — — — — — — — — — |Y —
RG7 96 — — — — — — — — — — — — |y —
RHO 99 | AN23 — — = = SEG47 = = = = A16 — |y =
RH1 100 | AN22 — — — — SEG46 — — — — A17 — |y —
RH2 1 AN21 = = = = SEG45 = = = = A18 — |y —
RH3 2 AN20 — — — — SEG44 — — — — A19 — |y —
RH4 27 | AN12 | C2INC | — = = SEG40 — — — — — — |y —
RH5 26 | AN13 | C2IND | — — — SEG41 — — — — — — |y —
RH6 25 | AN14 | CIINC | — = = SEG42 = = = = = — |y =
RH7 24 | AN15 — — — — SEG43 — — — — — — |y —
RJO 77 — — — = = SEG32 = = = = ALE — |y =
RJ1 76 — — — — — SEG33 — — — — OE — |y —
RJ2 75 — — — — — SEG34 — — — — WRL — Y —
RJ3 74 — — — — — SEG35 — — — — WRH — |y —
RJ4 49 — — — — — SEG39 — — — — BAO — |y —
RJ5 50 — — — — — SEG38 — — — — CE — |y —
RJ6 51 — — — — — SEG37 — — — — LB — Y —
RJ7 52 — — — — — SEG36 — — — — uB — |y —
RKO 46 — — — — — SEG56 — — — — — — |y —
RKA1 55 — — — — — SEGS57 — — — — — — |y —
RK2 60 — — — — — SEG58 — — — — — — |y —
RK3 63 — — — — — SEG59 — — — — — — |y —
RK4 66 — — — — — SEG60 — — — — — — |y —
RK5 71 — — — — — SEG61 — — — — — — |y —
RK6 80 — — — — — SEG62 — — — = = — |Y =
RK7 85 — — — — — SEG63 — — — — — — |y —
RLO 91 — — — — — SEG48 — — — — — — |y —
RL1 10 — — — — — SEG49 — — — — — — |y —
RL2 13 = = — — — SEG50 — — — — — — |Y —
RL3 16 — — — — — SEG51 — — — — — — |y —
RL4 21 = = = = = SEG52 = — — — — — |y —
RL5 30 — — — — — SEGS53 — — — — — — |y —

© 2012-2016 Microchip Technology Inc.
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TABLE 4: 100-PIN ALLOCATION TABLE (PIC18F9XJ94) (CONTINUED)

o

3 § 2 S ol

et o [a] =) o S o 2 S o

o |2 |8 |8 |5 |2 /8| 8 |g|s|2| 22|32 4
= & < 2 T = > ur| g o o u w » |3 @

& § © E o |&

=] (&) o

-
RL6 38 — — — — SEG54 — — — — — — Y —
RL7 41 — — — — — SEG55 — — — — — — Y —
AVDD 31 AVDD — — — — — — — — — _ — _
AVss 32 AVss — — — — — — — — — — _ _ _
VBAT 29 = = = = = = — — — — — — — VBAT
Veap/ 15 — — — — — — — — — — — — — | Vear/
VDDCORE VDDCORE
VDD 5, 40, — — — — — — — — — — — — — VDD

59, 88
Vss 14, 35, — — — — — — — — — — — — — Vss
39, 64,

87
VusB3v3 28 — — — — — — — — — — — — — | VusB3v3
Note 1: The peripheral inputs and outputs that support PPS have no default pins.

DS30000575C-page 12

© 2012-2016 Microchip Technology Inc.




PIC18F97J94 FAMILY

Table of Contents

T.0 DBVICE OVEIVIEW ...ttt ettt h e b e e et et oo b e s b e st e eh b e a e e b e e e b e ea b e e be e e s e sh e she e e e e ae e nees 15
2.0 Guidelines for Getting Started with PIC18FJ MICrOCONTIOIETS ........c.eoiuiiiiiiiiiieii it 36
3.0 OSCIllator CONFIGUIATIONS ... ..eiiiiieie ittt e bt e e e bttt eea et e ea et e e st e e s b et e ekt e e eh bt e e eabe e e et e e e s bt et e esneeesneeeannnes 41

4.0 Power-Managed Modes ...
5.0

(SO V(=104 Lo A @ (o =T 4= 11 o] PSSO UPPPPPRPN
7.0 FIaSh Program IMEIMOIY .........eeii ittt ettt et e e e eh e £ 4kt e 22 s st e e 1t e e 42t bt e o1kttt e e ks et e ase e e e et et esn e e e b ee e e nbeeenanneeenas
8.0 EXIEINAI MEIMOIY BUS ...ttt ettt ettt a ettt ea e et ekt e a et et e e e e e eh e e eh e ea e e et et e be e enteenan e et e e eanes
9.0 8 x 8 Hardware Multiplier.. .
OO [0 =Y VT ) PSR RSSUPRSPPPE
L O VL@ o 4 TS U O U S P T O PO PPORPPPTRUPUPPRPPRN
12.0 Data Signal Modulator...........ccccceveeeennnee

13.0 Liquid Crystal Display (LCD) Controller..

14.0 TimerO Module .......cccoiiiiiiniiiiiiics ... 280
15.0 TIMEIT/3/5 MOTUIES ...ttt h e s b s eh e s h e e e et e e b e s s e e e e e bt sh e e sat e siaeebeesan e 283
16.0 TIMEI2/4/6/8 MOTUIES.......coueiiiieeie ettt et et ettt e h ettt e a ekt e sttt et ekt eh etk h e eates e nb e e e e ereenneane e e nreas 293
17.0 Real-Time Clock and Calendar (RTCC).........c.cceeuee. ... 295
18.0 Enhanced Capture/Compare/PWM (ECCP) Module.. ... 315
19.0 Capture/Compare/PWM (CCP) Modules ................... ... 336
20.0 Master Synchronous Serial Port (MSSP) MOTUIE ..........oooiiiiiiiii ettt 347
21.0 Enhanced Universal Synchronous Asynchronous Receiver Transmitter (EUSART) .....cooiiiiiiiiiiiiii e 406
22.0 12-Bit A/D Converter with Threshold Scan
23.0 COMPATAtOr MOGUIE..........eiiiii ittt ettt a e ettt e ae et eeae e e et e bt e e et e s et e et e ek bt e eh e ee e e eteeeabeebeeenbeenaneeneeeeenes
24.0 Comparator Voltage ReferenCe MOAUIE ............ooiiiiiiii ettt ee et e e sbe e e e e e eaae e eree e
25.0 High/LOW-VOIAGE DELECE (HLVD) ... .ttt ettt ettt e et e e et e e e ekttt e et e et e et et e e eate e e aanbe e e abeeenanneeenas

26.0 Charge Time Measurement Unit (CTIMU)..........oouiiiiiioi ettt e ettt ettt eh e e ettt et e e e nreeneee s
27.0 Universal Serial Bus (USB)
28.0 Special FEatUres Of the CPU ... ..ottt e e e e et e e e e e s s bttt ee e s e s saebeeeaeeeeansseeeaeeseansaeeeeaeeeannssneeaeess
29.0  INSTIUCION SEE SUMMEAIY ...ttt ettt ea et e et e eh e et e e eat e e e bt e bt e e b et e et e et e e et benreeseteeseneebeenaneenne
30.0 Electrical Specifications....

31.0 Development SUPPOrt.......cccoveiiiiiiieeeeiiiiiieeeeee

32.0 DC and AC Characteristics Graphs and Charts ..

X MO - Tod (= To [ o l T (o] 41 T= 11 (o] PO PSSO U PSP UPPPPTPPPN 653
APPENIX Al REVISION HISTOIY ... .ttt ettt ettt e e bttt e e e bttt e ea b e e e et e e e et et e e bt e eassee e e snee e s aeneeenaneeas 667
The Microchip Website..............c....... . 668
Customer Change Notification Service .. . 668
Customer Support.......ccceeeecvveeeeeeennnne ... 668
Product IdentifiCation SYSTEM ........ooiiiii ettt ettt h e bt ettt ettt et r e e et 669

© 2012-2016 Microchip Technology Inc. DS30000575C-page 13



PIC18F97J94 FAMILY

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Website at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Website; http://www.microchip.com

» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our website at www.microchip.com to receive the most current information on all of our products.

DS30000575C-page 14 © 2012-2016 Microchip Technology Inc.
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1.0 DEVICE OVERVIEW

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

+ PIC18F97J94 + PIC18F66J94
» PIC18F87J94 + PIC18F95J94
+ PIC18F67J94 + PIC18F85J94
+ PIC18F96J94 + PIC18F65J94

PIC18F86J94

This family introduces a new line of low-voltage LCD
microcontrollers with Universal Serial Bus (USB). It
combines all the main traditional advantage of all
PIC18 microcontrollers, namely, high computational
performance and a rich feature set at an extremely
competitive price point. These features make the
PIC18F9XJ94 family a logical choice for many high-
performance applications, where cost is a primary
consideration.

1.1 Core Features

1.1.1 TECHNOLOGY

All of the devices in the PIC18F9XJ94 family incorporate
a range of features that can significantly reduce power
consumption during operation. Key items include:

« Alternate Run Modes: By clocking the controller
from the Timer1 source or the Internal RC oscilla-
tor, power consumption during code execution
can be reduced.

* Multiple Idle Modes: The controller can also run
with its CPU core disabled but the peripherals still
active. In these states, power consumption can be
reduced even further.

* On-the-Fly Mode Switching: The power-managed
modes are invoked by user code during operation,
allowing the user to incorporate power-saving ideas
into their application’s software design.

* XLP: An extra low-power Sleep, BOR, RTCC and
Watchdog Timer.

1.1.2 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC18F9XJ94 family offer differ-
ent oscillator options, allowing users a range of choices
in developing application hardware. These include:

» Two Crystal modes (HS, MS)

* One External Clock mode (EC)

» A Phase Lock Loop (PLL) frequency multiplier,
which allows clock speeds of up to 64 MHz.

