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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit
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Brown-out Detect/Reset, POR, PWM, WDT
70

128KB (64K x 16)

FLASH

3808 x 8

2V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-TQFP

100-TQFP (14x14)

https://www.e-xfl.com/product-detail/microchip-technology/pic18f97j60-i-pf

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic18f97j60-i-pf-4378650
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC18F9/7J60 FAMILY

TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTJ is a bidirectional 1/0 port.
RJ4 39 I/0 ST Digital I/O.
RJ5 40 I/0 ST Digital I/0
Vss 11, 31,51, 70 P — Ground reference for logic and 1/O pins.
VDD 32,48, 71 P — Positive supply for peripheral digital logic and 1/O pins.
AVss 26 P — Ground reference for analog modules.
AVDD 25 P — Positive supply for analog modules.
ENVREG 24 | ST Enable for on-chip voltage regulator.
VDDCORE/VCAP 12 Core logic power or external filter capacitor connection.
VDDCORE P — Positive supply for microcontroller core logic
(regulator disabled).
VcAap P — External filter capacitor connection (regulator enabled).
VSSPLL 67 P — Ground reference for Ethernet PHY PLL.
VDDPLL 66 P — Positive 3.3V supply for Ethernet PHY PLL.
VSSTX 64 P — Ground reference for Ethernet PHY transmit subsystem.
VDDTX 61 P — Positive 3.3V supply for Ethernet PHY transmit subsystem.
VSSRX 57 P — Ground reference for Ethernet PHY receive subsystem.
VDDRX 60 P — Positive 3.3V supply for Ethernet PHY receive subsystem.
RBIAS 65 | Analog |Bias current for Ethernet PHY. Must be tied to Vss via a resistor;
see Section 19.0 “ Ethernet Module” for specification.
TPOUT+ 63 (0] — Ethernet differential signal output.
TPOUT- 62 (0] — Ethernet differential signal output.
TPIN+ 59 | Analog |Ethernet differential signal input.
TPIN- 58 | Analog |Ethernet differential signal input.
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)

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

Rrowbd

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).
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PIC18F9/7/J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT 1/O DESCRIPTIONS

Pin Number | pj | gyffer

Pin Name Description
TQFP Type | Type P

MCLR 13 | ST Master Clear (Reset) input. This pin is an active-low Reset to
the device.
OSC1/CLKI 63 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 64 Oscillator crystal or clock output.
0SscC2 (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 35
RAO I/0 TTL Digital I/O.
LEDA (0] — Ethernet LEDA indicator output.
ANO | Analog Analog Input 0.
RA1/LEDB/AN1 34
RA1 1/0 TTL Digital 1/0.
LEDB (0] — Ethernet LEDB indicator output.
AN1 | Analog Analog Input 1.
RA2/AN2/VREF- 33
RA2 I/0 TTL Digital I/O.
AN2 | Analog Analog Input 2.
VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 32
RA3 I/0 TTL Digital I/O.
AN3 | Analog Analog Input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 42
RA4 I/0 ST Digital I/O.
TOCKI | ST Timer0 external clock input.
RA5/AN4 41
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: 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 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

Pin Name Pin Buffer Description
TQFP Type | Type
PORTC is a bidirectional 1/0 port.
RCO/T10SO/T13CKI 44
RCO I/0 ST Digital I/O.
T10SO o — Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/ECCP2/P2A 43
RC1 I/0 ST Digital 1/0.
T10SI | CMOS Timer1 oscillator input.
ECCP2@ 110 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A@) o} — ECCP2 PWM Output A.
RC2/ECCP1/P1A 53
RC2 I/0 ST Digital 1/0.
ECCP1 110 ST Capture 1 input/Compare 1 output/PWM1 output.
P1A 0} — ECCP1 PWM Output A.
RC3/SCK1/SCL1 54
RC3 I/0 ST Digital I/O.
SCK1 I/0 ST Synchronous serial clock input/output for SPI mode.
SCL1 1’0 ST Synchronous serial clock input/output for I°C™ mode.
RC4/SDI1/SDA1 55
RC4 I/0 ST Digital I/O.
SDI1 | ST SPI data in.
SDA1 110 ST I2C data /0.
RC5/SDO1 56
RC5 I/0 ST Digital I/O.
SDO1 o} — SPI data out.
RC6/TX1/CK1 45
RC6 I/0 ST Digital I/O.
™1 (0] — EUSART1 asynchronous transmit.
CK1 1/0 ST EUSART1 synchronous clock (see related RX1/DT1 pin).
RC7/RX1/DT1 46
RC7 I/0 ST Digital I/O.
RX1 | ST EUSART1 asynchronous receive.
DT1 I/0 ST EUSART1 synchronous data (see related TX1/CK1 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).

akkrwbd

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).

