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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
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PIC18F46J11 FAMILY

TABLE 1-3: PIC18F2XJ11 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name 28-SPDIP/ _I_Pm E_,ruffer Description
SSOP/ | 28-QFN | 'YPe | lype
SOIC
Vss1 8 5 P — |Ground reference for logic and I/O pins.
Vss2 19 16 — —
VDD 20 17 P — |Positive supply for peripheral digital logic and 1/0
pins.
VVDDCORE/VCAP 6 3 Core logic power or external filter capacitor
connection.
VVDDCORE P — Positive supply for microcontroller core logic
(regulator disabled).
VCAP P — External filter capacitor connection (regulator
enabled).
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)

DIG = Digital output
Note 1: RA7 and RAG6 will be disabled if OSC1 and OSC2 are used for the clock function.
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TABLE 1-4: PIC18F4XJ11 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number pin | Buft
. in |Buffer A
Pin Name 44- 44- Type | Type Description
QFN | TQFP
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on
all inputs.
RBO/AN12/INTO/RP3 9 8
RBO /0 | DIG Digital 1/0.
AN12 | |Analog Analog input 12.
INTO | ST External interrupt 0.
RP3 /10 | DIG Remappable peripheral pin 3.
RB1/AN10/PMBE/RTCC/RP4 10 9
RB1 /0 | DIG Digital 1/0.
AN10 | |Analog Analog input 10.
PMBE (0] DIG Parallel Master Port byte enable.
RTCC (0] DIG Real Time Clock Calendar output.
RP4 /10 | DIG Remappable peripheral pin 4.
RB2/AN8/CTED1/PMA3/REFO/ 1 10
RP5
RB2 /0 | DIG Digital 1/0.
ANS8 I |Analog Analog input 8.
CTED1 | ST CTMU edge 1 input.
PMA3 (0] DIG Parallel Master Port address.
REFO (0] DIG Reference output clock.
RP5 /10 | DIG Remappable peripheral pin 5.
RB3/AN9/CTED2/PMA2/RP6 12 1
RB3 /0 | DIG Digital 1/0.
AN9 | |Analog Analog input 9.
CTED2 | ST CTMU edge 2 input.
PMA2 (0] DIG Parallel Master Port address.
RP6 /10 | DIG Remappable peripheral pin 6.
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)

DIG = Digital output

Note 1: RA7 and RAG6 will be disabled if OSC1 and OSC2 are used for the clock function.
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3.2.1
Figure 3-1

helps

OSCILLATOR MODES

in understanding the oscillator

structure of the PIC18F46J11 family of devices.

FIGURE 3-1:

PIC18F46J11 FAMILY CLOCK DIAGRAM

PIC18F46J11 Family

Note 1:

8 MHz and 4 MHz are valid INTOSC postscaler settings for the PLL. Selecting other INTOSC postscaler

'Primary Oscillator HS. EC
: : 1= [ ’
: —Sleep  OSCTUNE<7> ——— (| HSPLL, ECPLL, INTPLL
X X " o— 4 x PLL >
—o” o—»
1Secondary Oscillator Peripheral
€ d '_/\ T1OSC= § Perip erai
. = =
. T10SCEN
. Enable
1 Oscillator OSCCON<6:4>
OSCCON<6:4> 8 MHz_ " Internal OscﬂlatoL CPU
4 MHz | '
Internal >110 :
Oscillator 2MHz |, | IDLEN
Block k) 1 MHz Clock
|8 00 kH »>100 x Control
goMrch Wz T| % S00KHz_ 1511 =
u INTOSC
( )| < 250kHZ,_ |51 FOSC<2:0> OSCCON<1:0>
125 kHz 001
T 31 kHzV Clock Source Option
W for Other Modules
INTRC I—OSCTUNE<7>
Source 31 kHz (INTRC) WDT, PWRT, FSCM
and Two-Speed Start-up

settings will operate the PLL outside of the specification.
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4.6.3 DEEP SLEEP WAKE-UP SOURCES

While in Deep Sleep mode, the device can be awakened
by a MCLR, POR, RTCC, INTO /O pin interrupt,
DSWDT or ULPWU event. After waking, the device per-
forms a POR. When the device is released from Reset,
code execution will begin at the device’s Reset vector.

The software can determine if the wake-up was caused
from an exit from Deep Sleep mode by reading the DS
bit (WDTCON<3>). If this bit is set, the POR was
caused by a Deep Sleep exit. The DS bit must be
manually cleared by the software.

The software can determine the wake event source by
reading the DSWAKEH and DSWAKEL registers.
When the application firmware is done using the
DSWAKEH and DSWAKEL status registers, individual
bits do not need to be manually cleared before entering
Deep Sleep again. When entering Deep Sleep mode,
these registers are automatically cleared.