+ Afast Internal Oscillator (FRC) block that provides
an 8 MHz clock (+0.15% accuracy) with Active
Clock Tuning (ACT) from USB or SOSC source.

- Offers multiple divider options from 8 MHz to
500 kHz

- Frees the two oscillator pins for use as
additional general purpose I/O
» A separate Low-Power Internal RC Oscillator
(LPRC) (31 kHz nominal) for low-power, timing-
insensitive applications.

The internal oscillator block provides a stable reference
source that gives the family additional features for
robust operation:

+ Fail-Safe Clock Monitor (FSCM): This option
constantly monitors the main clock source against a
reference signal provided by the internal oscillator.
If a clock failure occurs, the controller is switched to
the internal oscillator, allowing for continued low-
speed operation or a safe application shutdown.

* Two-Speed Start-up (IESO): This option allows
the internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

© 2012-2016 Microchip Technology Inc.
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1.1.3 MEMORY OPTIONS

The PIC18F9XJ94 family provides ample room for
application code, from 32 Kbytes to 128 Kbytes of code
space. The Flash cells for program memory are rated
to last up to 20,000 erase/write cycles. Data retention
without refresh is conservatively estimated to be
greater than 10 years.

The Flash program memory is readable and writable.
During normal operation, the PIC18F9XJ94 family also
provides plenty of room for dynamic application data
with up to 3,578 bytes of data RAM.

1.1.4 UNIVERSAL SERIAL BUS (USB)

Devices in the PIC18F9XJ94 family incorporate a fully-
featured USB communications module with a built-in
transceiver that is compliant with the USB Specification
Revision 2.0. The module supports both low-speed and
full-speed communication for all supported data trans-
fer types.

1.1.5 EXTERNAL MEMORY BUS

Should 128 Kbytes of memory be inadequate for an
application, the 80-pin and 100-pin members of the
PIC18F9XJ94 family have an External Memory Bus
(EMB), enabling the controller's internal Program
Counter to address a memory space of up to 2 Mbytes.
This is a level of data access that few 8-bit devices can
claim and enables:

» Using combinations of on-chip and external
memory of up to 2 Mbytes

» Using external Flash memory for reprogrammable
application code or large data tables

» Using external RAM devices for storing large
amounts of variable data

1.1.6 EXTENDED INSTRUCTION SET

The PIC18F9XJ94 family implements the optional
extension to the PIC18 instruction set, adding eight
new instructions and an Indexed Addressing mode.
Enabled as a device configuration option, the extension
has been specifically designed to optimize re-entrant
application code originally developed in high-level
languages, such as ‘C’.

1.1.7 EASY MIGRATION

All devices share the same rich set of peripherals. This
provides a smooth migration path within the device
family as applications evolve and grow.

The consistent pinout scheme, used throughout the
entire family, also aids in migrating to the next larger
device. This is true when moving between the 64-pin
members, between the 80-pin members, between the
100-pin members or even jumping from 64-pin to 80-
pin to 100-pin devices.

The PIC18F9XJ94 family is also largely pin compatible
with other PIC18 families, such as the PIC18F87J90,
PIC18F87J11 and the PIC18F87J50. This allows a new
dimension to the evolution of applications, allowing
developers to select different price points within
Microchip’s PIC18 portfolio, while maintaining a similar
feature set.

1.2 LCD Controller

The on-chip LCD driver includes many features that
make the integration of displays in low-power applica-
tions easier. These include an integrated voltage regu-
lator with charge pump and an integrated internal
resistor ladder that allows contrast control in software
and display operation above device VDD.

DS30000575C-page 16
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1.3 Other Special Features

Communications: The PIC18F9XJ94 family
incorporates a range of serial communication
peripherals, including USB, four Enhanced
Addressable USARTs with IrDA, and two Master
Synchronous Serial Port MSSP modules capable
of both SPI and 12C (Master and Slave) modes of
operation.
CCP Modules: PIC18F9XJ94 family devices
incorporate up to seven Capture/Compare/PWM
(CCP) modules. Up to six different time bases can
be used to perform several different operations at
once.
ECCP Modules: The PIC18F9XJ94 family has
three Enhanced CCP (ECCP) modules to
maximize flexibility in control applications:
- Up to eight different time bases for

performing several different operations at

once
- Up to four PWM outputs for each module —

for a total of 12 PWMs

- Other beneficial features, such as polarity
selection, programmable dead time, auto-
shutdown and restart, and Half-Bridge and
Full-Bridge Output modes

12-Bit A/D Converter: The PIC18F9XJ94 family
has a software selectable, 10/12-bit
Analog-to-Digital (A/D) Converter. It incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period, and
thus, reducing code overhead.

Charge Time Measurement Unit (CTMU): The
CTMU is a flexible analog module that provides
accurate differential time measurement between
pulse sources, as well as asynchronous pulse
generation.

Together with other on-chip analog modules, the
CTMU can precisely measure time, measure
capacitance or relative changes in capacitance, or
generate output pulses that are independent of
the system clock.

LP Watchdog Timer (WDT): This enhanced
version incorporates a 22-bit prescaler, allowing
an extended time-out range that is stable across
operating voltage and temperature. See

Section 30.0 “Electrical Specifications” for
time-out periods.

Real-Time Clock and Calendar Module
(RTCC): The RTCC module is intended for appli-
cations requiring that accurate time be maintained
for extended periods of time, with minimum to no
intervention from the CPU.

The module is a 100-year clock and calendar with
automatic leap year detection. The range of the
clock is from 00:00:00 (midnight) on January 1,
2000 to 23:59:59 on December 31, 2099.

1.4 Details on Individual Family
Members

Devices in the PIC18F9XJ94 family are available in 64-
pin, 80-pin and 100-pin packages. Block diagrams for
the two groups are shown in Figure 1-1, Figure 1-2 and
Figure 1-3.

The devices are differentiated from each other in these
ways:
* Flash Program Memory:
- PIC18FX5J94 — 32 Kbytes
- PIC18FX6J94 — 64 Kbytes
- PIC18FX7J94 — 128 Kbytes
« Data RAM:
- All devices — 4 Kbytes
* 1/O Ports:

- PIC18F6XJ9X (64-pin devices) — seven
bidirectional ports

- PIC18F8XJ9X (80-pin devices) — nine
bidirectional ports

- PIC18F9XJ9X (100-pin devices) — eleven
bidirectional ports

* A/D Channels:
- PIC18F6XJXX (64-pin devices) — 16 channels
- PIC18F8XJXX (80-pin devices) — 24 channels
- PIC18F9XJXX (100-pin devices) — 24 channels
All other features for devices in this family are identical.

These are summarized in Table 1-1, Table 1-2 and
Table 1-3.

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

© 2012-2016 Microchip Technology Inc.
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PIC18F97J94 FAMILY

TABLE 1-1: DEVICE FEATURES FOR THE 64-PIN DEVICES

Features PIC18F65J94 PIC18F66J94 PIC18F67J94
Operating Frequency DC - 64 MHz
Program Memory (Bytes) 32K 64K 128K
Program Memory (Instructions) 16,384 32,768 65,536
Data Memory (Bytes) 4K 4K 4K
Interrupt Sources 42 48
1/0 Ports Ports A,B,C,D,E,F, G
Parallel Communications Parallel Slave Port (PSP)
Timers 8
Comparators 3
LCD 224 pixels
CTMU Yes
RTCC Yes

Enhanced Capture/Compare/PWM Modules

3 ECCPs and 7 CCPs

Serial Communications

Two MSSPs, Four Enhanced USARTs (EUSART) and USB

10/12-Bit Analog-to-Digital Module

16 Input Channels

Resets (and Delays)

POR, BOR, CM RESET Instruction, Stack Full, Stack Underflow, MCLR,
WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

64-Pin QFN, 64-Pin TQFP

TABLE 1-2:

DEVICE FEATURES FOR THE 80-PIN DEVICES

Features PIC18F85J94 | PIC18F86J94 |  PIC18F87J94

Operating Frequency DC - 64 MHz

32K \ 64K \ 128K
Program Memory (Bytes) -

(Up to 2 Mbytes with Extended Memory)

Program Memory (Instructions) 16,384 32,768 65,536
Data Memory (Bytes) 4K 4K 4K
Interrupt Sources 42 48
1/O Ports Ports A,B,C,D,E,F,G H, J
Parallel Communications Parallel Slave Port (PSP)
Timers 8
Comparators 3
LCD 352 pixels
CTMU Yes
RTCC Yes

Enhanced Capture/Compare/PWM Modules

3 ECCPs and 7 CCPs

Serial Communications

Two MSSPs, Four Enhanced USARTs (EUSART) and USB

12-Bit Analog-to-Digital Module

24 Input Channels

Resets (and Delays)

POR, BOR, CM RESET Instruction, Stack Full, Stack Underflow, MCLR,
WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

80-Pin TQFP

DS30000575C-page 18
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PIC18F97J94 FAMILY

TABLE 1-3: DEVICE FEATURES FOR THE 100-PIN DEVICES
Features PIC18F95J94 | PIC18F96J94 |  PIC18F97J94

Operating Frequency DC - 64 MHz

32K \ 64K \ 128K
Program Memory (Bytes) -

(Up to 2 Mbytes with Extended Memory)

Program Memory (Instructions) 16,384 32,768 65,536
Data Memory (Bytes) 4K 4K 4K
Interrupt Sources 42 48

1/0 Ports

PortsA,B,C,D,E,F,GH,J,K L

Parallel Communications

Parallel Slave Port (PSP)

Timers 8
Comparators 3
LCD 480 pixels
CTMU Yes
RTCC Yes

Enhanced Capture/Compare/PWM Modules

3 ECCPs and 7 CCPs

Serial Communications

Two MSSPs, Four Enhanced USARTs (EUSART) and USB

12-Bit Analog-to-Digital Module

24 Input Channels

Resets (and Delays)