© 2011 Microchip Technology Inc.
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PIC18F9/7/J60 FAMILY

3.7.1 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 3-2) controls several
aspects of the device clock’'s operation, both in
full-power operation and in power-managed modes.

The System Clock Select bits, SCS<1:0>, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC<2:0> Configura-
tion bits), the secondary clock (Timer1 oscillator) and
the internal oscillator. The clock source changes after
one or more of the bits are changed, following a brief
clock transition interval.

The OSTS (OSCCON<3>) and T1RUN (T1CON<6>)
bits indicate which clock source is currently providing
the device clock. The T1IRUN bit indicates when the
Timer1 oscillator is providing the device clock in
secondary clock modes. In power-managed modes,
only one of these bits will be set at any time. If neither
bit is set, the INTRC source is providing the clock, or
the internal oscillator has just started and is not yet
stable.

The IDLEN bit determines if the device goes into Sleep
mode or one of the Idle modes when the SLEEP
instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 4.0
“Power-Managed Modes”.

Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T10SCEN bit in the Timer1 Control reg-
ister (T1CON<3>). If the Timer1 oscillator
is not enabled, then any attempt to select

a secondary clock source will be ignored.

2: It is recommended that the Timer1
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the Timer1
oscillator starts.

REGISTER 3-2: OSCCON: OSCILLATOR CONTROL REGISTER
R/W-0 U-0 U-0 U-0 R-q U-0 R/W-0 R/W-0
IDLEN — — — osTs®W — SCS1 SCSO
bit 7 bit 0
Legend: g = Value determined by configuration
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

bit 6-4
bit 3

bit 2
bit 1-0

Note 1:

IDLEN: Idle Enable bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters Sleep mode on SLEEP instruction

Unimplemented: Read as ‘0’

OSTS: Oscillator Status bit™®)

1 = Device is running from oscillator source defined when SCS<1:0> = 00

0 = Device is running from oscillator source defined when SCS<1:0>=01, 10 or 11
Unimplemented: Read as ‘0’

SCS<1:0>: System Clock Select bits

11 = Internal oscillator
10 = Primary oscillator
01 = Timer1 oscillator
When FOSC2 =1;

00 = Primary oscillator
When FOSC2 = 0;

00 = Internal oscillator

Reset value is ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.

© 2011 Microchip Technology Inc.

DS39762F-page 53



PIC18F9/7/J60 FAMILY

8.6.3 16-BIT BYTE SELECT MODE

Figure 8-3 shows an example of 16-Bit Byte Select
mode. This mode allows table write operations to
word-wide external memories with byte selection
capability. This generally includes both word-wide
Flash and SRAM devices.

During a TBLWI cycle, the TABLAT data is presented
on the upper and lower byte of the AD<15:0> bus. The
WRH signal is strobed for each write cycle; the WRL
pin is not used. The BAO or UB/LB signals are used to
select the byte to be written based on the Least
Significant bit of the TBLPTR register.

Flash and SRAM devices use different control signal
combinations to implement Byte Select mode. JEDEC
standard Flash memories require that a controller I/O
port pin be connected to the memory’s BYTE/WORD
pin to provide the select signal. They also use the BAO
signal from the controller as a byte address. JEDEC
standard, static RAM memories, on the other hand, use
the UB or LB signals to select the byte.

FIGURE 8-3: 16-BIT BYTE SELECT MODE EXAMPLE
< >
PIC18F97J60 I
AD<7:0> |4 Pl 373 201> »/A<x:1>  JEDEC Word
E— FLASH Memory
D<15:0>
D<15:0> H
3 —
AD<15:8> | > =138 CE
N 373 =P A0
ALE BYTEWORD OE WR®
A<19:16>? >
OE
WRH
A<201> P! A<x:1>  JEDEC Word
BAO SRAM Memory
I/0 D<15:0>
LJ|CE D<15:0> | =
LB LB
uB UB OE WR®
CE i
Address Bus —
Data Bus ——
Control Lines e
Note 1: This signal only applies to table writes. See Section 7.1 “Table Reads and Table Writes”.
2:  The upper order address lines are used only for 20-bit address width.
3:  Demultiplexing is only required when multiple memory devices are accessed.