4.6.3.1 Wake-up Event Considerations

Deep Sleep wake-up events are only monitored while
the processor is fully in Deep Sleep mode. If a wake-up
event occurs before Deep Sleep mode is entered, the
event status will not be reflected in the DSWAKE regis-
ters. If the wake-up source asserts prior to entering
Deep Sleep, the CPU may go to the interrupt vector (if
the wake source has an interrupt bit and the interrupt is
fully enabled), and may abort the Deep Sleep entry
sequence by executing past the SLEEP instruction. In
this case, a wake-up event handler should be placed
after the SLEEP instruction to process the event and
re-attempt entry into Deep Sleep if desired.

When the device is in Deep Sleep with more than one
wake-up source simultaneously enabled, only the first
wake-up source to assert will be detected and logged
in the DSWAKEH/DSWAKEL status registers.

464  DEEP SLEEP WATCHDOG TIMER
(DSWDT)

Deep Sleep has its own dedicated WDT (DSWDT) with
a postscaler for time-outs of 2.1 ms to 25.7 days,
configurable through the bits, DSWDTPS<3:0>
(CONFIG3L<7:4>).

The DSWDT can be clocked from either the INTRC or
the T1OSC/T1CKl input. If the T1OSC/T1CKIl source will
be used with a crystal, the TIOSCEN bit in the TICON
register needs to be set prior to entering Deep Sleep.
The reference clock source is configured through the
DSWDTOSC bit (CONFIG3L<0>).

DSWDT is enabled through the DSWDTEN bit
(CONFIG3L<3>). Entering Deep Sleep mode automati-
cally clears the DSWDT. See Section 26.0 “Special
Features of the CPU” for more information.

465  DEEP SLEEP BROWN OUT RESET
(DSBOR)

The Deep Sleep module contains a dedicated Deep
Sleep BOR (DSBOR) circuit. This circuit may be
optionally enabled through the DSBOREN Configuration
bit (CONFIG3L<2>).

The DSBOR circuit monitors the VDD supply rail
voltage. The behavior of the DSBOR circuit is
described in Section 5.4 “Brown-out Reset (BOR)".

4.6.6 RTCC PERIPHERAL AND DEEP
SLEEP

The RTCC can operate uninterrupted during Deep
Sleep mode. It can wake the device from Deep Sleep by
configuring an alarm.

The RTCC clock source is configured with the RTCOSC
bit (CONFIG3L<1>). The available reference clock
sources are the INTRC and T1OSC/T1CKI. If the INTRC
is used, the RTCC accuracy will directly depend on the
INTRC tolerance. For more information on configuring
the RTCC peripheral, see Section 17.0 “Real-Time
Clock and Calendar (RTCC)".

DS39932D-page 56
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6.2.3 INSTRUCTIONS IN PROGRAM
MEMORY

The program memory is addressed in bytes. Instruc-
tions are stored as 2 bytes or 4 bytes in program
memory. The Least Significant Byte (LSB) of an
instruction word is always stored in a program memory
location with an even address (LSB = 0). To maintain
alignment with instruction boundaries, the PC
increments in steps of 2 and the LSB will always read
‘0’ (see Section 6.1.3 “Program Counter”).

Figure 6-5 provides an example of how instruction
words are stored in the program memory.

FIGURE 6-5:

The CALL and GOTO instructions have the absolute
program memory address embedded into the instruc-
tion. Since instructions are always stored on word
boundaries, the data contained in the instruction is a
word address. The word address is written to PC<20:1>,
which accesses the desired byte address in program
memory. Instruction #2 in Figure 6-5 displays how the
instruction, GOTO 0006h, is encoded in the program
memory. Program branch instructions, which encode a
relative address offset, operate in the same manner. The
offset value stored in a branch instruction represents the
number of single-word instructions that the PC will be
offset by. Section 27.0 “Instruction Set Summary”
provides further details of the instruction set.

INSTRUCTIONS IN PROGRAM MEMORY

Program Memory

Byte Locations —>

Instruction 1: MOVLW 055h

Instruction 2: GOoTO 0006h

Instruction 3:  MOVFF 123h, 456h

Word Address
LSB=1 LSB=0 J
000000h
000002h
000004h
000006h
OFh 55h 000008h
EFh 03h 00000Ah
FOh 00h 00000Ch
C1h 23h 00000Eh
F4h 56h 000010h
000012h
000014h

6.2.4 TWO-WORD INSTRUCTIONS

The standard PIC18 instruction set has four two-word
instructions: CALL, MOVFF, GOTO and LSFR. In all
cases, the second word of the instructions always has
‘1117’ as its four Most Significant bits (MSbs); the other
12 bits are literal data, usually a data memory address.

The use of ‘1111’ in the 4 MSbs of an instruction
specifies a special form of NOP. If the instruction is
executed in proper sequence immediately after the first
word, the data in the second word is accessed and

used by the instruction sequence. If the first word is
skipped for some reason, and the second word is
executed by itself, a NOP is executed instead. This is
necessary for cases when the two-word instruction is
preceded by a conditional instruction that changes the
PC. Example 6-4 illustrates how this works.