POR, BOR, CM RESET Instruction, Stack Full, Stack Underflow, MCLR,
WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

100-Pin TQFP

© 2012-2016 Microchip Technology Inc.
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PIC18F97J94 FAMILY

FIGURE 1-1: 64-PIN DEVICE BLOCK DIAGRAM
Data Bus<8>
Table Pointer<21> 4 Yy *
PORTA
Data Latch _>
inc/dec logic RA<7:0>(1:2)
Data Memory
(4 Kbytes)
Address Latch
Program Counter *12 PORTB
Data Address<12> —> RB<7:0>(1)
[ 31-Level Stack
Address Latch
Program Memory STKPTR
Data Latch PORTC
. RC<7:0>("
ROM Latch p{ Address
Instruction Bus <16> Decode
PORTD
’ RD<7:0>(1)
8
Instruction _} State Machine
Decode and Control Signals
Control
PRODH| PRODL PORTE
l > RE<7:0>(")
T 3 8 x 8 Multiply
imin
0SC2/CLKO Generatsilon PEY Pc_)l_\{ver—up v 4 8
OSC1/CLKI imer BITOP w 4”'_’
INTRC ; 8
<) . Oscillator 8 8
Xl Oscillator Start-up Timer
8 MHz
Oscillator Power-on 8 8 —) PORTF
Reset RF<7:25(1)
Precision ALU<8>
Band Gap p| Watchdog
Reference Timer 8
Voltage BOR and —
Regulator > HLVD
PORTG
é |§| é P| Ro<0-
VDDCORE/VCAP VDD, VSs MCLR
) ) Timer Timer A/ID LCD Comparator
Timer0 Timer1 2/4/6/8 3/5 CTMU 10/12-Bit| |224 Pixels 11213
ccp ECCP
4/5/6/7/8/9/10 1/2/3 | |EUSART1| |EUSART2| |RTCC | |MSSP1/2 usB EUSART3| |EUSART4
Note 1: See Table 1-4 for I/O port pin descriptions.
2: RAG6 and RA7 are only available as digital I/O in select oscillator modes. For more information, see Section 3.0 “Oscillator
Configurations”.
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PIC18F97J94 FAMILY

FIGURE 1-2: 80-PIN DEVICE BLOCK DIAGRAM
< Data Bus<8> -
A A
Table Pointer<21>
Data Latch _p| PORA
inc/dec logic 8 48 |JusB RA<7:0>(1:2)
Data Memory
(4 Koytes)
Address Latch PORTB
= o IR
v Program Counter }12 RB<7:0>
Data Address<12>
A
31-Level Stack | PORTC
Address Latch 4 t 2 4 —
STRPTR | Access RC<7:0>(1
E Program Memory STKPTR @,
[}
= Data Latch 12
é PORTD
5 8 I RD<7:0>(1
Address
> ROM Latch Decodo > PORTE
Instruction Bus <16> RE<7:0>(1)
AD<15:0>, A<19:16>
(Multiplexed with PORTD, PORTF
PORTE and PORTH) 8 =P
Instruction State Machine RF<7:2>(1)
Decode and Control Signals
Control
ontro PRODH| PRODL
l PORTG
— 3 8 x 8 Multiply ma RG<4:0>("
Timing Power-u A .
OSC2/CLKO | Generation ||| ' P v
OSC1/CLKI imer BITOP w | >
&4—} INTRC Oscillator ) 8 8 PORTH
Oscillator Start-up Timer
8 MHz 8 P Ri<roo
Oscillator Power-on 8
Reset
Precision ALU<8>
Band Gap —p| Watchdog
Reference Timer 8 > PORT/
BOR and —| RJ<7:0>(1
Voltage 1
Regulator gl HLVD
VDDCORE/VCAP VDD, VSs MCLR
) ) Timer Timer AD LCD Comparator
Timer0 Timer1 2/4/6/8 3/5 CTMU 12-Bit 352 Pixels 1213
CCP ECCP
4/5/6/7/8/9/10 1/2/3 | [EUSART1| |EUSART2| | RTCC | | MSSP1/2 | [EUSART4| [EUSART3|| USB EMB
Note 1: See Table 1-4 for I/O port pin descriptions.
2: RAG6 and RA7 are only available as digital 1/0 in select oscillator modes. See Section 3.0 “Oscillator Configurations” for
more information.
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PIC18F97J94 FAMILY

FIGURE 1-3: 100-PIN DEVICE BLOCK DIAGRAM

Data Bus<8>
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Data Latch
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Q
= Data Latch
&
£ PORTD
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Address
ROM Latch »
Instructi > Bus <16> = Decode PORTE
nstruction Bus >
RE<7:0>(")
AD<15:0>, A<19:16>
(Multiplexed with PORTD, £—>
PORTE and PORTH) 8
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Control
l 3 PORTG
Timin,
0SC2/CLKO| Genaration PEY Power-up v A 8 =P RG<4:0>,
OSCA/CLKI Timer BITOP T a— RG<7:6>("
INTRC Oscillator 8 8
<D . 8
X Oscillator Start-up Timer
8 MHz P ) PORTH
Oscillator ower-on ; 8 b
Reset RH<7:0>("
Precision \ ALU<8> ;
Band Gap |—pp| Watchdog
Reference Timer 8
BOR and PORTJ
Volt an —> >
Re%ualgt%r »|  HLVD RJ<7:0>("
VDDCORE/VCAP VDD, Vss MCLR ' PORTK
RK<7:0>(")
: : Timer Timer AD LCD Comparator PORTL
Timer0 Timer1 2/4/6/8 3/5 CTMU 12-Bit 480 Pixels p
[ 1/2/3 _’ RL<7:05(

F t t £t F ‘%
S S SV SO O S S S

CCP ECCP
4/5/6/7/8/9/10 1/2/3 | |EUSART1||EUSART2| | RTCC | | MSSP1/2| |EUSART4| [EUSART3|| USB EMB

Note 1: See Table 1-4 for I/O port pin descriptions.

2: RAG6 and RA7 are only available as digital I/O in select oscillator modes. See Section 3.0 “Oscillator Configurations” for
more information.
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PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT 1/0O DESCRIPTIONS
Pin Number :
Pin Name Pin Buffer Description
100| 80 | 64 | TyPe | Type
MCLR MmM|19]|7 | ST Master Clear (input) or programming voltage (input).
This pin is an active-low Reset to the device.
OSC1/CLKI/RP10/RA7 61 |49 |39 Oscillator crystal or external clock input.

0SC1 | ST Oscillator crystal input.

CLKI | CMOS |External clock source input. Always associated with pin
function, OSC1. (See related OSC1/CLKI,0SC2/CLKO pins.)

RP10 /O | ST/DIG |Remappable Peripheral Pin 10 input/output.

RA7 /O | ST/DIG |General purpose 1/O pin.

OSC2/CLKO/RP6/RA6 62 | 50 | 40 Oscillator crystal or clock output.

0SC2 (0] — Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillator mode.

CLKO (0] DIG In certain oscillator modes, OSC2 pin outputs CLKO,
which has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

RP6 /0 | ST/DIG |Remappable Peripheral Pin 6 input/output.

RAG /O | ST/DIG |General purpose 1/O pin.

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

[2C = I2C/SMBus

© 2012-2016 Microchip Technology Inc.
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PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number :
Pin Name Pin Buffer Description
100| 80 | 64 | TyPe | Type
SEG19/ANO/AN1-/RPO/RAO 37 |30 |24
SEG19 O Analog |SEG19 output for LCD.
ANO | Analog |Analog Input 0.
AN1- | Analog |A/D negative input channel.
RPO /0 | ST/DIG |Remappable Peripheral Pin O input/output.
RAO /O | ST/DIG |General purpose 1/O pin.
SEG18/AN1/RP1/RA1 36 |29 23
SEG18 O Analog |SEG18 output for LCD.
AN1 | Analog |Analog Input 1.
RP1 /0 | ST/DIG |Remappable Peripheral Pin 1 input/output.
RA1 /O | ST/DIG |General purpose 1/O pin.
SEG21/VREF-/AN2/RP2/RA2 34 | 28|22
SEG21 (0] Analog |SEG21 output for LCD.
VREEF- | Analog |A/D reference voltage (low) input.
AN2 | Analog |Analog Input 2.
RP2 /0 | ST/DIG |Remappable Peripheral Pin 2 input/output.
RA2 I/O | ST/DIG |General purpose 1/O pin.
VREF+/AN3/RP3/RA3 33 |27 |21
VREE+ | Analog |A/D reference voltage (high) input.
AN3 | Analog |Analog Input 3.
RP3 /0 | ST/DIG |Remappable Peripheral Pin 3 input/output.
RA3 /0 | ST/DIG |General purpose I/O pin.
SEG14/AN6/RP4/RA4 43 | 34|28
SEG14 O Analog |SEG14 output for LCD.
ANG | Analog |Analog Input 6.
RP4 /0 | ST/DIG |Remappable Peripheral Pin 4 input/output.
RA4 /O | ST/DIG |General purpose 1/O pin.
SEG15/AN4/LVDIN/C1INA/ 42 | 33|27
C2INA/C3INA/RP5/RA5
SEG15 o Analog |SEG15 output for LCD.
AN4 | Analog |Analog Input 4.
LVDIN | Analog |High/Low-Voltage Detect (HLVD) input.
C1INA | Analog |Comparator 1 Input A.
C2INA | Analog |Comparator 2 Input A.
C3INA | Analog |Comparator 3 Input A.
RP5 /O | ST/DIG |Remappable Peripheral Pin 5 input/output.
RA5 /0 | ST/DIG |General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