© 2011 Microchip Technology Inc.
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19.3  Ethernet Interrupts Note:  Except for the LINKIF interrupt flag,
The Ethernet module can generate multiple interrupt interrupt flag bits are set when an interrupt
conditions. To accommodate all of these sources, the condition occurs, regardless of the state of
module has its own interrupt logic structure, similar to its corresponding enable bit or the associ-
that of the microcontroller. Separate sets of registers ated global enable bit. User software
are used to enable and flag different interrupt should ensure the appropriate interrupt
conditions. flag bits are clear prior to enabling an
The EIE register contains the individual interrupt |nct)ﬁirr:upt. This feature allows for software
enable bits for each source, while the EIR register con- pond.

.talns the corresponsimg |nterrupt' flag bits. When an 19.3.1 CONTROL INTERRUPT (ETHIE)
interrupt occurs, the interrupt flag is set. If the interrupt

is enabled in the EIE register, and the corresponding The four registers associated with the control interrupts
ETHIE Global Interrupt Enable bit is set, the micro- are shown in Register 19-14 through Register 19-17.

controller’s master Ethernet Interrupt Flag (ETHIF) is
set, as appropriate (see Figure 19-7).

FIGURE 19-7: ETHERNET MODULE INTERRUPT LOGIC

PKTIF
PKTIE

DMAIF

PLNKIF PGIF DMAIE
PLNKIE:D—<D LINKIF

PGEIE

LINKIE —|

TXIF —]

TXIE —

TXERIF —

TXERIE —|

RXERIF —
RXERIE —

LLLLIT

; ) D—» Set ETHIF
ETHIE—|
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REGISTER 19-15: EIR: ETHERNET INTERRUPT REQUEST (FLAG) REGISTER

uU-0 R-0 R/C-0 R-0 R/C-0 u-0 R/C-0 R/C-0

— PKTIF DMAIF LNKIF | T™@WF | — | TXERIF | RXERF
bit 7 bit 0
Legend:
R = Readable bit C = Clearable 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 Unimplemented: Read as ‘0’
bit 6 PKTIF: Receive Packet Pending Interrupt Flag bit

1 = Receive buffer contains one or more unprocessed packets; cleared only when EPKTCNT is
decremented to 0 by setting PKTDEC (ECON2<6>)
0 = Receive buffer is empty
bit 5 DMAIF: DMA Interrupt Flag bit
1 = DMA copy or checksum calculation has completed
0 = No DMA interrupt is pending
bit 4 LINKIF: Link Change Interrupt Flag bit
1 = PHY reports that the link status has changed; read PHIR register to clear
0 = Link status has not changed
bit 3 TXIF: Transmit Interrupt Flag bit
1 = Transmit request has ended
0 = No transmit interrupt is pending
bit 2 Unimplemented: Read as ‘0’
bit 1 TXERIF: Transmit Error Interrupt Flag bit
1 = A transmit error has occurred
0 = No transmit error has occurred
bit 0 RXERIF: Receive Error Interrupt Flag bit

1 = A packet was aborted because there is insufficient buffer space, or a buffer overrun has occurred
0 = No receive error interrupt is pending

© 2011 Microchip Technology Inc. DS39762F-page 241
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NOTES:
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REGISTER 20-5: SSPxCON2: MSSPx CONTROL REGISTER 2 (I°C™ MASTER MODE)

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

GCEN ACKSTAT | ACKDT® | ACKEN® | RCEN® | PEN® RSEN® | SEN®
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 GCEN: General Call Enable bit (Slave mode only)

Unused in Master mode.

bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave
bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)®)
1 = Not Acknowledged
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit®
1 = Initiate Acknowledge sequence on SDAx and SCLx pins and transmit ACKDT data bit.
Automatically cleared by hardware.
0 = Acknowledge sequence Idle
bit 3 RCEN: Receive Enable bit (Master Receive mode only)®
1 = Enables Receive mode for I1°C
0 = Receive Idle
bit 2 PEN: Stop Condition Enable bit(?)
1 = Initiate Stop condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enable bit(®
1 = Initiate Repeated Start condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enable/Stretch Enable bit(®)

1 = Initiate Start condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Start condition Idle

Note 1: Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.

2:  Ifthe I2C module is active, these bits may not be set (no spooling) and the SSPxBUF may not be written
(or writes to the SSPxBUF are disabled).

DS39762F-page 282 © 2011 Microchip Technology Inc.