Note: See Section 6.5 “Program Memory and
the Extended Instruction Set” for infor-
mation on two-word instructions in the
extended instruction set.

EXAMPLE 6-4: TWO-WORD INSTRUCTIONS

CASE 1:

Object Code Source Code
0110 0110 0000 0000 TSTFSZ REGL is RAM | ocation 0?
1100 0001 0010 0011 MOVFF REGl, RE&R No, skip this word
1111 0100 0101 0110 Execute this word as a NOP
0010 0100 0000 0000 ADDWF REG3 conti nue code

CASE 2:

Object Code Source Code

0110 0110 0000 0000 TSTFSZ REGL is RAM | ocation 07?
1100 0001 0010 0011 MOVFF REG1, RER2 Yes, execute this word
1111 0100 0101 0110 2nd word of instruction
0010 0100 0000 0000 ADDWF REG3 conti nue code

© 2011 Microchip Technology Inc.
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REGISTER 10-9: RPINR4: PERIPHERAL PIN SELECT INPUT REGISTER 4 (BANKED EEAh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — TOCKR4 | TOCKR3 | TOCKR2 | TOCKR1 | TOCKRO
bit 7 bit 0
Legend: R/W = Readable, Writable if IOLOCK = 0
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 4-0 TOCKR<4:0>: Timer0 External Clock Input (TOCKI) to the Corresponding RPn Pin bits

REGISTER 10-10: RPINR6: PERIPHERAL PIN SELECT INPUT REGISTER 6 (BANKED EECh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — T3CKR4 | T3CKR3 | T3CKR2 | T3CKR1 | T3CKRO
bit 7 bit 0
Legend: R/W = Readable, Writable if IOLOCK = 0
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 4-0 T3CKR<4:0>: Timer 3 External Clock Input (T3CKI) to the Corresponding RPn Pin bits

REGISTER 10-11: RPINR7: PERIPHERAL PIN SELECT INPUT REGISTER 7 (BANKED EEDh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — IC1R4 IC1R3 ICtR2 | IC1IR1 | ICIRO
bit 7 bit 0
Legend: R/W = Readable, Writable if IOLOCK = 0
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 4-0 IC1R<4:0>: Assign Input Capture 1 (ECCP1) to the Corresponding RPn Pin bits

© 2011 Microchip Technology Inc. DS39932D-page 157
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REGISTER 10-21: RPORO: PERIPHERAL PIN SELECT OUTPUT REGISTER 0 (BANKED EC6h)(1)

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

— — — RPOR4 RPOR3 RPOR2 | RPOR1 | RPORO
bit 7 bit 0
Legend: R/W = Readable, Writable if IOLOCK = 0

R = Readable bit
-n = Value at POR

W = Writable bit
‘1" = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 7-5
bit 4-0

Note 1:

Unimplemented: Read as ‘0’

RPOR<4:0>: Peripheral Output Function is Assigned to RP0 Output Pin bits
(see Table 10-14 for peripheral function numbers)

Register values can be changed only if PPSCON<IOLOCK> = 0.

REGISTER 10-22: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1 (BANKED EC7h)

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

— — — RP1R4 RP1R3 RPIR2 | RP1R1 | RPIRO
bit 7 bit 0
Legend: R/W = Readable, Writable if IOLOCK = 0

R = Readable bit
-n = Value at POR

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 7-5
bit 4-0

Unimplemented: Read as ‘0’

RP1R<4:0>: Peripheral Output Function is Assigned to RP1 Output Pin bits
(see Table 10-14 for peripheral function numbers)

REGISTER 10-23: RPOR2: PERIPHERAL PIN SELECT OUTPUT REGISTER 2 (BANKED EC8h)

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

— — — RP2R4 RP2R3 RP2R2 | RP2R1 | RP2RO
bit 7 bit 0
Legend: R/W = Readable, Writable if IOLOCK = 0
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 4-0 RP2R<4:0>: Peripheral Output Function is Assigned to RP2 Output Pin bits

(see Table 10-14 for peripheral function numbers)

© 2011 Microchip Technology Inc.
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11.2.5 ADDRESSABLE PARALLEL SLAVE
PORT MODE

In the Addressable Parallel Slave Port mode
(PMMODEH<1:0> = 01), the module is configured with
two extra inputs, PMA<1:0>, which are the address
lines 1 and 0. This makes the 4-byte buffer space
directly addressable as fixed pairs of read and write
buffers. As with Legacy Buffered mode, data is output
from PMDOUTIL, PMDOUT1H, PMDOUT2L and
PMDOUT2H, and is read in on PMDIN1L, PMDIN1H,
PMDIN2L and PMDIN2H. Table 11-1 provides the
buffer addressing for the incoming address to the input
and output registers.

