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systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC18F9/7/J60 FAMILY
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PIC18F9/7/J60 FAMILY

PIC18F66J60/66J65/67J60 (64-PIN) BLOCK DIAGRAM

FIGURE 1-1:
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Note 1. See Table 1-4 for I/O port pin descriptions.
2:  BOR functionality is provided when the on-board voltage regulator is enabled.
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PIC18F9/7/J60 FAMILY

TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT 1/O DESCRIPTIONS

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type

MCLR 9 | ST Master Clear (Reset) input. This pin is an active-low Reset to
the device.
OSC1/CLKI 49 Oscillator crystal or external clock input.
0OSC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in internal RC mode; CMOS
otherwise.
CLKI | CMOS External clock source input. Always associated with
pin function, OSC1. (See related OSC2/CLKO pin.)
0SC2/CLKO 50 Oscillator crystal or clock output.
0SC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO (0] — In Internal RC mode, OSC2 pin outputs CLKO which has

1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

PORTA is a bidirectional 1/O port.

RAO/LEDA/ANO 30
RAO I/0 TTL Digital I/O.
LEDA (0] — Ethernet LEDA indicator output.
ANO | Analog Analog Input 0.
RA1/LEDB/AN1 29
RA1 1/0 TTL Digital 1/0.
LEDB (0] — Ethernet LEDB indicator output.
AN1 | Analog Analog Input 1.
RA2/AN2/VREF- 28
RA2 I/0 TTL Digital I/O.
AN2 | Analog Analog Input 2.
VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 27
RA3 I/0 TTL Digital I/O.
AN3 | Analog Analog Input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 34
RA4 I/0 ST Digital I/O.
TOCKI | ST TimerO external clock input.
RA5/AN4 33
RA5 I/0 TTL Digital I/O.
AN4 | Analog Analog Input 4.
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)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

RN
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PIC18F9/7J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO 5
RBO I/0 TTL Digital I/O.
INTO | ST External Interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP modules); enabled
in software.
RB1/INT1 6
RB1 I/0 TTL Digital I/O.
INT1 | ST External Interrupt 1.
RB2/INT2 7
RB2 1/0 TTL Digital I/O.
INT2 | ST External Interrupt 2.
RB3/INT3/ECCP2/P2A 8
RB3 I/0 TTL Digital I/O.
INT3 | ST External Interrupt 3.
Eccp2) 1/0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2AW) o) — ECCP2 PWM Output A.
RB4/KBI0O 69
RB4 I/0 TTL Digital I/O.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 68
RB5 1/0 TTL Digital I/O.
KBI1 | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 67
RB6 I/0 TTL Digital I/O.
KBI2 | TTL Interrupt-on-change pin.
PGC 1’0 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 57
RB7 I/0 TTL Digital I/O.
KBI3 | TTL Interrupt-on-change pin.
PGD 1/0 ST In-Circuit Debugger and ICSP programming data 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)

Note 1: Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Extended Microcontroller mode).
Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

akRkrwbd
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PIC18F9/7/J60 FAMILY

TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MCLR Reset,

WDT Reset, .

Register Applicable Devices g?c\),\\lirr\:gztRRe;:; RESET Instruction, Wal;?_ll:]?e\::ig;/DT
Stack Resets,
CM Reset