PIC18F9/7J60 FAMILY

20.4.3.3 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPxSTAT
register is cleared. The received address is loaded into
the SSPxBUF register and the SDAXx line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit, BF (SSPxSTAT<0>),
is set, or bit, SSPOV (SSPxCON1<6>), is set.

An MSSP interrupt is generated for each data transfer
byte. The interrupt flag bit, SSPxIF, must be cleared in
software. The SSPxSTAT register is used to determine
the status of the byte.

If SEN is enabled (SSPxCON2<0> = 1), SCKx/SCLx
(RC3 or RD6) will be held low (clock stretch) following
each data transfer. The clock must be released by
setting bit, CKP (SSPxCON1<4>). See Section 20.4.4
“Clock Stretching” for more details.

20.4.34

When the R/W bit of the incoming address byte is set and
an address match occurs, the R/W bit of the SSPxSTAT
register is set. The received address is loaded into the
SSPxBUF register. The ACK pulse will be sent on the
ninth bit and pin RC3 or RD6 is held low, regardless of
SEN (see Section 20.4.4 “Clock Stretching” for more
details). By stretching the clock, the master will be unable
to assert another clock pulse until the slave is done
preparing the transmit data. The transmit data must be
loaded into the SSPxBUF register which also loads the
SSPxSR register. Then, pin, RC3 or RD6, should be
enabled by setting bit, CKP (SSPxCON1<4>). The eight
data bits are shifted out on the falling edge of the SCLx
input. This ensures that the SDAX signal is valid during
the SCLx high time (Figure 20-10).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCLx input pulse. If the SDAx
line is high (not ACK), then the data transfer is complete.
In this case, when the ACK is latched by the slave, the
slave logic is reset (resets SSPxSTAT register) and the
slave monitors for another occurrence of the Start bit. If
the SDAX line was low (ACK), the next transmit data
must be loaded into the SSPxBUF register. Again, pin,
RC3 or RD6, must be enabled by setting bit, CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPxIF bit must be cleared in software and
the SSPxSTAT register is used to determine the status
of the byte. The SSPxIF bit is set on the falling edge of
the ninth clock pulse.

Transmission

DS39762F-page 286
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20.4.17.1 Bus Collision During a Start

Condition
During a Start condition, a bus collision occurs if:
a) SDAx or SCLx are sampled low at the beginning
of the Start condition (Figure 20-28).
b) SCLx is sampled low before SDAXx is asserted
low (Figure 20-29).
During a Start condition, both the SDAx and the SCLx
pins are monitored.
If the SDAX pin is already low, or the SCLx pin is
already low, then all of the following occur:
+ the Start condition is aborted;
 the BCLxIF flag is set; and
» the MSSP module is reset to its Idle state
(Figure 20-28).

The Start condition begins with the SDAx and SCLx
pins deasserted. When the SDAX pin is sampled high,
the Baud Rate Generator is loaded from
SSPxADD<6:0> and counts down to 0. If the SCLx pin
is sampled low while SDAXx is high, a bus collision
occurs, because it is assumed that another master is
attempting to drive a data ‘1’ during the Start condition.

FIGURE 20-28:

If the SDAX pin is sampled low during this count, the
BRG is reset and the SDAXx line is asserted early
(Figure 20-30). If, however, a ‘1’ is sampled on the
SDAX pin, the SDAX pin is asserted low at the end of
the BRG count. The Baud Rate Generator is then
reloaded and counts down to 0. If the SCLx pin is
sampled as ‘0’ during this time, a bus collision does not
occur. At the end of the BRG count, the SCLx pin is
asserted low.

The reason that bus collision is not a fac-
tor during a Start condition is that no two
bus masters can assert a Start condition
at the exact same time. Therefore, one
master will always assert SDAXx before the
other. This condition does not cause a bus
collision because the two masters must be
allowed to arbitrate the first address
following the Start condition. If the address
is the same, arbitration must be allowed to
continue into the data portion, Repeated
Start or Stop conditions.

Note:

BUS COLLISION DURING START CONDITION (SDAx ONLY)

Set BCLxIF,

SDAx =0, SCLx = 1.

SDAX \

SDAXx goes low before the SEN bit is set.