TABLE 11-1: SLAVE MODE BUFFER
ADDRESSING
Output .
PMA<1:0> Register Inp?éllic?grl)ster
(Buffer)
00 PMDOUT1L (0) | PMDIN1L (0)
01 PMDOUT1H (1) | PMDIN1H (1)
10 PMDOUT2L (2) | PMDIN2L (2)
11 PMDOUT2H((3) | PMDIN2H (3)

FIGURE 11-6: PARALLEL MASTER/SLAVE CONNECTION ADDRESSED BUFFER EXAMPLE
Master PMA<1:0> PIC18F Slave
PMA<1:0> > v v
PMD<7:0> Write Read
PMD<7:0> |« Address Address
Decode Decode
<€=| PMDOUTIL (0) PMDIN1L (0)
PMCS > PMCS - PMDOUT1H (1) PMDIN1H (1)
PMRD » PMRD <@+ PMDOUT2L (2) PMDIN2L (2)
PMWR > PMWR €~{ PMDOUT2H (3) PMDIN2H (3)
Address Bus _—
Data Bus F—
Control Lines -
11.2.5.1 READ FROM SLAVE PORT output registers and their associated address. When an

When chip select is active and a read strobe occurs
(PMCS = 1 and PMRD = 1), the data from one of the
four output bytes is presented onto PMD<7:0>. Which
byte is read depends on the 2-bit address placed on
ADDR<1:0>. Table 11-1 provides the corresponding

FIGURE 11-7:

output buffer is read, the corresponding OBXE bit is set.
The OBXE flag bit is set when all the buffers are empty.
If any buffer is already empty, OBxE = 1, the next read
to that buffer will generate an OBUF event.

PARALLEL SLAVE PORT READ WAVEFORMS

| @4 | Q1 | Q2 | Q3 | Q4

PMCS

PMWR

PMRD

PMD<7:0> —————{ I

S

PMA<1:0>

OBE ) !

PMPIF

© 2011 Microchip Technology Inc.
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19.2 Control Registers

Each MSSP module has three associated control
registers. These include a status register (SSPxSTAT)
and two control registers (SSPxCON1 and SSPxCON2).
The use of these registers and their individual Configura-
tion bits differ significantly depending on whether the
MSSP module is operated in SPI or 12C mode.

Additional details are provided under the individual
sections.

Note: In devices with more than one MSSP
module, it is very important to pay close
attention to the SSPxCON register
names. SSP1CON1 and SSP1CON2
control different operational aspects of the
same module, while SSP1CON1 and
SSP2CON1 control the same features for
two different modules.

19.3 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPI are supported.

When MSSP2 is used in SPI mode, it can optionally be
configured to work with the SPI DMA submodule
described in Section 19.4 “SPI DMA Module”.

To accomplish communication, typically three pins are
used:

* Serial Data Out (SDOx) — RC5/SDO1/RP16 or
SDO2/Remappable

» Serial Data In (SDIx) — RC4/SDI1/SDA1/RP15 or
SDI2/Remappable

« Serial Clock (SCKx) — RC3/SCK1/SCL1/RP14 or
SCK2/Remappable

Additionally, a fourth pin may be used when in a Slave
mode of operation:

+ Slave Select (SSx) — RA5/AN4/SS1/
HLVDIN/RP2 or SS2/Remappable

Figure 19-1 depicts the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 19-1: MSSPx BLOCK DIAGRAM
(SPI MODE)
< Internal
Data Bus
Read *@% Write
| SSPxBUF reg |
SDIx ’
X2~ ssPxsRreg |—
bit 0 Shift
%" /| Clock
Ssx SSx Control
Enable
Edge
Select
2
Clock Select
SSPM<3:0>
SMP:CZKE 4 (IMR2 Outgut)
SCKXx * 2
X< &
Select Prescaler|Tosc
4,16, 64
— Data to TXx/RXx in SSPxSR
— TRIS bit
Note: Only port I/O names are used in this diagram for
the sake of brevity. Refer to the text for a full list of
multiplexed functions.

DS39932D-page 272
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19.5.10  I°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address, is accomplished by
simply writing a value to the SSPxBUF register. This
action will set the Buffer Full flag bit, BF, and allow the
BRG to begin counting and start the next transmission.
Each bit of address/data will be shifted out onto the
SDAX pin after the falling edge of SCLx is asserted (see
data hold time specification parameter 106). SCLx is
held low for one BRG rollover count (TBRG). Data
should be valid before SCLx is released high (see data
setup time specification parameter 107). When the
SCLx pin is released high, it is held that way for TBRG.

The data on the SDAXx pin must remain stable for that
duration and some hold time after the next falling edge
of SCLx. After the eighth bit is shifted out (the falling
edge of the eighth clock), the BF flag is cleared and the
master releases SDAXx. This allows the slave device
being addressed to respond with an ACK bit during the
ninth bit time if an address match occurred, or if data
was received properly. The status of ACK is written into
the ACKDT bit on the falling edge of the ninth clock.