CCP4CON PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X --00 0000 --00 0000 --uu uuuu
CCPR5H PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X XXXX XXXX uuuu uuuu uuuu uuuu
CCPR5L PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X XXXX XXXX uuuu uuuu uuuu uuuu
CCP5CON PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X --00 0000 --00 0000 --uu uuuu
SPBRG2 PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
RCREG2 PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
TXREG2 PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
TXSTA2 PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 0010 0000 0010 uuuu uuuu
RCSTA2 PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 000x 0000 000x uuuu uuuu
ECCP3AS PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 0000 0000 0000 uuuu uuuu
ECCP3DEL | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
ECCP2AS PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 0000 0000 0000 uuuu uuuu
ECCP2DEL | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
SSP2BUF PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X XXXX XXXX uuuu uuuu uuuu uuuu
SSP2ADD PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 0000 0000 0000 uuuu uuuu
SSP2STAT PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
SSP2CON1 | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
SSP2CON2 | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
EDATA PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X XXXX XXXX uuuu uuuu uuuu uuuu
EIR PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X -000 0-00 -000 0-00 -uuu u-uu
ECON2 PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 100- ---- 100- ---- uuu- ----
ESTAT PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X -0-0 -000 -0-0 -000 -u-u -uuu
EIE PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X -000 0-00 -000 0-00 -uuu u-uu
EDMACSH PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
EDMACSL PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
EDMADSTH | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X ---0 0000 ---0 0000 ---u uuuu
EDMADSTL | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
EDMANDH PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X ---0 0000 ---0 0000 ---u uuuu
EDMANDL PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 0000 0000 0000 uuuu uuuu
EDMASTH PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X ---0 0000 ---0 0000 ---u uuuu
EDMASTL PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 0000 0000 0000 0000 uuuu uuuu
ERXWRPTH | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X ---0 0000 ---0 0000 ---u uuuu
ERXWRPTL | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 0000 0000 0000 0000 uuuu uuuu
ERXRDPTH | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X ---0 0101 ---0 0101 ---u uuuu
ERXRDPTL | PIC18F6XJ6X | PIC18F8XJ6X | PIC18FIXJ6X 1111 1010 1111 1010 uuuu uuuu
ERXNDH PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X ---1 1111 ---1 1111 ---u uuuu
ERXNDL PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 1111 1111 1111 1111 uuuu uuuu
ERXSTH PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X ---0 0101 ---0 0101 ---u uuuu
ERXSTL PIC18F6XJ6X | PIC18F8XJ6X | PIC18F9XJ6X 1111 1010 1111 1010 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with

Note 1:

the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector

(0008h or 0018h).

3:  One or more bits in the INTCONX or PIRx registers will be affected (to cause wake-up).
4: See Table 5-1 for Reset value for specific condition.

© 2011 Microchip Technology Inc.
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REGISTER 7-1: EECON1: EEPROM CONTROL REGISTER 1

U-0 U-0 U-0 R/W-0 R/W-x R/W-0 R/S-0 U-0
— — — FREE WRERR WREN WR —
bit 7 bit 0
Legend: S = Settable 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 7-5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command (cleared by
completion of erase operation)
0 = Perform write-only
bit 3 WRERR: Flash Program Error Flag bit
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation or an improper write attempt)
0 = The write operation completed
bit 2 WREN: Flash Program Write Enable bit
1 = Allows write cycles to Flash program memory
0 = Inhibits write cycles to Flash program memory
bit 1 WR: Write Control bit
1 = Initiates a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once the write is complete.
The WR bit can only be set (not cleared) in software.)
0 = Write cycle complete

bit 0 Unimplemented: Read as ‘0’

© 2011 Microchip Technology Inc. DS39762F-page 107
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8.1 External Memory Bus Control The operation of the EBDIS bit is also influenced by the

) ) ) program memory mode being used. This is discussed
The operation of the interface is controlled by the in more detail in Section 8.5 “Program Memory
MEMCON register (Register 8-1). This register is Modes and the External Memory Bus”.

available in all program memory operating modes,
except Microcontroller mode. In this mode, the register
is disabled and cannot be written to.

The EBDIS bit (MEMCON<7>) controls the operation
of the bus and related port functions. Clearing EBDIS
enables the interface and disables the I/O functions of
the ports, as well as any other functions multiplexed to
those pins. Setting the bit enables the 1/0O ports and
other functions, but allows the interface to override
everything else on the pins when an external memory
operation is required. By default, the external bus is
always enabled and disables all other I/Os.

The WAIT bits allow for the addition of Wait states to
external memory operations. The use of these bits is
discussed in Section 8.3 “Wait States”.

The WM bits select the particular operating mode used
when the bus is operating in 16-Bit Data Width mode.
These operating modes are discussed in more detail in
Section 8.6 “16-Bit Data Width Modes”. The WM bits
have no effect when an 8-Bit Data Width mode is
selected.