S bit and SSPxIF set because

— e - — — —

- SEN cleared automatically because of bus collision.
Y MSSP module reset into Idle state.

t_ SSPxIF and BCLXIF are
cleared in software

SCLx .
Set SEN, enable Start I
condition if SDAx =1, SCLx =1 ¥ |
I
SEN I
SDAx sampled low before I
Start condition. Set BCLxIF. ‘L
S bit and SSPxIF set because
BCLxIF SDAx =0, SCLx = 1.
I
I
S
SSPxIF

T_ SSPxIF and BCLxIF are
cleared in software

© 2011 Microchip Technology Inc.
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FIGURE 21-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION

:Q1]Q2| 3|4, a1 Q2| a3 a4, a1| 2| 3| a4,a1|Q2|a3|a4, Q1| Q2| a3|a4,a1|az2|a3|a4,a1|a2| Q3| a4, 1| @2| a3|a4,a1|a2|a3|a4, 1| @2| a3|as,

Rttt at eV el el s e aW ol a Wl a N s W a W oW oW aWaWaWa W a W aWalaWaWaWaWaWaWalalaWaWaWalall

' Bit set by user ! v Yo ! ! [ L Auto-Cleared
WUE bit® I h P P . . - - }.’ .
RXx/DTx Line Z : 7 —— ' Vit : :

RCxIF \ /

Cleared due to user read of RCREGx —%

Note 1: The EUSARTX remains in Idle while the WUE bit is set.

FIGURE 21-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

,Q1]Q2|Q3|a4,Q1]|Q2|Q3|a4, Q1| Q2| Q3| Q4, Q1 |a2|as|a4,01]a2|a3| a4, Q1] a2la3|a4,01|a2|a3|a4,a1| Q2| a3la4,
1 ] | ] 1 | ' [ 1 1
0OSC1 /’\_/’\_/’\_/’\_]’\_/’\_/’\_/’\_/’\_/’\_/’\_/’\_JI L/’\I\I\IL/’\I\J.’\JI_\I\I\_/’\I\I\I\_/’\JWL/"L
+ Bitset by user ' ] ' K K Auto-Cleared '
WUE bit® ; b i . . N : !
RXx/DTx Line 7 . . ; N : 777770 Gt 1 . :
RCXIF | ; : : :

' T Cleared due to user read of RCREGx —*

SLEEP Command Executed T Sleep Ends

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the oscillator is ready. This
sequence should not depend on the presence of Q clocks.

2: The EUSARTX remains in Idle while the WUE bit is set.
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REGISTER 25-7: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F97J60 FAMILY DEVICES

R R R R R R R R
DEV2 DEV1 DEVO REV4 REV3 REV2 REV1 REVO
bit 7 bit 0
Legend:
R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-5 DEV<2:0>: Device ID bits
See Register 25-8 for a complete listing.
bit 4-0 REV<4:0>: Revision ID bits

These bits are used to indicate the device revision.

REGISTER 25-8: DEVID2: DEVICE ID REGISTER 2 FOR PIC18F97J60 FAMILY DEVICES

R R R R R R R R
DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3
bit 7 bit 0
Legend:
R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-0 DEV<10:3>: Device ID bits:
DEV<10:3> DEV<2:0> Device
(DEVID2<7:0>) (DEVID1<7:5>)
0001 1000 000 PIC18F66J60
0001 1111 000 PIC18F66J65
0001 1111 001 PIC18F67J60
0001 1000 001 PIC18F86J60
0001 1111 010 PIC18F86J65
0001 1111 011 PIC18F87J60
0001 1000 010 PIC18F96J60
0001 1111 100 PIC18F96J65
0001 1111 101 PIC18F97J60
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TABLE 26-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit:
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7).
BSR Bank Select Register. Used to select the current RAM bank.

ALU Status bits: Carry, Digit Carry, Zero, Overflow, Negative.

Destination select bit:
d = 0: store result in WREG
d = 1: store result in file register f

dest Destination: either the WREG register or the specified register file location.

f 8-bit Register file address (00h to FFh), or 2-bit FSR designator (Oh to 3h).

fs 12-bit Register file address (000h to FFFh). This is the source address.

fq 12-bit Register file address (000h to FFFh). This is the destination address.

G E Global Interrupt Enable bit.

k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value).

| abel Label name.

mm The mode of the TBLPTR register for the table read and table write instructions.
Only used with table read and table write instructions:

* No Change to register (such as TBLPTR with table reads and writes)

*+ Post-Increment register (such as TBLPTR with table reads and writes)

*- Post-Decrement register (such as TBLPTR with table reads and writes)

+* Pre-Increment register (such as TBLPTR with table reads and writes)

n The relative address (2's complement number) for relative branch instructions or the direct address for
Call/Branch and Return instructions.

PC Program Counter.

PCL Program Counter Low Byte.

PCH Program Counter High Byte.

PCLATH Program Counter High Byte Latch.