If the master receives an Acknowledge, the Acknowl-
edge Status bit, ACKSTAT, is cleared; if not, the bit is
set. After the ninth clock, the SSPxIF bit is set and the
master clock (BRG) is suspended until the next data
byte is loaded into the SSPxBUF, leaving SCLx low and
SDAx unchanged (Figure 19-23).

After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCLx until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
deassert the SDAX pin, allowing the slave to respond
with an Acknowledge. On the falling edge of the ninth
clock, the master will sample the SDAX pin to see if the
address was recognized by a slave. The status of the
ACK bit is loaded into the ACKSTAT status bit
(SSPxCON2<6>). Following the falling edge of the
ninth clock transmission of the address, the SSPxIF
flag is set, the BF flag is cleared and the BRG is turned
off until another write to the SSPxBUF takes place,
holding SCLx low and allowing SDAX to float.

19.5.10.1  BF Status Flag

In Transmit mode, the BF bit (SSPxSTAT<0>) is set
when the CPU writes to SSPxBUF and is cleared when
all eight bits are shifted out.

19.5.10.2 WCOL Status Flag

If the user writes the SSPxBUF when a transmit is
already in progress (i.e., SSPxSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur) after
2 Tcy after the SSPxBUF write. If SSPxBUF is rewritten
within 2 Tcy, the WCOL bit is set and SSPxBUF is
updated. This may result in a corrupted transfer.

The user should verify that the WCOL bit is clear after
each write to SSPxBUF to ensure the transfer is correct.
In all cases, WCOL must be cleared in software.

19.5.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPxCON2<6>)
is cleared when the slave has sent an Acknowledge
(ACK = 0) and is set when the slave does not Acknowl-
edge (ACK =1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.

19.5.11  1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPxCON2<3>).

Note: The MSSP module must be in an inactive
state before the RCEN bit is set or the

RCEN bit will be disregarded.

The BRG begins counting and on each rollover, the
state of the SCLx pin changes (high-to-low/low-to-high)
and data is shifted into the SSPxSR. After the falling
edge of the eighth clock, the receive enable flag is
automatically cleared, the contents of the SSPxSR are
loaded into the SSPxBUF, the BF flag bit is set, the
SSPxIF flag bit is set and the BRG is suspended from
counting, holding SCLx low. The MSSP is now in Idle
state awaiting the next command. When the buffer is
read by the CPU, the BF flag bit is automatically
cleared. The user can then send an Acknowledge bit at
the end of reception by setting the Acknowledge
Sequence Enable bit, ACKEN (SSPxCON2<4>).

19.5.11.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPxBUF from SSPxSR. It
is cleared when the SSPxBUF register is read.

19.5.11.2 SSPOQV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPxSR and the BF flag bit is
already set from a previous reception.

19.5.11.3 WCOL Status Flag

If users write the SSPxBUF when a receive is already
in progress (i.e., SSPxSR is still shifting in a data byte),
the WCOL bit is set and the contents of the buffer are
unchanged (the write does not occur).

DS39932D-page 316
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The ANCONO and ANCON1 registers are used to
configure the operation of the I/O pin associated with
each analog channel. Setting any one of the PCFG bits
configures the corresponding pin to operate as a digital
only I/O. Clearing a bit configures the pin to operate as
an analog input for either the A/D Converter or the
comparator module; all digital peripherals are disabled
and digital inputs read as ‘0’. As a rule, I/O pins that are
multiplexed with analog inputs default to analog
operation on device Resets.

In order to correctly perform A/D conversions on the VBG
band gap reference (ADCONO0<5:2> = 1111), the refer-
ence circuit must be powered on first. The VBGEN bit in
the ANCONT1 register allows the firmware to manually

REGISTER 21-3:

request that the band gap reference circuit should be
enabled. For best accuracy, firmware should allow a
settling time of at least 10 ms prior to performing the first
acquisition on this channel after enabling the band gap
reference.

The reference circuit may already have been turned on
if some other hardware module (such as comparators
or HLVD) has already requested it. In this case, the ini-
tial turn-on settling time may have already elapsed and
firmware does not need to wait as long before measur-
ing VBG. Once the acquisition is complete, firmware
may clear the VBGEN bit, which will save a small
amount of power if no other modules are still requesting
the VBG reference.

ANCONO: A/D PORT CONFIGURATION REGISTER 2 (BANKED F48h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
pcFG7® | pcFGe® | PcFGs® | PCFG4 PCFG3 PCFG2 | PCFG1 | PCFGO
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 7-0 PCFG<7:0>: Analog Port Configuration bits (AN<7:0>)

1 = Pin configured as a digital port

0 = Pin configured as an analog channel — digital input disabled and reads ‘0’

Note 1. These bits are not implemented on 28-pin devices.