REGISTER 8-1: MEMCON: EXTERNAL MEMORY BUS CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0
EBDIS — WAIT1 WAITO — — WM1 WMO
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 EBDIS: External Bus Disable bit

1 = External bus is enabled when microcontroller accesses external memory; otherwise, all external
bus drivers are mapped as 1/O ports
0 = External bus is always enabled, /O ports are disabled
bit 6 Unimplemented: Read as ‘0’
bit 5-4 WAIT<1:0>: Table Reads and Writes Bus Cycle Wait Count bits
11 = Table reads and writes will wait 0 Tcy
10 = Table reads and writes will wait 1 Tcy
01 = Table reads and writes will wait 2 Tcy
00 = Table reads and writes will wait 3 Tcy
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 WM<1:0>: TBLWI Operation with 16-Bit Data Bus Width Select bits
1x = Word Write mode: WRH is active when TABLAT is written to and TBLPTR contains an odd
address. When TBLPTR contains an even address, writing to TABLAT loads a holding latch with
the value written. L
01 = Byte Select mode: TABLAT data is copied on both MSB and LSB; WRH and (UB or LB)
will activate
00 = Byte Write mode: TABLAT data is copied on both MSB and LSB; WRH or WRL will activate

DS39762F-page 116 © 2011 Microchip Technology Inc.
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11.4 PORTC, TRISC and
LATC Registers

PORTC is an 8-bit wide, bidirectional port; it is fully
implemented on all devices. The corresponding Data
Direction register is TRISC. Setting a TRISC bit (= 1)
will make the corresponding PORTC pin an input (i.e.,
put the corresponding output driver in a
High-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).
Only PORTC pins, RC2 through RC7, are digital only
pins and can tolerate input voltages up to 5.5V.

The Output Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register read and write the latched output value for
PORTC.

PORTC is multiplexed with several peripheral functions
(Table 11-7). The pins have Schmitt Trigger input
buffers. RC1 is normally configured by Configuration
bit, CCP2MX, as the default peripheral pin for the
ECCP2 module and Enhanced PWM output, P2A
(default state, CCP2MX = 1).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,
while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for the correct TRIS bit settings.

Note:  These pins are configured as digital inputs
on any device Reset.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 11-3:
CLRF  PORTC

INITIALIZING PORTC

; Initialize PORTC by
cl earing out put

; data latches

; Alternate method

CLRF LATC
; to clear output
; data |atches
MOVLW  OCFh ; Value used to

;initialize data

; direction

; Set RC<3:0> as inputs
; RC<5:4> as outputs

; RC<7:6> as inputs

MOVWF  TRI SC

© 2011 Microchip Technology Inc.
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121

Timer0 can operate as either a timer or a counter; the
mode is selected with the TOCS bit (TOCON<5>). In
Timer mode (TOCS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 12.3 “Prescaler”). If the
TMRO register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

The Counter mode is selected by setting the TOCS bit
(= 1). In this mode, Timer0O increments either on every
rising or falling edge of pin, RA4/TOCKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit, TOSE (TOCON<4>); clearing this bit selects
the rising edge. Restrictions on the external clock input
are discussed below.

Timer0 Operation

An external clock source can be used to drive TimerO;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

internal phase clock (Tosc). There is a delay between
synchronization and the onset of incrementing the
timer/counter.

12.2 Timer0O Reads and Writes in
16-Bit Mode

TMROH is not the actual high byte of TimerO in 16-bit
mode. It is actually a buffered version of the real high
byte of TimerO which is not directly readable nor writ-
able (refer to Figure 12-2). TMROH is updated with the
contents of the high byte of TimerO during a read of
TMROL. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte was valid, due to a rollover between
successive reads of the high and low byte.

Similarly, a write to the high byte of Timer0 must also
take place through the TMROH Buffer register. The high
byte is updated with the contents of TMROH when a
write occurs to TMROL. This allows all 16 bits of Timer0
to be updated at once.

FIGURE 12-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/4 0
Sync with Set
1 Internal ——® TMROL TMROIF
TOCKI pin Clocks on Overflow
TOSE (2 Tcy Delay)
TOCS |! 3 8
TOPS<2:0>
PSA ¢ > Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
FIGURE 12-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
Sync with Set
TMRO
1 Internal —>| TMROL ‘ High Byte TMROIIIZ_fI
TOCKI pin Programmable Clocks on Overflow
Prescaler 8
TOSE (2 Tcy Delay)
Tocs r 3 \ /— Read TMROL
TOPS<2:0> _
PSA N Write TMROL
8 8
TMROH
8
< :> Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
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19.1 Physical Interfaces and External
Connections

19.1.1 SIGNAL AND POWER INTERFACES

PIC18F97J60 family devices all provide a dedicated
4-pin signal interface for the Ethernet module. No other
microcontroller or peripheral functions are multiplexed
with these pins, so potential device configuration
conflicts do not need to be considered. The pins are:

» TPIN+: Differential plus twisted-pair input

» TPIN-: Differential minus twisted-pair input

» TPOUT+: Differential plus twisted-pair output
« TPOUT-: Differential minus twisted-pair output

No provisions are made for providing or receiving
digital Ethernet data from an external Ethernet PHY.