I’C =12C/SMBus
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PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number :
Pin Name Pin Buffer Description
100 | 80 | 64 | TYPe | Type
VLCcAP1/RP8/CTED13/INTO/RBO 73 | 58|48
VLCAP1 | Analog |LCD Drive Charge Pump Capacitor Input 1.
RPS /0 | ST/DIG |Remappable Peripheral Pin 8 input/output.
CTED13 | ST CTMU Edge 13 input.
INTO | ST External Interrupt O.
RBO /O | ST/DIG |General purpose 1/O pin.
VLCAP2/RP9/RB1 72 | 57|47
VLCAP2 | Analog |LCD Drive Charge Pump Capacitor Input 2.
RP9 /0 | ST/DIG |Remappable Peripheral Pin 9 input/output.
RB1 /0 | ST/DIG |General purpose I/O pin.
SEG9/RP14/CTED1/RB2 70 | 56 | 46
SEG9 O Analog |SEG9 output for LCD.
RP14 /0 | ST/DIG |Remappable Peripheral Pin 14 input/output.
CTED1 | ST CTMU Edge 1 input.
RB2 /O | ST/DIG |General purpose 1/O pin.
SEG10/RP7/CTED2/RB3 69 | 55|45
SEG10 o Analog |SEG10 output for LCD.
RP7 /0 | ST/DIG |Remappable Peripheral Pin 7 input/output.
CTED2 | ST CTMU Edge 2 input.
RB3 /O | ST/DIG |General purpose 1/O pin.
SEG11/RP12/CTED3/RB4 68 |54 |44
SEG11 (0] Analog |SEG11 output for LCD.
RP12 /O | ST/DIG |Remappable Peripheral Pin 12 input/output.
RB4 /0 | ST/DIG |General purpose I/O pin.
SEG8/RP13/CTED4/RB5 67 | 53|43
SEGS8 O Analog |SEGS output for LCD.
RP13 /0 | ST/DIG |Remappable Peripheral Pin 13 input/output.
RB5 /O | ST/DIG |General purpose 1/O pin.
PGC/CTED5/RB6 65 | 52|42
PGC /0 | ST/DIG |In-Circuit Debugger and ICSP™ programming clock pin.
RB6 /0 | ST/DIG |General purpose I/O pin.
PGD/CTED6/RB7 58 | 47|37
PGD /O | ST/DIG |In-Circuit Debugger and ICSP™ programming data pin.
CTED®6 | ST CTMU Edge 6 input.
RB7 /O | ST/DIG |General purpose 1/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

[’C = I2C/SMBus
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PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number :
Pin Name Pin Buffer Description
100| 80 | 64 | TyPe | Type
SOSCO/SCLKI/PWRLCLK/RCO 45 |36 | 30
SOSCO O — SOSC oscillator output.
PWRLCLK | ST SOSC input at 50 Hz or 60 Hz only
(RTCCLKSEL<1:0> =11 or 10).
RCO /0 ST General purpose Input pin.
SOSCI/RC1 44 |1 35|29
SOSCl | Analog |Timer1 oscillator input.
RC1 /0 ST General purpose Input pin.
SEG13/AN9/RP11/CTED7/RC2 53 | 43|33
SEG13 O Analog |SEG13 output for LCD.
ANO | Analog |Analog Input 9.
RP11 /0 | ST/DIG |Remappable Peripheral Pin 11 input/output.
RC2 /O | ST/DIG |General purpose 1/O pin.
SEG17/SCL1/RP15/CTED8/RC3 | 54 |44 | 34
SEG17 O Analog |SEG17 output for LCD.
SCLA /0 | 1’C  |I%C clock input/output.
RP15 /0 | ST/DIG |Remappable Peripheral Pin 15 input/output.
RC3 /O | ST/DIG |General purpose 1/O pin.
SEG16/SDA1/RP17/CTED9/RC4 | 56 |45 | 35
SEG16 O Analog |SEG16 output for LCD.
SDA1 /0 | 1’.C  |I*C data input/output.
RP17 /0 | ST/DIG |Remappable Peripheral Pin 17 input/output.
RC4 /O | ST/DIG |General purpose 1/O pin.
SEG12/RP16/CTED10/RC5 57 |46 | 36
SEG12 O Analog |SEG12 output for LCD.
RP16 /O | ST/DIG |Remappable Peripheral Pin 16 input/output.
CTED10 | ST CTMU Edge 10 input.
RC5 /O | ST/DIG |General purpose 1/O pin.
SEG27/RP18/UOE/CTED11/RC6 | 47 |37 | 31
SEG27 (0] Analog |SEG27 output for LCD.
RP18 /O | ST/DIG |Remappable Peripheral Pin 18 input/output.
UOE/ O DIG |External USB transceiver NOE output.
CTED11 | ST CTMU Edge 11 input.
RC6 I/O | ST/DIG |General purpose 1/O pin.
SEG22/RP19/CTED12/RC7 48 | 38|32
SEG22 (0] Analog |SEG22 output for LCD.
RP19 /O | ST/DIG |Remappable Peripheral Pin 19 input/output.
RC7 /0 | ST/DIG |General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

I’C =12C/SMBus

DS30000575C-page 26

© 2012-2016 Microchip Technology Inc.




PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number :
Pin Name Pin Buffer Description
100| 80 | 64 | TyPe | Type
ADO/SEGO0/RP20/PSP0/RDO 90 | 72| 58
ADO /O | TTL/DIG |External Memory Address/Data 0.
SEGO o Analog |SEGO output for LCD.
RP20 /0 | ST/DIG |Remappable Peripheral Pin 20 input/output.
PSPO I/O | ST/DIG |Parallel Slave Port data.
RDO /0 | ST/DIG |General purpose I/O pin.
AD1/SEG1/RP21/PSP1/RD1 86 | 69|55
AD1 /O | TTL/DIG |External Memory Address/Data 1.
SEG1 (0] Analog |SEGH1 output for LCD.
RP21 /O | ST/DIG |Remappable Peripheral Pin 21 input/output.
PSP1 I/O | ST/DIG |Parallel Slave Port data.
RD1 /0 | ST/DIG |General purpose I/O pin.
AD2/SEG2/RP22/PSP2/RD2 84 | 68 | 54
AD2 /O | TTL/DIG |External Memory Address/Data 2.
SEG?2 (0] Analog |SEG2 output for LCD.
RP22 /O | ST/DIG |Remappable Peripheral Pin 22 input/output.
PSP?2 /O | ST/DIG |Parallel Slave Port data.
RD?2 /O | ST/DIG |General purpose 1/O pin.
AD3/SEG3/RP23/PSP3/RD3 83 | 67|53
AD3 /O | TTL/DIG |External Memory Address/Data 3.
SEG3 O Analog |SEGS3 output for LCD.
RP23 /O | ST/DIG |Remappable Peripheral Pin 3 input/output.
PSP3 /O | ST/DIG |Parallel Slave Port data.
RD3 I/O | ST/DIG |General purpose 1/O pin.
AD4/SEG4/RP24/PSP4/RD4 82 | 66 | 52
AD4 /O | TTL/DIG |External Memory Address/Data 4.
SEG4 O Analog |SEG4 output for LCD.
RP24 /0 | ST/DIG |Remappable Peripheral Pin 24 input/output.
PSP4 /O | ST/DIG |Parallel Slave Port data.
RD4 /O | ST/DIG |General purpose 1/O pin.
AD5/SEG5/SDA2/RP25/PSP5/RD5 | 81 | 65 | 51
AD5 /O | TTL/DIG |External Memory Address/Data 5.
SEG5 O Analog |SEGS5 output for LCD.
SDA2 e} 1°C  |I°C data input/output.
RP25 /O | ST/DIG |Remappable Peripheral Pin 25 input/output.
PSP5 /O | ST/DIG |Parallel Slave Port data.
RD5 /0 | ST/DIG |General purpose I/O pin.
AD6/SEG6/SCL2/RP26/PSP6/RD6 | 79 | 64 | 50
AD6 /O | TTL/DIG |External Memory Address/Data 6.
SEG6 o Analog |SEGS6 output for LCD.
SCL2 110 1°C  |I2C clock input/output.
RP26 /0 | ST/DIG |Remappable Peripheral Pin 26 input/output.
PSP6 I/O | ST/DIG |Parallel Slave Port data.
RD6 /0 | ST/DIG |General purpose I/O pin.
AD7/SEG7/RP27/REFO2/ 78 | 63|49
PSP7/RD7
AD7 /O | TTL/DIG |External Memory Address/Data 7.
SEG7 (0] Analog |SEG7 output for LCD.
RP27 /O | ST/DIG |Remappable Peripheral Pin 27 input/output.
REFO?2 (0] DIG Reference output clock.
PSP7 /O | ST/DIG |Parallel Slave Port data
RD7 /O | ST/DIG |General purpose 1/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C/SMBus
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PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number :
Pin Name Pin Buffer Description
100| 80 | 64 | TyPe | Type
AD8/LCDBIAS1/RP28/RD/REO 4 | 4|2
AD8 /O | TTL/DIG |External Memory Address/Data 8.
LCDBIAS1 | Analog |BIAS1 input for LCD.
RP28 /0 | ST/DIG |Remappable Peripheral Pin 28 input/output.
RD | TTL |Parallel Slave Port read strobe.
REO /O | ST/DIG |General purpose 1/O pin.
AD9/LCDBIAS2/RP29/WR/RE1 3 13]|1
AD9 /O | TTL/DIG |External Memory Address/Data 9.
LCDBIAS2 | Analog |BIAS2 input for LCD.
RP29 /O | ST/DIG |Remappable Peripheral Pin 29 input/output.
WR | TTL |Parallel Slave Port write strobe.
RE1 /O | ST/DIG |General purpose /O pin.
AD10/LCDBIAS3/RP30/CS/RE2 98 | 78 | 64
AD10 /O | TTL/DIG |External Memory Address/Data 10.
LCDBIAS3 | Analog |BIAS3 input for LCD.
RP30 /0 | ST/DIG |Remappable Peripheral Pin 30 input/output.
cs | TTL |Parallel Slave Port chip select.
RE2 /0 | ST/DIG |General purpose I/O pin.
AD11/COMO/RP33/REFO1/RE3 97 | 77| 63
AD11 /O | TTL/DIG |External Memory Address/Data 11.
COMO (0] Analog |COMO output for LCD.
RP33 I/O | ST/DIG |Remappable Peripheral Pin 33 input/output.
REFO1 (0] DIG Reference output clock.
RE3 /0 | ST/DIG |General purpose I/O pin.
AD12/COM1/RP32/RE4 95 | 76 | 62
AD12 /O | TTL/DIG |External Memory Address/Data 12.
COM1 0 Analog |COM1 output for LCD.
RP32 /O | ST/DIG |Remappable Peripheral Pin 32 input/output.
RE4 /0 | ST/DIG |General purpose I/O pin.
AD13/COM2/RP37/RE5 94 | 75| 61
AD13 /O | TTL/DIG |External Memory Address/Data 13.
COM2 0 Analog |COM2 output for LCD.
RP37 /0 | ST/DIG |Remappable Peripheral Pin 37 input/output.
RE5 /O | ST/DIG |General purpose 1/O pin.
AD14/COM3/RP34/RE6 93 | 74 | 60
AD14 /O | TTL/DIG |External Memory Address/Data 14.
COM3 O Analog |COMS3 output for LCD.
RP34 /0 | ST/DIG |Remappable Peripheral Pin 34 input/output.
RE6 /0 | ST/DIG |General purpose I/O pin.
AD15/LCDBIAS0/RP31/RE7 92 | 73|59
AD15 /O | TTL/DIG |External Memory Address/Data 15.
LCDBIASO | Analog |BIASO input for LCD.
RP31 /O | ST/DIG |Remappable Peripheral Pin 31 input/output.
RE7 /0 | ST/DIG |General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C/SMBus
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PIC18F97J94 FAMILY