REGISTER 21-4:

ANCONL1: A/D PORT CONFIGURATION REGISTER 1 (BANKED F49h)

R/W-0 r U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VBGEN — — PCFG12 | PCFG11 | PCFG10 | PCFG9 | PCFGS8
bit 7 bit 0

Legend: r = Reserved

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 VBGEN: 1.2V Band Gap Reference Enable bit

1 =1.2V band gap reference is powered on
0 = 1.2V band gap reference is turned off to save power (if no other modules are requesting it)

bit 6 Reserved: Always maintain as ‘0’ for lowest power consumption
bit 5 Unimplemented: Read as ‘0’
bit 4-0 PCFG<12:8>: Analog Port Configuration bits (AN<12:8>)

1 = Pin configured as a digital port
0 = Pin configured as an analog channel — digital input disabled and reads ‘0’
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25.9 Registers The CTMUCONH and CTMUCONL  registers

(Register 25-1 and Register 25-2) contain control bits

for configuring the CTMU module edge source selec-

+ CTMUCONH tion, edge source polarity selection, edge sequencing,

« CTMUCONL A/D trigger, analog circuit capacitor discharge and

« CTMUICON enables. The CTMUICON register (Register 25-3) has
bits for selecting the current source range and current
source trim.

There are three control registers for the CTMU:

REGISTER 25-1: CTMUCONH: CTMU CONTROL REGISTER HIGH (ACCESS FB3h)

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
CTMUEN — CTMUSIDL TGEN EDGEN ‘ EDGSEQEN ‘ IDISSEN | —
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 CTMUEN: CTMU Enable bit

1 = Module is enabled
0 = Module is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 CTMUSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 4 TGEN: Time Generation Enable bit
1 = Enables edge delay generation
0 = Disables edge delay generation
bit 3 EDGEN: Edge Enable bit
1 = Edges are not blocked
0 = Edges are blocked
bit 2 EDGSEQEN: Edge Sequence Enable bit
1 = Edge 1 event must occur before Edge 2 event can occur
0 = No edge sequence is needed
bit 1 IDISSEN: Analog Current Source Control bit
1 = Analog current source output is grounded
0 = Analog current source output is not grounded
bit 0 Reserved: Write as ‘0’
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REGISTER 25-2:

CTMUCONL: CTMU CONTROL REGISTER LOW (ACCESS FB2h)

R/W-0

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

R/W-0

R/W-x R/W-x

EDG2POL

EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 ‘ EDG1SELO ‘ EDG2STAT | EDG1STAT

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 7

bit 6-5

bit 4

bit 3-2

bit 1

bit 0

EDG2POL: Edge 2 Polarity Select bit

1 = Edge 2 programmed for a positive edge response
0 = Edge 2 programmed for a negative edge response
EDG2SEL<1:0>: Edge 2 Source Select bits

11 = CTED1 pin

10 = CTED2 pin

01 = ECCP1 Special Event Trigger

00 = ECCP2 Special Event Trigger

EDG1POL: Edge 1 Polarity Select bit

1 = Edge 1 programmed for a positive edge response
0 = Edge 1 programmed for a negative edge response
EDG1SEL<1:0>: Edge 1 Source Select bits

11 = CTED1 pin

10 = CTED2 pin

01 = ECCP1 Special Event Trigger

00 = ECCP2 Special Event Trigger

EDG2STAT: Edge 2 Status bit

1 = Edge 2 event has occurred

0 = Edge 2 event has not occurred

EDG1STAT: Edge 1 Status bit

1 = Edge 1 event has occurred

0 = Edge 1 event has not occurred
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DECFSZz Decrement f, Skip if O

Syntax: DECFSzZ f{d{,a}}

0<f<255

d e [0,1]

ae[0,1]

(f)— 1 — dest,

skip if result = 0

Status Affected: None

| 0010 | 11da | feef | ffef |

The contents of register ‘' are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘' (default).

Operands:

Operation:

Encoding:

Description:

If the result is ‘0’, the next instruction
which is already fetched is discarded
and a NOP is executed instead, making
it a two-cycle instruction.

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

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 27.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DECFSZ CNT, 1, 1
GOoro LooP
CONTI NUE
Before Instruction
PC =  Address ( HERE)
After Instruction
CNT = CNT-1
IfCNT = 0
PC =  Address ( CONTI NUE)
IfCNT = O
PC = Address (HERE + 2)

DCFSNZ Decrement f, Skip if not 0

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

0<f<255
d e [0,1]
ac[0,1]

(f)— 1 — dest,
skip if result = 0

Status Affected: None
Encoding: ‘ 0100 |11da‘ fEff | fEff ‘

Description:

Operands:

Operation:

The contents of register ‘" are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘' (default).

If the result is not ‘0’, the next
instruction which is already fetched is
discarded and a NOP is executed
instead, making it a two-cycle
instruction.