In addition to the signal connections, the Ethernet mod-
ule has its own independent voltage source and ground
connections for the PHY module. Separate connections
are provided for the receiver (VDDRX and VSSRX), the
transmitter (VDDTX and VsSSTX) and the transmitter’s
internal PLL (VDDPLL and VssPLL). Although the voltage
requirements are the same as VDD and Vss for the
microcontroller, the pins are not internally connected.
For the Ethernet module to operate properly, supply
voltage and ground must be connected to these pins. All
of the microcontroller’'s power and ground supply pins
should be externally connected to the same power
source or ground node, with no inductors or other filter
components between the microcontroller and Ethernet
module’s VDD pins.

Besides the independent voltage connections, the PHY
module has a separate bias current input pin, RBIAS. A
bias current, derived from an external resistor, must be
applied to RBIAS for proper transceiver operation.

19.1.2 LED CONFIGURATION

The PHY module provides separate outputs to drive the
standard Ethernet indicators, LEDA and LEDB. The LED
outputs are multiplexed with PORTA pins, RAO and RA1.
Their use as LED outputs is enabled by setting the Con-
figuration bit, ETHLED (Register 25-6, CONFIG3H<2>).
When configured as LED outputs, RAO/LEDA and
RA1/LEDB have sufficient drive capacity (up to 25 mA)
to directly power the LEDs. The pins must always be
configured to supply (source) current to the LEDs. Users
must also configure the pins as outputs by clearing
TRISA<1:0>.

The LEDs can be individually configured to
automatically display link status, RX/TX activity, etc. A
configurable stretch capability prolongs the LED blink
duration for short events, such as a single packet
transmit, allowing human perception. The options are
controlled by the PHLCON register (Register 19-13).
Typical values for blink stretch are listed in Table 19-1.
TABLE 19-1: LED BLINK STRETCH
LENGTH

Stretch Length

Typical Stretch (ms)

TNSTRCH (normal) 40
TMSTRCH (medium) 70
TLSTRCH (long) 140

19.1.3 OSCILLATOR REQUIREMENTS

The Ethernet module is designed to operate at 25 MHz.
This is provided by the primary microcontroller clock,
either with a 25 MHz crystal connected to the OSC1
and OSC2 pins or an external clock source connected
to the OSC1 pin. No provision is made to clock the
module from a different source.

To maintain the required clock frequency, the microcon-
troller can operate only from the primary oscillator
source (PRI_RUN or PRI_IDLE modes) while the
Ethernet module is enabled. Using any other
power-managed mode will require that the Ethernet
module be disabled.

19.1.3.1

The Ethernet module contains a start-up timer,
independent of the microcontroller’'s OST, to ensure
that the PHY module’s PLL has stabilized before
operation. Clearing the module enable bit, ETHEN
(ECON2<5>), clears the PHYRDY status bit
(ESTAT<0>). Setting the ETHEN bit causes this
start-up timer to start counting. When the timer expires,
after 1 ms, the PHYRDY bit will be automatically set.

After enabling the module by setting the ETHEN bit, the
application software should always poll PHYRDY to
determine when normal Ethernet operation can begin.

Start-up Timer
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19.2 Ethernet Buffer and Register

Spaces

The Ethernet module uses three independent memory

spaces for its operations:

» An Ethernet RAM buffer which stores packet data
as it is received and being prepared for
transmission.

» A set of 8-bit Special Function Registers (SFRs),
used to control the module, and pass data back and
forth between the module and microcontroller core.

» A separate set of 16-bit PHY registers used
specifically for PHY control and status reporting.