TABLE 1-4: PIC18FXXJ94 PINOUT 1/0 DESCRIPTIONS (CONTINUED)
Pin Number :
Pin Name Pin Buffer Description
100 | 80 | 64 | TYPe | Type
SEG20/AN7/CTMUI/C2INB/RP36/ | 23 |18 | 16
RF2
SEG20 O Analog |SEG20 output for LCD.
AN7 | Analog |Analog Input 7.
CTMUI (0] — CTMU pulse generator charger for the C2INB comparator input.
C2INB | Analog |Comparator 2 Input B.
RP36 /0 | ST/DIG |Remappable Peripheral Pin 36 input/output.
RE2 /0 | ST/DIG |General purpose I/O pin.
D-/RF3 22 (17|15
D- 110 — USB bus minus line input/output.
RF3 | ST General purpose input pin.
D+/RF4 20 |16 | 14
D+ 110 — USB bus plus line input/output.
RE4 | ST General purpose input pin.
SEG23/CVREF/AN10/C1INB/ 19 | 15|13
RP35/RF5
SEG23 (0] Analog |SEG23 output for LCD.
CVREF 0] Analog |Comparator reference voltage output.
AN10 | Analog |Analog Input 10.
C1INB | Analog |Comparator 1 Input B.
RP35 I/0 | ST/DIG |Remappable Peripheral Pin 35 input/output.
RF5 /0 | ST/DIG |General purpose I/O pin.
SEG24/AN11/C1INA/RP40/RF6 18 |14 |12
SEG24 O Analog |SEG24 output for LCD.
AN11 | Analog |Analog Input 11.
C1INA | Analog |Comparator 1 Input A.
RP40 /O | ST/DIG |Remappable Peripheral Pin 40 input/output.
RF6 /0 | ST/DIG |General purpose I/O pin.
SEG25/AN5/RP38/RF7 17 113 | 11
SEG25 o} Analog |SEG25 output for LCD.
AN5 | Analog |Analog Input 5.
RP38 /0 | ST/DIG |Remappable Peripheral Pin 38 input/output.
RF7 /O | ST/DIG |General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels
| = Input

P =Power

1’C = I2C/SMBus

Analog = Analog input
o = Output
oD = Open-Drain (no P diode to VDD)
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TABLE 1-4: PIC18FXXJ94 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number Pin Buffer

Pin Name T T Description
100 | 80 | 64 | 'YPe | lype

COM4/SEG28/AN8/RP46/RGO 6 |53

comM4 0 Analog |COM4 output for LCD.
SEG28 O Analog |SEG28 output for LCD.
ANS | Analog |Analog Input 8.
RP46 /0 | ST/DIG |Remappable Peripheral Pin 46 input/output.
RGO /O | ST/DIG |General purpose 1/O pin.
COMS5/SEG29/AN19/RP39/RG1 716 |4
COM5 (0] Analog |COMS output for LCD.
SEG29 O Analog |SEG29 output for LCD.
AN19 | Analog |Analog Input 19.
RP39 /0 | ST/DIG |Remappable Peripheral Pin 39 input/output.
RG1 /O | ST/DIG |General purpose 1/O pin.
COMB6/SEG30/AN18/C3INA/RP42/ | 8 | 7 | 5
RG2
COM®6 O Analog |COMS6 output for LCD.
SEG30 (0] Analog |SEG30 output for LCD.
AN18 | Analog |Analog Input 18.
C3INA | Analog |Comparator 3 Input A.
RP42 /0 | ST/DIG |Remappable Peripheral Pin 42 input/output.
RG2 /0 | ST/DIG |General purpose I/O pin.
COM7/SEG31/AN17/C3INB/RP43/| 9 | 8 | 6
RG3
cCom7 0 Analog |COM?7 output for LCD.
SEG31 O Analog |SEG31 output for LCD.
AN17 | Analog |Analog Input 17.
C3INB | Analog |Comparator 3 Input B.
RP43 /O | ST/DIG |Remappable Peripheral Pin 43 input/output.
RG3 /0 | ST/DIG |General purpose I/O pin.
SEG26/AN16/C3INC/RP44/RTCC/| 12 {10 | 8
RG4
SEG26 (0] Analog |SEG26 output for LCD.
AN16 | Analog |Analog Input 16.
C3INC | Analog |Comparator 3 Input C.
RP44 /0 | ST/DIG |Remappable Peripheral Pin 44 input/output.
RTCC (0] — RTCC output.
RG4 /O | ST/DIG |General purpose 1/O pin.
RG6 89 /0 | ST/DIG |General purpose I/O pin.
RG7 96 /O | ST/DIG |General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

[2’C =12C/SMBus
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TABLE 1-4: PIC18FXXJ94 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number :
Pin Name Pin Buffer Description
100| 80 | 64 | TyPe | Type
A16/SEG47/AN23/RHO 99 |79
A16 O DIG |External Memory Address 16.
SEG47 O Analog |SEG47 output for LCD.
AN23 | Analog |Analog Input 23.
RHO /O | ST/DIG |General purpose I/O pin.
A17/SEG46/AN22/RH1 100 | 80
A17 (0] DIG |External Memory Address 17.
SEG46 O Analog |SEG46 output for LCD.
AN22 | Analog |Analog Input 22.
RH1 /0 | ST/DIG |General purpose I/O pin.
A18/SEG45/AN21/RH2 1 1
A18 o DIG |External Memory Address 18.
SEG45 (0] Analog |SEG45 output for LCD.
AN21 | Analog |Analog Input 21.
RH2 /O | ST/DIG |General purpose I/O pin.
A19/SEG44/AN20/RH3 2 |2
A19 O DIG |External Memory Address 19.
SEG44 O Analog |SEG44 output for LCD.
AN20 | Analog |Analog Input 20.
RH3 /O | ST/DIG |General purpose I/O pin.
SEG40/AN12/C2INC/RH4 27 |22
SEG40 (0] Analog |SEG40 output for LCD.
AN12 | Analog |Analog Input12.
C2INC | Analog |Comparator 2 Input C.
RH4 /0 | ST/DIG |General purpose I/O pin.
SEG41/AN13/C2IND/RH5 26 |21
SEG41 O Analog |SEG41 output for LCD.
AN13 | Analog |Analog Input 13.
C2IND | Analog |Comparator 2 Input D.
RH5 /O | ST/DIG |General purpose I/O pin.
SEG42/AN14/C1INC/RH6 25 |20
SEG42 O Analog |SEG42 output for LCD.
AN14 | Analog |Analog Input 14.
C1INC | Analog |Comparator 1 Input C.
RH6 /O | ST/DIG |General purpose I/O pin.
SEG43/AN15/RH7 24 119
SEG43 (0] Analog |SEGA43 output for LCD.
AN15 | Analog |Analog Input 15.
RH7 /O | ST/DIG |General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C/SMBus
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TABLE 1-4: PIC18FXXJ94 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number

Pin Name Pin | Buffer Description
100| 80 | 64 | TyPe | Type

ALE/SEG32/RJO 77 |62

ALE (0] DIG |[External memory address latch enable.

SEG32 O Analog |SEG32 output for LCD.

RJO /0 | ST/DIG |General purpose I/O pin.
OE/SEG33/RJ1 76 | 61

OE O DIG |External memory output enable.

SEG33 (0] Analog |SEG33 output for LCD.

RJ1 /0 | ST/DIG |General purpose I/O pin.
WRL/SEG34/RJ2 75 | 60

WRL O DIG |External memory write low control.

SEG34 (0] Analog |SEG34 output for LCD.

RJ2 /O | ST/DIG |General purpose 1/O pin.
WRH/SEG35/RJ3 74 |59

WRH (0] DIG |External memory write high control.

SEG35 (0] Analog |SEG35 output for LCD.

RJ3 /O | ST/DIG |General purpose 1/O pin.
BAO/SEG39/RJ4 49 |39

BAO (0] DIG |[External Memory Byte Address O control

SEG39 O Analog |SEG39 output for LCD.

RJ4 /0 | ST/DIG |General purpose I/O pin.
CE/SEG38/RJ5 50 |40

CE O DIG |External memory chip enable control.

SEG38 O Analog |SEG38 output for LCD.

RJ5 /0 | ST/DIG |General purpose I/O pin.
LB/SEG37/RJ6 51 | 41

B O DIG |External memory low byte control.