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

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 27.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DCFSNZ TEMP, 1, O
ZERO
NZERO
Before Instruction
TEMP = 2
After Instruction
TEMP = TEMP -1,
If TEMP = 0
PC =  Address (ZERO
If TEMP < 0
PC = Address ( NZERO)
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MOVLW Move Literal to W MOVWEF Move W to f
Syntax: MOVLW k Syntax: MOVWF  f{,a}
Operands: 0<k<255 Operands: 0<f<255
Operation: ko> W ae[0,1]
Status Affected: None Operation: (W)~ f
Encoding: [ 0000 [ 1110 [ kkkk [ Kkkk | Status Affected: ~ None
Description: The eight-bit literal ‘k’ is loaded into W. Encoding: | 0110 ‘ 111a ‘ frff | frff |
Words: 1 Description: Move.data from W to register.‘f'.
Location ‘' can be anywhere in the
Cycles: 1 256-byte bank.
Q Cycle Activity: If ‘a’ is ‘0’, the Access Bank is selected.
Q1 Q2 Q3 Q4 If ‘a’is ‘1’, the BSR is used to select the
Decode Read Process Write to GPR bank (default).
literal 'k’ Data w If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
. in Indexed Literal Offset Addressin
Example: MOVLW  Ox5A in 9
] mode whenever f <95 (5Fh). See
After Instruction Section 27.2.3 “Byte-Oriented and
W = 5Ah Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f’ Data register ‘f’
Example: MOVWF REG O
Before Instruction
w = 4Fh
REG = FFh
After Instruction
W = 4Fh
REG = 4Fh
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RCALL Relative Call RESET Reset
Syntax: RCALL n Syntax: RESET
Operands: -1024 <n <1023 Operands: None
Operation: (PC)+2 > TOS, Operation: Reset all registers and flags that are

(PC)+2+2n—>PC affected by a MCLR Reset.
Status Affected: None Status Affected: All
Encoding: ‘ 1101 | 1nnn ‘ nnnn ‘ nnnn | Encoding: ‘ 0000 | 0000 ‘ 1111 ‘ 1111 |
Description: Subroutine call with a jump up to 1K Description: This instruction provides a way to

from the current location. First, return execute a MCLR Reset in software.

address (PC + 2) is pushed onto the Words: 1

stack. Then, add the 2’s complement

number ‘2n’ to the PC. Since the PC Cycles: 1

will have incremented to fetch the next Q Cycle Activity:

instruction, the new address will be

’ Q1 Q2 Q3 Q4
PC + 2 + 2n. This instruction is a
two-cycle instruction. Decode Start NO. NO.
reset operation operation
Words: 1
Cycles: 2 Example: RESET
Q Cycle Activity: After Instruction
Q1 Q2 Q3 Q4 Registers =  Reset Value
Decode |Read literal | Process |Write to PC Flags® =  Reset Value
‘n’ Data
PUSH PC
to stack
No No No No
operation operation operation operation

Example: HERE RCALL Junp

Before Instruction
PC =  Address ( HERE)
After Instruction

PC = Address (Junp)
TOS=  Address (HERE + 2)
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TBLWT

Table Write

Syntax:
Operands:
Operation:

Status Affected:
Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

TBLWT ( *; *+; *-; +%)
None

if TBLWT*,

(TABLAT) — Holding Register,

TBLPTR - No Change;

if TBLWT*+,

(TABLAT) — Holding Register,

(TBLPTR) + 1 —» TBLPTR;

if TBLWT*-,

(TABLAT) — Holding Register,

(TBLPTR) -1 —» TBLPTR;

if TBLWT+*,

(TBLPTR) + 1 —» TBLPTR,

(TABLAT) — Holding Register

None
0000 0000 0000 11nn

nn=0 *
=1 *+
=2 *.

=3 +*

This instruction uses the 3 LSBs of
TBLPTR to determine which of the

8 holding registers the TABLAT is written
to. The holding registers are used to
program the contents of Program Memory
(P.M.). (Refer to Section 6.0 “Memory
Organization” for additional details on
programming Flash memory.)

The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2-Mbyte address range.
The LSb of the TBLPTR selects which
byte of the program memory location to
access.

TBLPTR<0> = 0: Least Significant Byte

of Program Memory
Word

TBLPTR<0> = 1: Most Significant Byte of
Program Memory Word

The TBLWI instruction can modify the
value of TBLPTR as follows:

* no change

* post-increment

» post-decrement

* pre-increment

1

Q1 Q2 Q3 Q4

Decode No No No
operation|operation| operation

No No No No
operation|operationjoperation| operation
(Read (Write to
TABLAT) Holding
Register)

TBLWT Table Write (Continued)
Example 1: TBLWI *+
Before Instruction
TABLAT = 55h
TBLPTR = 00A356h
HOLDING REGISTER
(00A356h) = FFh
After Instructions (table write completion)
TABLAT = 55h
TBLPTR = 00A357h
HOLDING REGISTER
(00A356h) = 55h
Example 2: TBLWI +*
Before Instruction
TABLAT = 34h
TBLPTR = 01389Ah
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = FFh
After Instruction (table write completion)
TABLAT = 34h
TBLPTR = 01389Bh
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = 34h
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27.2.3 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 27.2.3.1 “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 provided
in the examples are applicable to all instructions of
these types.