FIGURE 19-4:
MEMORY SPACES

The Ethernet buffer and PHY Control registers are
contained entirely within the Ethernet module and can-
not be accessed directly by the microcontroller. Data is
transferred between the Ethernet and microcontroller
by using buffer and pointer registers mapped in the
microcontroller’'s SFR space. The relationships
between the SFRs and the Ethernet module’s memory
spaces are shown in Figure 19-4.

RELATIONSHIP BETWEEN MICROCONTROLLER AND ETHERNET

Microcontroller SFRs

Ethernet Data

Ethernet Module

EDATA -

EWRPT(H:L)

ETXND(H:L) Buffer Address

A

ERXST(H:L)
ERXND(H:L)
ERXRDPT(H:L)
ERXWRPT(H:L)

MIRD(H:.L) |-

PHY Register Data (In/Out)

PHY Registers

I
I
I
I
I
I
I
ERDPT(H:L) |
I
I
I
I
I
I
|
I

MIWR(H:L)

| PHY Register Address

\i

MIREGADR

|
|
|
|
|
|
|
|
| ETXST(H.L)
|
|
|
|
|
|
|
|
|

Note:
not shown to scale.

Microcontroller SFRs are not shown in the order of their placement in the data memory space. Memory areas are
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REGISTER 19-5: MACONS3: MAC CONTROL REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PADCFG2 PADCFG1 PADCFGO | TXCRCEN PHDREN HFRMEN FRMLNEN FULDPX
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 7-5 PADCFG<2:0>: Automatic Pad and CRC Configuration bits

111 = All short frames are zero-padded to 64 bytes and a valid CRC will then be appended

110 = No automatic padding of short frames

101 = MAC automatically detects VLAN protocol frames which have a 8100h type field and auto-
matically pad to 64 bytes. If the frame is not a VLAN frame, it is padded to 60 bytes. After padding,
a valid CRC is appended.

100 = No automatic padding of short frames

011 = All short frames are zero-padded to 64 bytes and a valid CRC is appended

010 = No automatic padding of short frames

001 = All short frames are zero-padded to 60 bytes and a valid CRC is appended

000 = No automatic padding of short frames

bit 4 TXCRCEN: Transmit CRC Enable bit
1= MAC appends a valid CRC to all frames transmitted, regardless of the PADCFG<2:0> bits.
TXCRCEN must be set if the PADCFG bits specify that a valid CRC is appended.
0 = MAC does not append a CRC. The last 4 bytes are checked and if it is an invalid CRC, it is
reported in the transmit status vector.
bit 3 PHDREN: Proprietary Header Enable bit
1 = Frames presented to the MAC contain a 4-byte proprietary header which is not used when
calculating the CRC
0 = No proprietary header is present; the CRC covers all data (normal operation)
bit 2 HFRMEN: Huge Frame Enable bit
1 = Jumbo frames and frames of any illegal size are allowed to be transmitted and received
0 = Frames bigger than MAMXFL are truncated when transmitted or received
bit 1 FRMLNEN: Frame Length Checking Enable bit
1 = The type/length field of transmitted and received frames is checked. If it represents a length, the
frame size is compared and mismatches are reported in the transmit/receive status vector.
0 = Frame lengths are not compared with the type/length field
bit 0 FULDPX: MAC Full-Duplex Enable bit

1 = MAC operates in Full-Duplex mode; application must also set PDPXMD (PHCON1<8>)
0 = MAC operates in Half-Duplex mode; application must also clear PDPXMD
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NOTES:

DS39762F-page 268 © 2011 Microchip Technology Inc.



PIC18F9/7J60 FAMILY

FIGURE 21-1: AUTOMATIC BAUD RATE CALCULATION

BRa vaive 000 Y oooon | 0000000000 e

\ — Edge #1 'S Edge #2 ' Edge #3 'S Edge #4 's IEdge #5

RXx pin

| Start [ Bito | Bit1 [Bit2 | Bit3 [ Bit4 | Bit5 [ Bit6 | Bit7 | Stop Bit

BRG Clock

Set by User ! ! ~— Auto-Cleared
ABDEN bit N ’

RCxIF bit . :
(Interrupt) . 1 !
Read ! \ X
RCREGx ! . |

SPBRGx ' © XXXXh X ' 1Ch

SPBRGHXx XXXXh X 00h

Note: The ABD sequence requires the EUSARTx module to be configured in Asynchronous mode and WUE = 0.