SEG37 (0] Analog |SEG37 output for LCD.

RJ6 /0 | ST/DIG |General purpose I/O pin.
UB/SEG36/RJ7 52 | 42

UB O DIG |External memory high byte control.

SEG36 (0] Analog |SEG36 output for LCD.

RJ7 /O | ST/DIG |General purpose 1/O pin.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

| = Input
P =Power
[’C = I2C/SMBus

CMOS = CMOS compatible input or output

Analog = Analog input
O = Output

oD = Open-Drain (no P diode to VDD)
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TABLE 1-4: PIC18FXXJ94 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number :
Pin Name TPm BTuffer Description
100 | 80 | 64 | 'YPE | Type
SEG56/RK0 46
SEG56 O Analog |SEG56 output for LCD.
RKO /O | ST/DIG |General purpose 1/O pin.
SEG57/RK1 55
SEG57 O Analog |SEG57 output for LCD.
RK1 /O | ST/DIG |General purpose 1/O pin.
SEG58/RK2 60
SEG58 O Analog |SEG58 output for LCD.
RK2 /O | ST/DIG |General purpose 1/O pin.
SEG59/RK3 63
SEG59 O Analog |SEG59 output for LCD.
RK3 /O | ST/DIG |General purpose 1/O pin.
SEG60/RK4 66
SEG60 O Analog |SEG60 output for LCD.
RK4 /O | ST/DIG |General purpose 1/O pin.
SEG61/RK5 71
SEG61 (0] Analog |SEG61 output for LCD.
RK5 /O | ST/DIG |General purpose 1/O pin.
SEG62/RK6 80
SEG62 o Analog |SEG62 output for LCD.
RK6 /O | ST/DIG |General purpose 1/O pin.
SEG63/RK7 85
SEG63 o Analog |SEG63 output for LCD.
RK7 /O | ST/DIG |General purpose 1/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C/SMBus
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TABLE 1-4: PIC18FXXJ94 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number :
Pin Name TPm BTuffer Description
100 | 80 | 64 | 'YPE | Type
SEG48/RL0O 91
SEG48 O Analog |SEG48 output for LCD.
RLO /O | ST/DIG |General purpose 1/O pin.
SEG49/RLA1 10
SEG49 O Analog |SEG49 output for LCD.
RL1 /O | ST/DIG |General purpose 1/O pin.
SEG50/RL2 13
SEG50 O Analog |SEG50 output for LCD.
RL2 /O | ST/DIG |General purpose 1/O pin.
SEG51/RL3 16
SEG51 O Analog |SEG51 output for LCD.
RL3 /O | ST/DIG |General purpose 1/O pin.
SEG52/RL4 21
SEG52 o Analog |SEG52 output for LCD.
RL4 /O | ST/DIG |General purpose 1/O pin.
SEG53/RL5 30
SEG53 O Analog |SEG53 output for LCD.
RL5 /O | ST/DIG |General purpose 1/O pin.
SEG54/RL6 38
SEG54 O Analog |SEG54 output for LCD.
RL6 /O | ST/DIG |General purpose 1/O pin.
SEG55/RL7 41
SEG55 O Analog |SEG55 output for LCD.
RL7 /O | ST/DIG |General purpose 1/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C/SMBus
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TABLE 1-4: PIC18FXXJ94 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number :
Pin Name TPm BTuffer Description
100 | 80 | 64 | 'YPE | Type
5 (32|26 P — Positive supply for logic and 1/O pins.
VDD 40 | 48| 38
59 | 71|57
88
14 (11| 9 P — Ground reference for logic and 1/0O pins.
35 (31|25
Vss 39 | 51|41
64 | 70 | 56
87
AvDD 31 |125|19| P — Positive supply for analog modules.
Avss 32 12620 P — Ground reference for analog modules.
VDDCORE/VCAP 15 11210
\/DDCORE P — Core logic power or external fiI.ter capacitor connectiop.
VCAP P — External filter capacitor connection (regulator enabled/disabled).
VBAT 29 |24 |18| P —
VusB3v3 28 |23|17| P — USB voltage input pin.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

| = Input
P =Power
[2’C =12C/SMBus

CMOS = CMOS compatible input or output
Analog = Analog input

(0] = Output

oD = Open-Drain (no P diode to VDD)
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2.0 GUIDELINES FOR GETTING
STARTED WITH PIC18FJ
MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC18FXXJ94 of 8-bit
microcontrollers requires attention to a minimal set of
device pin connection before proceeding with
development.

The following pins must always be connected:

« All VDD and Vss pins
(see Section 2.2 “Power Supply Pins”)
» All AVDD and AVSss pins, regardless of whether or
not the analog device features are used
(see Section 2.2 “Power Supply Pins”)
* MCLR pin
(see Section 2.3 “Master Clear (MCLR) Pin”)
These pins must also be connected if they are being
used in the end application:
* PGC/PGD pins used for In-Circuit Serial

Programming™ (ICSP™) and debugging purposes
(see Section 2.5 “ICSP Pins”)

* OSC1 and OSC2 pins when an external oscillator
source is used
(see Section 2.6 “External Oscillator Pins”)

Additionally, the following pins may be required:

» VREF+/VREF- pins are used when external voltage
reference for analog modules is implemented

Note:  The AVDD and AVSS pins must always be
connected, regardless of whether any of
the analog modules are being used.

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED
MINIMUM CONNECTIONS

c2@
VDD
3 3
> >

R1 M
R2 |
MCLR |
VCAP/VDDCORE ———¢
C1 —
I PIC18FXXJXX Jer
Vss VDD T
(;6(2)I c3@
i VDD Vss L
8
z

cs5(2

o [%]

o n

> >
c4l@

Key (all values are recommendations):

C1 through C6: 0.1 uF, 20V ceramic

C7: 10 pF, 6.3V or greater, tantalum or ceramic
R1: 10 kQ

R2: 100Q to 470Q

Note 1: See Section 2.4 “Core Voltage Regulator
(VcAP/VDDCORE)” for explanation of VCAP/
VDDCORE connections.

2: The example shown is for a PIC18F device

with five VDD/VSS and AVDD/AVSS pairs.
Other devices may have more or less pairs;
adjust the number of decoupling capacitors
appropriately.

=1 laves
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2.2 Power Supply Pins
221 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins, such as VDD, Vss, AVDD and
AVSs, is required.

Consider the following criteria when using decoupling
capacitors:

» Value and type of capacitor: A 0.1 uF (100 nF),
10-20V capacitor is recommended. The capacitor
should be a low-ESR device, with a resonance
frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

* Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater
than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is
experiencing high-frequency noise (upward of
tens of MHz), add a second ceramic type capaci-
tor in parallel to the above described decoupling
capacitor. The value of the second capacitor can
be in the range of 0.01 pF to 0.001 pF. Place this
second capacitor next to each primary decoupling
capacitor. In high-speed circuit designs, consider
implementing a decade pair of capacitances as
close to the power and ground pins as possible
(e.g., 0.1 pF in parallel with 0.001 pF).

» Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum, thereby reducing PCB trace
inductance.

222 TANK CAPACITORS

On boards with power traces running longer than
six inches in length, it is suggested to use a tank capac-
itor for integrated circuits, including microcontrollers, to
supply a local power source. The value of the tank
capacitor should be determined based on the trace
resistance that connects the power supply source to
the device, and the maximum current drawn by the
device in the application. In other words, select the tank
capacitor so that it meets the acceptable voltage sag at
the device. Typical values range from 4.7 uF to 47 pF.

2.3 Master Clear (MCLR) Pin

The MCLR pin provides two specific device
functions: Device Reset, and Device Programming
and Debugging. If programming and debugging are
not required in the end application, a direct
connection to VDD may be all that is required. The
addition of other components, to help increase the
application’s resistance to spurious Resets from
voltage sags, may be beneficial. A typical
configuration is shown in Figure 2-1. Other circuit
designs may be implemented, depending on the
application’s requirements.

During programming and debugging, the resistance
and capacitance that can be added to the pin must
be considered. Device programmers and debuggers
drive the MCLR pin. Consequently, specific voltage
levels (VIH and VIL) and fast signal transitions must
not be adversely affected. Therefore, specific values
of R1 and C1 will need to be adjusted based on the
application and PCB requirements. For example, it is
recommended that the capacitor, C1, be isolated
from the MCLR pin during programming and
debugging operations by using a jumper (Figure 2-2).
The jumper is replaced for normal run-time
operations.

Any components associated with the MCLR pin
should be placed within 0.25 inch (6 mm) of the pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN
CONNECTIONS
VDD
R1
R2
MCLR
JP PIC18FXXJXX

C1

I o

Note 1: R1< 10 kQ is recommended. A suggested
starting value is 10 kQ. Ensure that the
MCLR pin VIH and VIL specifications are met.

2: R2< 470Q will limit any current flowing into
MCLR from the external capacitor, C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR pin
VIH and VIL specifications are met.

© 2012-2016 Microchip Technology Inc.
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24 Core Voltage Regulator (VCAP/
VDDCORE)

Alow-ESR (< 5Q) capacitor is required on the VCAP pin
to stabilize the output voltage of the on-chip voltage
regulator. The VCAP pin must not be connected to VDD
and must use a capacitor of 10 yF connected to
ground. The type can be ceramic or tantalum. Suitable
examples of capacitors are shown in Table 2-1.
Capacitors with equivalent specification can be used.

Designers may use Figure 2-3 to evaluate ESR
equivalence of candidate devices.

It is recommended that the trace length not exceed
0.25 inch (6 mm). Refer to Section 30.0 “Electrical
Specifications” for additional information.

TABLE 2-1: SUITABLE CAPACITOR EQUIVALENTS

FIGURE 2-3: FREQUENCY vs. ESR
PERFORMANCE FOR
SUGGESTED Vcar
10
1
g
x 0.1
(7]
w
0.01
0.001
0.01 0.1 1 10 100 1000 10,000

Frequency (MHz)
Note: Typical data measurement at 25°C, 0V DC bias.