PCLATU Program Counter Upper Byte Latch.

PD Power-Down bit.

PRODH Product of Multiply High Byte.

PRODL Product of Multiply Low Byte.

S Fast Call/Return mode select bit:
s = 0: do not update into/from shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)

TBLPTR 21-bit Table Pointer (points to a program memory location).

TABLAT 8-bit Table Latch.

TO Time-out bit.

TOS Top-of-Stack.

u Unused or Unchanged.

VDT Watchdog Timer.

WREG Working register (accumulator).

X Don'’t care (‘0’ or ‘1’). The assembler will generate code with x = 0. It is the recommended form of use for
compatibility with all Microchip software tools.

Zg 7-bit offset value for indirect addressing of register files (source).

Z4 7-bit offset value for indirect addressing of register files (destination).

{ 1} Optional argument.

[text] Indicates an indexed address.

(text) The contents of t ext .

[ expr] <n> Specifies bit n of the register indicated by the pointer expr .

- Assigned to.

< > Register bit field.

€ In the set of.

italics User-defined term (font is Courier New).
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BNOV Branch if Not Overflow
Syntax: BNOV n
Operands: -128 <n <127
Operation: if Overflow bit is ‘0’,
(PC)+2+2n—>PC
Status Affected: None
Encoding: ‘ 1110 | 0101 ‘ nnnn | nnnn ‘
Description: If the Overflow bit is ‘0", then the
program will branch.
The 2’'s complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to
‘n’ Data PC
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BNOV Junp

Before Instruction

PC = address (HERE)
After Instruction
If Overflow = 0
PC = address (Junp)
If Overflow = 1;
PC = address (HERE + 2)

BNz Branch if Not Zero
Syntax: BNZ n
Operands: -128 <n <127
Operation: if Zero bit is ‘0’,
(PC)+2+2n—>PC
Status Affected: None
Encoding: ‘ 1110 | 0001 ‘ nnnn | nnnn ‘
Description: If the Zero bit is ‘0’, then the program
will branch.
The 2’'s complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to
‘n’ Data PC
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BNZ Junp

Before Instruction

PC =  address ( HERE)
After Instruction
If Zero = 0;
PC = address (Junp)
If Zero = 1;
PC = address (HERE + 2)
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RRNCF Rotate Right f (no carry) SETF Set f
Syntax: RRNCF f{,d{,a}} Syntax: SETF f{a}
Operands: 0<f<255 Operands: 0<f<255
d e [0,1] a e[0,1]
a<[01] Operation: FFh > f
Operation: (f<n>) — dest<n — 1>, Status Affected: None
(f<0>) — dest<7> '
Encoding: 0110 100a ffff ffff
Status Affected: N, Z 9 ‘ | ‘ | ‘
Description: The contents of the specified register
Encoding: [ 0100 [ ooda [ fref [ etet | P ars sot o FEN P 9
Description: The contents of register ‘" are rotated If ‘2’ is ‘0. the Access Bank is selected
one bit to the right. If ‘d’ is ‘0’, the result 2’ is “qr the BSR is used to select thé
is placed in W. If ‘d’ is ‘1’, the result is GPR bani( (default)
placed back in register f’ (default). '
f'a’is ‘O’ the A Bank will If ‘@’ is ‘0’ and the extended instruction
a'is '0’, the \CCess Bank wi be " set is enabled, this instruction operates
selected, overriding the BSR value. If ‘a in Indexed Literal Offset Addressing
is ‘1’, then the bank will be selected as mode whenever f < 95 (5Fh). See
per the BSR value (default). Section 26.2.3 “Byte-Oriented and
If ‘a’ is ‘0’ and the extended instruction Bit-Oriented Instructions in Indexed
set is enabled, this instruction operates Literal Offset Mode” for details.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 26.2.3 “Byte-Oriented and Cycles: 1
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. Q1 Q2 Q3 Q4
|—> Decode Read Process Write
register ‘f Data register f’
Words: 1
Cycles: 1 Example: SETF REG, 1
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 REG = 5Ah
Decode Read Process Write to After llqr}gsguctlon = FFh
register f’ Data destination B
Example 1: RRNCF REG 1, O
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF REG 0, O
Before Instruction
W = ?
REG = 1101 0111
After Instruction
W = 1110 1011
REG = 1101 0111
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26.2.3 BYTE-ORIENTED AND
BIT-ORIENTED INSTRUCTIONS IN
INDEXED LITERAL OFFSET MODE

Note:  Enabling the PIC18 instruction set exten-
sion may cause legacy applications to
behave erratically or fail entirely.