FIGURE 21-2: BRG OVERFLOW SEQUENCE

BRG Clock Bq

cC
ABDEN bit / JJ
RXx pin \ st [ Bito | cc
)

ABDOVF bit cc /
)

FFFFh

BRG Value [ 000t | 00001 O O 0 0 O O BT
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21.4 EUSARTXx Synchronous
Slave Mode

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTAx<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CKx pin (instead of being supplied
internally in Master mode). This allows the device to
transfer or receive data while in any low-power mode.

21.4.1 EUSARTx SYNCHRONOUS

SLAVE TRANSMISSION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep mode.

If two words are written to the TXREGx and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in the TXREGx
register.

c) Flag bit, TXxIF, will not be set.

d) When the first word has been shifted out of TSR,
the TXREGx register will transfer the second word
to the TSR and flag bit, TXxIF, will now be set.

e) If enable bit, TXXIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt

To set up a Synchronous Slave Transmission:

1. Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

2. Clear bits, CREN and SREN.

3. If the signal from the CKXx pin is to be inverted,
set the TXCKP bit. If the signal from the DTx pin
is to be inverted, set the RXDTP bit.

4. |If interrupts are desired, set enable bit, TXxIE.

5. If 9-bit transmission is desired, set bit, TX9.

6. Enable the transmission by setting enable bit,
TXEN.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

8. Start transmission by loading data to the
TXREGX register.

9. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

vector.
TABLE 21-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 69
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | CCP1IF | TMR2IF | TMR1IF 71
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | CCP1IE | TMR2IE | TMR1IE 71
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | CCP1IP | TMR2IP | TMR1IP 71
PIR3 SSP2IF BCL2IF RC2IF | TX2IF® | TMR4IF | CCP5IF | CCP4IF | CCP3IF 71
PIE3 SSP2IE BCL2IE RC2IE | TX2IE® | TMR4IE | CCP5IE | CCP4IE | CCP3IE 71
IPR3 SSP2IP BCL2IP RC2IP | TX2IP®Y) | TMR4IP | CCP5IP | CCP4IP | CCP3IP 71
RCSTAX SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 71
TXREGx EUSARTXx Transmit Register 71
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 71
BAUDCONx | ABDOVF | RCIDL RXDTP | TXCKP BRG16 — WUE ABDEN 72
SPBRGHx |EUSARTx Baud Rate Generator Register High Byte 72
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 72
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
Note 1: These bits are only available in 80-pin and 100-pin devices; otherwise, they are unimplemented and read as ‘0’.
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After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.
To determine acquisition time, see Section 22.1 “A/D
Acquisition Requirements”. After this acquisition
time has elapsed, the A/D conversion can be started.
An acquisition time can be programmed to occur
between setting the GO/DONE bit and the actual start
of the conversion.

The following steps should be followed to do an A/D
conversion:
1. Configure the A/D module:

» Configure analog pins, voltage reference and
digital I/O (ADCONT1)

» Select A/D input channel (ADCONO)

» Select A/D acquisition time (ADCON2)
» Select A/D conversion clock (ADCON2)
e Turn on A/D module (ADCONO)

FIGURE 22-2: ANALOG INPUT MODEL

2. Configure A/D interrupt (if desired):
 Clear ADIF bit
« Set ADIE bit
+ Set GIE bit
3. Wait the required acquisition time (if required).
4. Start conversion:
+ Set GO/DONE bit (ADCONO0<1>)
5. Wait for A/D conversion to complete, by either:
» Polling for the GO/DONE bit to be cleared

OR

» Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL);
clear bit, ADIF, if required.

7. For the next conversion, go to Step 1 or Step 2,
as required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before next acquisition starts.

VT =0.6V

+ ANX

Sampling
Switch

Rc<tk ' SS Rss !