Make Part # Car‘:)c::iltgzlce Base Tolerance | Rated Voltage | Temp. Range
TDK C3216X7R1C106K 10 pF +10% 16V -55 to 125°C
TDK C3216X5R1C106K 10 pF +10% 16V -55 to 85°C
Panasonic ECJ-3YX1C106K 10 pF +10% 16V -55 to 125°C
Panasonic ECJ-4YB1C106K 10 uF +10% 16V -55 to 85°C
Murata GRM32DR71C106KA01L 10 pF +10% 16V -55 to 125°C
Murata GRM31CR61C106KC31L 10 pF +10% 16V -55 to 85°C
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241 CONSIDERATIONS FOR CERAMIC
CAPACITORS

In recent years, large value, low-voltage, surface-mount
ceramic capacitors have become very cost effective in
sizes up to a few tens of microfarad. The low-ESR, small
physical size and other properties make ceramic
capacitors very attractive in many types of applications.

Ceramic capacitors are suitable for use with the
VDDCORE voltage regulator of this microcontroller.
However, some care is needed in selecting the capac-
itor to ensure that it maintains sufficient capacitance
over the intended operating range of the application.

Typical low-cost, 10 yF ceramic capacitors are available
in X5R, X7R and Y5V dielectric ratings (other types are
also available, but are less common). The initial toler-
ance specifications for these types of capacitors are
often specified as £10% to +20% (X5R and X7R), or -
20%/+80% (Y5V). However, the effective capacitance
that these capacitors provide in an application circuit will
also vary based on additional factors, such as the
applied DC bias voltage and the temperature. The total
in-circuit tolerance is, therefore, much wider than the
initial tolerance specification.

The X5R and X7R capacitors typically exhibit satisfac-
tory temperature stability (ex: £15% over a wide
temperature range, but consult the manufacturer’s data
sheets for exact specifications). However, Y5V capaci-
tors typically have extreme temperature tolerance
specifications of +22%/-82%. Due to the extreme
temperature tolerance, a 10 yF nominal rated Y5V type
capacitor may not deliver enough total capacitance to
meet minimum VDDCORE voltage regulator stability and
transient response requirements. Therefore, Y5V
capacitors are not recommended for use with the
VDDCORE regulator if the application must operate over
a wide temperature range.

In addition to temperature tolerance, the effective
capacitance of large value ceramic capacitors can vary
substantially, based on the amount of DC voltage
applied to the capacitor. This effect can be very signifi-
cant, but is often overlooked or is not always
documented.

A typical DC bias voltage vs. capacitance graph for
X7R type and Y5V type capacitors is shown in
Figure 2-4.

FIGURE 2-4: DC BIAS VOLTAGE vs.
CAPACITANCE

CHARACTERISTICS
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Capacitance Change (%)
§8
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4

DC Bias Voltage (VDC)

When selecting a ceramic capacitor to be used with the
VDDCORE voltage regulator, it is suggested to select a
high-voltage rating, so that the operating voltage is a
small percentage of the maximum rated capacitor volt-
age. For example, choose a ceramic capacitor rated at
16V for the 2.5V VDDCORE voltage. Suggested
capacitors are shown in Table 2-1.

2.5 ICSP Pins

The PGC and PGD pins are used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes. It
is recommended to keep the trace length between the
ICSP connector and the ICSP pins on the device as
short as possible. If the ICSP connector is expected to
experience an ESD event, a series resistor is recom-
mended, with the value in the range of a few tens of
ohms, not to exceed 100Q.

Pull-up resistors, series diodes, and capacitors on the
PGC and PGD pins are not recommended as they will
interfere with the programmer/debugger communica-
tions to the device. If such discrete components are an
application requirement, they should be removed from
the circuit during programming and debugging. Alter-
natively, refer to the AC/DC characteristics and timing
requirements information in the respective device
Flash programming specification for information on
capacitive loading limits, and pin input voltage high
(ViH) and input low (VIL) requirements.

For device emulation, ensure that the “Communication
Channel Select” (i.e., PGCx/PGDx pins), programmed
into the device, matches the physical connections for
the ICSP to the Microchip debugger/emulator tool.

For more information on available Microchip
development tools connection requirements, refer to
Section 31.0 “Development Support”.

© 2012-2016 Microchip Technology Inc.
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2.6 External Oscillator Pins

Many microcontrollers have options for at least two
oscillators: a high-frequency primary oscillator and a
low-frequency  secondary oscillator (refer to
Section 3.0 “Oscillator Configurations” for details).

The oscillator circuit should be placed on the same
side of the board as the device. Place the oscillator
circuit close to the respective oscillator pins with no
more than 0.5inch (12 mm) between the circuit
components and the pins. The load capacitors should
be placed next to the oscillator itself, on the same side
of the board.

Use a grounded copper pour around the oscillator cir-
cuit to isolate it from surrounding circuits. The
grounded copper pour should be routed directly to the
MCU ground. Do not run any signal traces or power
traces inside the ground pour. Also, if using a two-sided
board, avoid any traces on the other side of the board
where the crystal is placed.

Layout suggestions are shown in Figure 2-5. In-line
packages may be handled with a single-sided layout
that completely encompasses the oscillator pins. With
fine-pitch packages, it is not always possible to com-
pletely surround the pins and components. A suitable
solution is to tie the broken guard sections to a mirrored
ground layer. In all cases, the guard trace(s) must be
returned to ground.

In planning the application’s routing and 1/O assign-
ments, ensure that adjacent port pins, and other
signals in close proximity to the oscillator, are benign
(i.e., free of high frequencies, short rise and fall times,
and other similar noise).

For additional information and design guidance on
oscillator circuits, refer to these Microchip Application
Notes, available at the corporate website
(www.microchip.com):

* ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”

« ANS849, “Basic PICmicro® Oscillator Design”

« ANO943, “Practical PICmicro® Oscillator Analysis
and Design”

* AN949, “Making Your Oscillator Work”

2.7 Unused I/Os

Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connecta 1 kQ
to 10 kQ resistor to Vss on unused pins and drive the
output to logic low.

FIGURE 2-5: SUGGESTED PLACEMENT
OF THE OSCILLATOR

CIRCUIT

Single-Sided and In-Line Layouts:
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OSCILLATOR
CONFIGURATIONS
This section describes the PIC18F oscillator system

and its operation. The PIC18F oscillator system has the
following modules and features:

3.0

A total of four external and internal oscillator
options as clock sources, providing up to

» Software-controllable switching between various
clock sources

» Software-controllable postscaler for selective
clocking of CPU for system power savings

» A Fail-Safe Clock Monitor (FSCM) that detects
clock failure and permits safe application recovery
or shutdown

» A separate and independently configurable

11 different clock modes

* An on-chip USB PLL block to provide a stable
48 MHz clock for the USB module, as well as a

system clock output for synchronizing external

hardware

A simplified diagram of the oscillator system is shown

range of frequency options for the system clock in Figure 3-1.
FIGURE 3-1: PIC18F GENERAL SYSTEM CLOCK DIAGRAM
PIC18F97J94 Family
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3.1 CPU Clocking Scheme

The system clock source can be provided by one of
four sources:

» Primary Oscillator (POSC) on the OSC1 and
OSC2 pins

» Secondary Oscillator (SOSC) on the SOSCI and
SOSCO pins

» Fast Internal RC (FRC) Oscillator
* Low-Power Internal RC (LPRC) Oscillator

FIGURE 3-2:

The Primary Oscillator and FRC sources have the option
of using the internal USB PLL block, which generates
both the USB module clock and a separate system clock
from the 96 MHz PLL. Refer to Section 3.8.1 “Oscilla-
tor Modes and USB Operation” for additional
information.

The internal FRC provides an 8 MHz clock source. It
can optionally be reduced by the programmable clock
divider to provide a range of system clock frequencies.

The selected clock source generates the processor
and peripheral clock sources. The processor clock
source is divided by four to produce the internal instruc-
tion cycle clock, Fcy. In this document, the instruction
cycle clock is also denoted by Fosc/4. The internal
instruction cycle clock, Fosc/4, can be provided on the
OSC2 I/0O pin for some operating modes of the Primary
Oscillator. The timing diagram in Figure 3-2 shows the
relationship between the processor clock source and
instruction execution.

CLOCK OR INSTRUCTION CYCLE TIMING
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3.2 Oscillator Configuration

The oscillator source (and operating mode) that is used
at a device Power-on Reset (POR) event is selected
using Configuration bit settings. The Oscillator Configu-
ration bit settings are in the Configuration registers
located in the program memory (refer to Section 28.1
“Configuration Bits” for more information). The
Primary Oscillator Configuration bits, POSCMD<1:0>
(CONFIG3L<1:0>), and Oscillator Configuration bits,

FOSC<2:0> (CONFIG2L<2:0>), select the oscillator
source that is used at a POR. The FRC Oscillator with
Postscaler (FRCDIV) is the default (unprogrammed)
selection. The Secondary Oscillator, or one of the inter-
nal oscillators, may be chosen by programming these bit
locations.

The Configuration bits allow users to choose between
11 different clock modes, as shown in Table 3-1.

TABLE 3-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION
Oscillator Mode Oscillator Source POSCMD<1:0> FOSC<2:0> Notes

Fast RC Oscillator with Internal 11 111 1,2
Postscaler (FRCDIV)

Fast RC Oscillator divided by 16 Internal 11 110 1
(FRC500kHz)

Low-Power RC Oscillator (LPRC) Internal 11 101 1
Secondary (Timer1) Oscillator Secondary 11 100 1
(SOSC)

Primary Oscillator (HS) with PLL Primary 10 011

Module (HSPLL)

Primary Oscillator (MS) with PLL Primary 01 011

Module (MSPLL)

Primary Oscillator (EC) with PLL Primary 00 011

Module (ECPLL)

Primary Oscillator (HS) Primary 10 010

Primary Oscillator (MS) Primary 01 010

Primary Oscillator (EC) Primary 00 010

Fast RC Oscillator with PLL Module Internal 11 001 1
(FRCPLL)

Fast RC Oscillator (FRC) Internal 11 000 1

Note 1: OSC2 pin function is determined by the CLKOEN Configuration bit.
2: Default oscillator mode for an unprogrammed (erased) device.