In addition to eight new commands in the extended set,
enabling the extended instruction set also enables
Indexed Literal Offset Addressing (Section 6.6.1
“Indexed Addressing with Literal Offset”). This has
a significant impact on the way that many commands of
the standard PIC18 instruction set are interpreted.

When the extended set is disabled, addresses embed-
ded in opcodes are treated as literal memory locations:
either as a location in the Access Bank (a=0) orin a
GPR bank designated by the BSR (a = 1). When the
extended instruction set is enabled and a = 0, however,
a file register argument of 5Fh or less is interpreted as
an offset from the pointer value in FSR2 and not as a
literal address. For practical purposes, this means that
all instructions that use the Access RAM bit as an
argument — that is, all byte-oriented and bit-oriented
instructions, or almost half of the core PIC18 instruc-
tions — may behave differently when the extended
instruction set is enabled.

When the content of FSR2 is 00h, the boundaries of the
Access RAM are essentially remapped to their original
values. This may be useful in creating
backward-compatible code. If this technique is used, it
may be necessary to save the value of FSR2 and
restore it when moving back and forth between C and
assembly routines in order to preserve the Stack
Pointer. Users must also keep in mind the syntax
requirements of the extended instruction set (see
Section 26.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”).

Although the Indexed Literal Offset mode can be very
useful for dynamic stack and pointer manipulation, it
can also be very annoying if a simple arithmetic opera-
tion is carried out on the wrong register. Users who are
accustomed to the PIC18 programming must keep in
mind that, when the extended instruction set is
enabled, register addresses of 5Fh or less are used for
Indexed Literal Offset Addressing.

Representative examples of typical byte-oriented and
bit-oriented instructions in the Indexed Literal Offset
mode are provided on the following page to show how
execution is affected. The operand conditions shown in
the examples are applicable to all instructions of these
types.

26.2.3.1 Extended Instruction Syntax with

Standard PIC18 Commands

When the extended instruction set is enabled, the file
register argument ‘f’ in the standard byte-oriented and
bit-oriented commands is replaced with the literal offset
value ‘k’. As already noted, this occurs only when f is
less than or equal to 5Fh. When an offset value is used,
it must be indicated by square brackets (‘[ ]’). As with
the extended instructions, the use of brackets indicates
to the compiler that the value is to be interpreted as an
index or an offset. Omitting the brackets, or using a
value greater than 5Fh within the brackets, will
generate an error in the MPASM Assembler.

If the index argument is properly bracketed for Indexed
Literal Offset Addressing, the Access RAM argument is
never specified; it will automatically be assumed to be
‘0’. This is in contrast to standard operation (extended
instruction set disabled), when ‘a’ is set on the basis of
the target address. Declaring the Access RAM bit in
this mode will also generate an error in the MPASM
Assembler.

The destination argument ‘d’ functions as before.

In the latest versions of the MPASM Assembler,
language support for the extended instruction set must
be explicitly invoked. This is done with either the
command line option, /y, or the PE directive in the
source listing.

26.2.4 CONSIDERATIONS WHEN
ENABLING THE EXTENDED
INSTRUCTION SET

It is important to note that the extensions to the instruc-
tion set may not be beneficial to all users. In particular,
users who are not writing code that uses a software
stack may not benefit from using the extensions to the
instruction set.

Additionally, the Indexed Literal Offset Addressing
mode may create issues with legacy applications
written to the PIC18 assembler. This is because
instructions in the legacy code may attempt to address
registers in the Access Bank below 5Fh. Since these
addresses are interpreted as literal offsets to FSR2
when the instruction set extension is enabled, the
application may read or write to the wrong data
addresses.

When porting an application to the PIC18F97J60 fam-
ily, it is very important to consider the type of code. A
large, reentrant application that is written in C and
would benefit from efficient compilation will do well
when using the instruction set extensions. Legacy
applications that heavily use the Access Bank will most
likely not benefit from using the extended instruction
set.
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28.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(")