Voo
% VT =0.6V

ILEAKAGE —— CHoLD = 25 pF
+100 nA
les
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to VDD
various junctions
Ric = Interconnect Resistance
SS = Sampling Switch
CHoLD = Sample/Hold Capacitance (from DAC) ——————
Rss = Sampling Switch Resistance 1 2 3 4
Sampling Switch (kQ)
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FIGURE 23-3:

COMPARATOR OUTPUT BLOCK DIAGRAM

Port Pins

To CxOUT

MULTIPLEX

pin

D Q Bus

CxINV

Data

Read CMCON —1>—I>o

Set
D Q CMIF

Reset

bit
EN CL
From
Other

Comparator

23.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR2<6>) is the Comparator Interrupt Flag. The
CMIF bit must be reset by clearing it. Since it is also
possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

Both the CMIE bit (PIE2<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit (INTCON<7>) must also be set. If
any of these bits are clear, the interrupt is not enabled,
though the CMIF bit will still be set if an interrupt
condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR2
register) interrupt flag may not get set.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCON will end the
mismatch condition.

b) Clear flag bit, CMIF.

A mismatch condition will continue to set flag bit, CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit, CMIF, to be cleared.

23.7 Comparator Operation
During Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode, when enabled.
Each operational comparator will consume additional
current, as shown in the comparator specifications. To
minimize power consumption while in Sleep mode, turn
off the comparators (CM<2:0> = 111) before entering
Sleep. If the device wakes up from Sleep, the contents
of the CMCON register are not affected.

23.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator modules to be turned off
(CM<2:0>=111). However, the input pins (RF3
through RF6) are configured as analog inputs by
default on device Reset. The I/O configuration for these
pins is determined by the setting of the PCFG<3:0> bits
(ADCON1<3:0>). Therefore, device current is
minimized when analog inputs are present at Reset
time.
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FIGURE 24-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
VRer+ | CVRSS = 1
\c |_|
Voo [ CVRSS =0 8R
CVR<3:0>
CVREN R
RZ
RZ
" .
16 Steps ! . . =
| o o ‘g CVREF
1 -
R § =
RZ
RZ
CVRR } 1 8R
VRer. CVRSS = 1 |
~N ]

ICVRSS =0

24.2 Comparator Voltage Reference
Accuracy/Error

The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 24-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 28.0 “Electrical Characteristics”.

24.3 Operation During Sleep

When the device wakes up from Sleep through an
interrupt, or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

24.4 Effects of a Reset

A device Reset disables the voltage reference by
clearing bit, CVREN (CVRCON<7>). This Reset also
disconnects the reference from the RA2 pin by clearing
bit, CVROE (CVRCON<6>), and selects the
high-voltage range by clearing bit, CVRR
(CVRCON<5>). The CVR value select bits are also
cleared.

245 Connection Considerations

The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RF5 pin if the
CVROE bit is set. Enabling the voltage reference out-
put onto RA2, when it is configured as a digital input,
will increase current consumption. Connecting RF5 as
a digital output with CVRSS enabled will also increase
current consumption.

The RF5 pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage
reference output for external connections to VREF.
Figure 24-2 shows an example buffering technique.
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29.2 Package Details
The following sections give the technical details of the packages.

64-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D1

R RTRTRTRTRIRTATA

=N

N
® IR

NOTE 1 123 NOTE 2

[
IR A

il

Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 64
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-085B
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APPENDIX B:

DEVICE

DIFFERENCES

The differences between the devices listed in this data

sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES BETWEEN PIC18F97J60 FAMILY MEMBERS
o Lo (@] o Lo (@] o Lo o
O © © O © O O © O
Lye} = el Lye} = ) Lye} = )
(o] (e} N~ (o] (e} N~ (o] (e} N~
Feat & 0 0 4 i 0 v x x
eatures [ce] [ce} [ce} [ce] [ce} [ce} [ce] [ce} [ce}
i — — — — — — - -
Q Q Q Q Q Q Q Q Q
o a a o a a o a a
Program Memory (Bytes) 64K 96K 128K 64K 96K 128K 64K 96K 128K
Program Memory 32764 | 49148 | 65532 | 32764 | 49148 | 65532 | 32764 | 49148 | 65532
(Instructions)
Interrupt Sources 26 27 29
1/0 Ports (Pins) Ports A,B,C,D,E,F,G |PortsA,B,C,D,E,F, G H,J|PortsA,B,C,D,E,F, G H, J
(39) (55) (70)
Enhanced USART Modules 1 2
MSSP Modules 1 2
Parallel Slave Port No Yes
Communications (PSP)
External Memory Bus No Yes

10-Bit Analog-to-Digital
Module

11 input channels

15 input channels

16 input channels

Packages

64-pin TQFP

80-pin TQFP

100-pin TQFP
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