© 2012-2016 Microchip Technology Inc.
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3.2.1 CLOCK SWITCHING MODE
CONFIGURATION BITS

The FSCMx Configuration bits (CONFIG3L<5:4>) are
used to jointly configure device clock switching and the
Fail-Safe Clock Monitor (FSCM). Clock switching is
enabled only when FSCM1 is programmed (‘0’). The
FSCM is enabled only when FSCM<1:0> are both
programmed (‘00’).

3.2.2 OSC1 AND OSC2 PIN FUNCTIONS
IN NON-CRYSTAL MODES

When the Primary Oscillator on OSC1 and OSC2 is not
configured as the clock source (POSCMD<1:0> = 11),
the OSC1 pin is automatically reconfigured as a
digital I/O. In this configuration, as well as when the
Primary Oscillator is configured for EC mode
(POSCMD<1:0> = 00), the OSC2 pin can also be
configured as a digital I/O by programming the
CLKOEN Configuration bit (CONFIG2L<5>).

When CLKOEN is unprogrammed (‘1’), a Fosc/4 clock
output is available on OSC2 for testing or synchroniza-
tion purposes. With CLKOEN programmed (‘0’), the
OSC2 pin becomes a general purpose 1/O pin. In both
of these configurations, the feedback device between
OSC1 and OSC2 is turned off to save current.

3.3 Control Registers

The operation of the oscillator is controlled by six
Special Function Registers (SFRs):

*+ OSCCON

*+ OSCCON2

*+ OSCCON3

+ OSCCON4

*« ACTCON

+ OSCTUNE

3.3.1 OSCILLATOR CONTROL REGISTER
(OSCCON)

The OSCCON register (Register 3-1) is the main con-
trol register for the oscillator. It controls clock source
switching and allows the monitoring of clock sources.

The COSCx (OSCCON<6:4>) Status bits are read-only
bits that indicate the current oscillator source the
device is operating from. The COSCx bits default to the
Internal Fast RC Oscillator with Postscaler (FRCDIV),
configured for 4 MHz, on a Power-on Reset (POR) and

Master Clear Reset (MCLR). A clock switch will
automatically be performed to the new oscillator source
selected by the FOSCx Configuration bits (CON-
FIG2L<2:0>). The COSCx bits will change to indicate
the new oscillator source at the end of a clock switch
operation.

The NOSCx Status bits select the clock source for the
next clock switch operation. On POR and MCLRs,
these bits automatically select the oscillator source
defined by the FOSCx Configuration bits. These bits
can be modified by software.

Setting the CLKLOCK bit (OSCCON2<7>) prevents
clock switching if the FSCM1 Configuration bit is set. If
the FSCM1 bit is clear, the CLKLOCK bit state is
ignored and clock switching can occur.

The IOLOCK bit (OSCCON2<6>) is used to unlock the
Peripheral Pin Select (PPS) feature; it has no function
in the system clock’s operation.

The LOCK Status bit (OSCCON2<5>) is read-only and
indicates the status of the PLL circuit. It is set when the
PLL achieves a frequency lock and is reset when a
valid clock switching sequence is initiated. It reads as
‘0’ whenever the PLL is not used as part of the current
clock source.

The CF Status bit (OSCCON2<3>) is a readable/clear-
able Status bit that indicates a clock failure; it is reset
whenever a valid clock switch occurs.

The POSCEN bit (OSCCON2<2>) is used to control
the operation of the Primary Oscillator in Sleep mode.
Setting this bit bypasses the normal automatic
shutdown of the oscillator whenever Sleep mode is
invoked.

The Secondary Oscillator can be turned on by a variety
of options:
*+ SOSCGO — OSCCON2<1>
* SOSCSEL — CONFIG2L<3>
* FOSC<2:0> — CONFIG2L<2:0>
+ DSWDTOSC — CONFIG8H<1>
* RTCEN — RTCCON1<7>
* SOSCEN — T1CON<3>, T3CON<3> or
T5CON<3>

The ACTCON register (Register 3-10) controls the
Active Clock Tuning features.
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REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R-x R-x R-x u-0 R/W-x R/W-x R/W-x
IDLEN cosc2 COsC1 COSsCo — NOSC2 NOSCH1 NOSCO0
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 IDLEN: Idle Enable bit

1 = SLEEP instruction invokes Idle mode
0 = SLEEP instruction invokes Sleep mode

bit 6-4 COSC<2:0>: Current Oscillator Selection bits (read-only)

000 = Fast RC Oscillator (FRC)
001 = Fast RC Oscillator (FRC), divided by N, with PLL module
010 = Primary Oscillator (MS, HS, EC)
011 = Primary Oscillator (MS, HS, EC) with PLL module
100 = Secondary Oscillator (SOSC)
101 = Low-Power RC Oscillator (LPRC)
110 = Fast RC Oscillator (FRC) divided by 16 (500 kHz)
111 = Fast RC Oscillator (FRC) divided by N
bit 3 Unimplemented: Read as ‘0’
bit 2-0 NOSC<2:0>: New Oscillator Selection bits
000 = Fast RC Oscillator (FRC)
001 = Fast RC Oscillator (FRC), divided by N, with PLL module
010 = Primary Oscillator (MS, HS, EC)
011 = Primary Oscillator (MS, HS, EC) with PLL module
100 = Secondary Oscillator (SOSC)
101 = Low-Power RC Oscillator (LPRC)
110 = Fast RC Oscillator (FRC) divided by 16 (500 kHz)
111 = Fast RC Oscillator (FRC) divided by N
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REGISTER 3-2: OSCCON2: OSCILLATOR CONTROL REGISTER 2

R/W-0 R/W-0 R-0 u-0 R/C-0 R/W-0 R/W-0 uU-0
CLKLOCK® | joLock™ LOCK — CF POSCEN | SOSCGO —
bit 7 bit 0
Legend: C = Clearable bit
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 CLKLOCK: Clock Lock Enabled bit(@

1 = Clock and PLL selection are locked and may not be modified
0 = Clock and PLL selection are not locked, configurations may be modified
bit 6 IOLOCK: I/0 Lock Enable bit("
1 = I/Olockis active (If IOL1WAY (CONFIG5H<0> = 1) , the bit cannot be cleared, once it is set, except
on a device Reset.)
0 = 1/O lock is not active
bit 5 LOCK: PLL Lock Status bit (read-only)
1 = Indicates that PLL module is in lock or PLL start-up timer is satisfied
0 = Indicates that PLL module is out of lock, PLL start-up timer is in progress or PLL is disabled
bit 4 Unimplemented: Read as ‘0’
bit 3 CF: Clock Fail Detect bit (readable/clearable by application)
1 = FSCM has detected a clock failure
0 = FSCM has not detected A clock failure
bit 2 POSCEN: Primary Oscillator (POSC) Enable bit
1 = Enables Primary Oscillator in Sleep mode
0 = Disables Primary Oscillator in Sleep mode
bit 1 SOSCGO: 32 kHz Secondary (LP) Oscillator Enable bit

1 = Enables Secondary Oscillator independent of other SOSC enable requests; provides a way to keep
the SOSC running even when not actively used by the system

0 = Disables Secondary Oscillator; the SOSC will be enabled if directly requested by the system. Reset
on POR or BOR only.

bit 0 Unimplemented: Read as ‘0’

Note 1: The IOLOCK bit cannot be cleared once it has been set, provided that the IOL1WAY (CONFIG5H<0>) = 1.

2: If the user wants to change the clock source, ensure that the FSCM<1:0> bits (CONFIG3L<5:4>) are set
appropriately.
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3.3.2 OSCCON3 - CLOCK DIVIDER This option is described in more detail in Section 3.10.2
REGISTER (IRCF<2:0> BITS) “FRC Postscaler Mode (FRCDIV)” and Section 3.10.3

The IRCFx bits (OSCCON3<2:0>) select the postscaler FRC Oscillator with PLL Mode (FRCPLL)”.
option for the FRC Oscillator output, allowing users to
choose a lower clock frequency than the nominal 8 MHz.

REGISTER 3-3: OSCCON3: OSCILLATOR CONTROL REGISTER 3

U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-1
— — — — — IRCF2(1) IRCF1(" IRCFO(™
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 IRCF<2:0>: Reference Clock Divider bits(")

000 = FRC divide-by-1

001 = FRC divide-by-2 (default)
010 = FRC divide-by-4

011 = FRC divide-by-8

100 = FRC divide-by-16

101 = FRC divide-by-32

110 = FRC divide-by-64

111 = FRC divide-by-256

Note 1: The default FRC divide-by setting on an 8-bit device corresponds to 1 MIPS operation.

REGISTER 3-4: OSCCON4: OSCILLATOR CONTROL REGISTER 4

R/W-0 R/W-0 R/W-0 u-0 uU-0 uU-0 u-0 u-0
CPDIV1 CPDIVO PLLEN — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 CPDIV<1:0>: USB System Clock Select bits (postscaler select from 64 MHz clock branch)

00 = Input clock/1

01 = Input clock/2

10 = Input clock/4

11 = Input clock/8

bit 5 PLLEN: PLL Enable bit

1 = PLL is enabled even though it is not requested by the CPU; provides ability to “warm-up” the PLL
and keep it running to avoid the PLL start-up time. This setting will force the PLL and associated
clock source to stay active in Sleep.

0 = PLL is disabled; PLL will be automatically turned on when SRC1 is selected, or when REFO1 or
REFO2 is enabled and using the PLL clock as its source. In either case, the PLL will require a
start-up time.

bit 4-0 U