Ambient temperature UNAEr DIAS...........c.ooiiiiiiiii it e e e e se e e e e eaane s -40°C to +100°C
SEOrage tEMPEIATUIE ... ..ottt e e e et e e st s e e nnee -65°C to +150°C
Voltage on any digital only input pin or MCLR with respect to Vss (except VDD) c.uvveieieeieeeee e -0.3V to 6.0V
Voltage on any combined digital and analog pin with respect to VSS .........cccocviiiiiiiiiiiiccee -0.3V to (VDD + 0.3V)
Voltage on VDDCORE With reSPeCt t0 VSS........eiiiiiiiiii e -0.3V to 2.75V
Voltage on VDD With reSPECE 10 VSS ....coiiiiiiiiiie it -0.3V to 4.0V
Total power diSSIPationN (NOTE L) ....ccoiiiiiieii et e et e e e e e e e e e e e s e e e e s se e e e e e e s asaaseeeeeesnnnteeeeesanaaeeeaean 1.0W
Maximum CUITENt OUL OF VSS PN ... ettt e e e e b e et e e es 300 mA
Maximum CUITENT INTO VDD PN c.eeiieiiiiiiiiie ettt e e e e e e e e e e e e ea e s e s e enenaeseeareeeeeeeaeaeeaeaaesesesananansnnnnnes 250 mA
Input clamp current, lIK (VI < 0 0r VI > VDD) (NOTE 2).....cuoiiiiieiieiiieiiieteieete sttt ere bbb esene +0 mA
Output clamp current, IOK (VO < 0 0r VO > VDD) (NOTE 2) .....cuouiiiiieiiiieieieieeieirieeeetete ettt eb e eseae s +0 mA
Maximum output current sunk by any PORTB and PORTC 1/O PINS .......coiiiiiiiiiieiiie et 25 mA
Maximum output current sunk by any PORTD, PORTE and PORTUJ /O PINS ......oooiiiiiiiiiie e 8 mA
Maximum output current sunk by any PORTA, PORTF, PORTG and PORTH I/O pins (NOte 3) ......ccccevvieinineennne. 2 mA
Maximum output current sourced by any PORTB and PORTC 1/O PINS...cccuiiiiiiieiiee e 25 mA
Maximum output current sourced by any PORTD, PORTE and PORTJ I/O PiNS .....cooiiiiiiiiiiiiiiiiee e 8 mA
Maximum output current sourced by any PORTA, PORTF, PORTG and PORTH I/O pins (Note 3) .......cccceeeveennee. 2 mA
Maximum current sunk by all ports CoOMDINE...........cooiiiiiii s 200 mA
Maximum current sourced by all Ports COMDINEM...........cooiiiiiiiii et 200 mA

Note 1. Power dissipation is calculated as follows:
Pdis = VDD x {IDD — X IoH} + > {(VDD — VOH) x loH} + 3 (VoL x loL) + X (VTPOUT X ITPOUT)

No clamping diodes are present.
Exceptions are RA<1> and RA<0>, which are capable of directly driving LEDs up to 25 mA.

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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28.3 DC Characteristics: PIC18F97J60 Family (Industrial) (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial

Param

No Symbol Characteristic Min Max Units Conditions
VoL Output Low Voltage
D080 1/0 Ports:
PORTD, PORTE, — 0.4 V |loL=4 mA, VDD = 3.3V,
PORTJ -40°C to +85°C
PORTA<5:2>, PORTF, — 0.4 V |loL=2mA, VDD = 3.3V,
PORTG, PORTH -40°C to +85°C
PORTA<1:0>, PORTB, — 0.4 V (loL=8mA, VDD = 3.3V,
PORTC -40°C to +85°C
D083 OSC2/CLKO — 0.4 V (loL=2mA, VDD = 3.3V,
(EC, ECPLL modes) -40°C to +85°C
VoH  |Output High Voltage®
D090 I/O Ports: Vv
PORTD, PORTE, 24 — V  [loH =-4 mA, VDD = 3.3V,
PORTJ -40°C to +85°C
PORTA<5:2>, PORTF, 24 — V  [loH =-2 mA, VDD = 3.3V,
PORTG, PORTH -40°C to +85°C
PORTA<1:0>, PORTB, 24 — V  [loH =-8 mA, VDD = 3.3V,
PORTC -40°C to +85°C
D092 OSC2/CLKO 24 — V |loH=-1.0 mA, VDD = 3.3V,
(EC, ECPLL modes) -40°C to +85°C
Capacitive Loading Specs
on Output Pins
D100 |COSC2|0SC2 pin — 15 pF |In HS mode when
external clock is used to
drive OSC1
D101 |(Cio All'l/O pins and OSC2 — 50 pF |To meet the AC timing
(in Internal RC mode, EC, ECPLL) specifications
D102 |CB SCLx, SDAXx — 400 pF 12c™ specification

Note 1: Negative current is defined as current sourced by the pin.
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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

DS39762F-page 466 © 2011 Microchip Technology Inc.