27.2.3.1 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.

2724 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 PIC18F46J11 fam-
ily, it is very important to consider the type of code. A
large, re-entrant 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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29.3

DC Characteristics:

PIC18F46J11 Family (Industrial)

DC CHARACTERISTICS

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

Pilrgm Symbol Characteristic Min Max Units Conditions
ViL Input Low Voltage
All /O ports:
D030 with TTL Buffer Vss 0.15 VDD V |VDD < 3.3V
DO030A — 0.8 V |3.3V<VDD<3.6V
D031 with Schmitt Trigger Buffer Vss 0.2 VbD \Y
D031A SDAX/SCLx — 0.3 VDD V  |I2C™ enabled
D031B — 0.8 V |SMBus enabled
D032 MCLR Vss 02Vop | V
D033 OSC1 Vss 0.3 VbD V |HS, HSPLL modes
D033A 0OSscC1 Vss 0.2 VDD V |EC, ECPLL modes
D034 T10SI Vss 0.3 V |T10SCEN =1
VIH Input High Voltage
1/0 Ports with non 5.5V
Tolerance:®)
D040 with TTL Buffer 0.25VDD + 0.8V VDD V |VDD < 3.3V
D040A 20 VDD V 3.3V <VDD<3.6V
D041 with Schmitt Trigger Buffer 0.8 VbD VDD \Y,
I/0 Ports with 5.5V Tolerance:*) Y
Dxxx with TTL Buffer 0.25 VoD + 0.8V 5.5 V |VDD < 3.3V
DxxxA 2.0 5.5 V 3.3V <VDD<3.6V
Dxxx with Schmitt Trigger Buffer 0.8 VbD 55 \Y
D041A SDAX/SCLx 0.7 VbD — V  |I’C™ enabled
D041B 2.1 — SMBus enabled, VDD > 3V
D042 MCLR 0.8 VoD 55 %
D043 0SscC1 0.7 VbD VDD V |HS, HSPLL modes
D043A 0SscC1 0.8 VbD VDD V |EC, ECPLL modes
D044 T108I 1.6 VDD V |T10SCEN=1
L Input Leakage Current®-2)
D060 1/0 Ports — 0.2 pA |VSs <VPIN < VDD,
Pin at high-impedance
D061 MCLR — 0.2 pA |Vss < VPIN < VDD
D063 OSC1 — +0.2 pA  [Vss <VPIN < VDD
IPU Weak Pull-up Current
D070 |lpure |PORTB, PORTD® and 80 400 pA |VDD = 3.3V, VPIN = Vss
PORTE® Weak Pull-up Current
Note 1: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.
2:  Negative current is defined as current sourced by the pin.
3:  Only available in 44-pin devices.
4: Refer to Table 10-2 for the pins that have corresponding tolerance limits.
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FIGURE 29-15:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)
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Refer to Figure 29-4 for load conditions.
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TABLE 29-22: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)

Pilrg\m Symbol Characteristic Min Max | Units Conditions
70 TssL2scH, |SSx | to SCKx 4 or SCKx T Input 3 Tey — | ns
TssL2scL
70A  |TssL2WB [SSx { to Write to SSPxBUF 3 Tey — | ns
71 TscH SCKXx Input High Time Continuous |1.25Tcy +30| — ns
71A (Slave mode) Single byte 40 — | ns |(Note1)
72 TscL SCKXx Input Low Time Continuous |1.25Tcy +30| — ns
72A (Slave mode) Single byte 40 — | ns [(Note1)
73 TpIV2scH, |Setup Time of SDIx Data Input to SCKx Edge 25 — ns
TpIV2scL
73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge | 1.5Tcy +40 | — ns |[(Note 2)
of Byte 2
74 TscH2pIL, |Hold Time of SDIx Data Input to SCKx Edge 35 — ns (VDD = 3.3V,
TscL2pIL VDDCORE = 2.5V
100 — ns |VDD =2.15V
75 TpoR SDOx Data Output Rise Time — 25 ns |PORTB or PORTC
76 TDOF SDOx Data Output Fall Time — 25 ns |PORTB or PORTC
77 TssH2poZ |SSx T to SDOx Output High-Impedance 10 70 | ns
80 TscH2DoV, |SDOx Data Output Valid after SCKx Edge — 50 ns |VDD =3.3V,
TscL2DoV VDDCORE = 2.5V
100 | ns |VDD=2.15V
83 TscH2ssH, |SSx T after SCKx Edge 15Tcy+40 | — | ns
TscL2ssH
Note 1. Requires the use of Parameter #73A.

2:  Only if Parameter #71A and #72A are used.
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