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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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FIGURE 4-2: BIT-REVERSED ADDRESS EXAMPLE

TABLE 4-2: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)

TABLE 4-3: BIT-REVERSED ADDRESS MODIFIER VALUES FOR XBREV REGISTER

Normal Address Bit-Reversed Address

A3 A2 A1 A0 Decimal A3 A2 A1 A0 Decimal
0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 1 0 0 0 8
0 0 1 0 2 0 1 0 0 4
0 0 1 1 3 1 1 0 0 12
0 1 0 0 4 0 0 1 0 2
0 1 0 1 5 1 0 1 0 10
0 1 1 0 6 0 1 1 0 6
0 1 1 1 7 1 1 1 0 14
1 0 0 0 8 0 0 0 1 1
1 0 0 1 9 1 0 0 1 9
1 0 1 0 10 0 1 0 1 5
1 0 1 1 11 1 1 0 1 13
1 1 0 0 12 0 0 1 1 3
1 1 0 1 13 1 0 1 1 11
1 1 1 0 14 0 1 1 1 7
1 1 1 1 15 1 1 1 1 15

Buffer Size (Words) XB<14:0> Bit-Reversed Address Modifier Value
4096 0x0800
2048 0x0400
1024 0x0200
512 0x0100
256 0x0080
128 0x0040
64 0x0020
32 0x0010
16 0x0008
8 0x0004
4 0x0002
2 0x0001

b3   b2   b1     0

b2   b3   b4     0

Bit Locations Swapped Left-to-Right
Around Center of Binary Value

Bit-Reversed Address

XB = 0x0008 for a 16-word Bit-Reversed Buffer

b7   b6   b5   b1

b7   b6   b5   b4b11  b10  b9   b8

b11  b10  b9   b8

b15 b14 b13 b12

b15 b14 b13 b12

Sequential Address

Pivot Point
© 2011 Microchip Technology Inc. DS70143E-page 43
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5.2 Reset Sequence
A Reset is not a true exception, because the interrupt
controller is not involved in the Reset process. The pro-
cessor initializes its registers in response to a Reset
which forces the PC to zero. The processor then begins
program execution at location 0x000000. A GOTO
instruction is stored in the first program memory loca-
tion immediately followed by the address target for the
GOTO instruction. The processor executes the GOTO to
the specified address and then begins operation at the
specified target (start) address.

5.2.1 RESET SOURCES
In addition to external Reset and Power-on Reset
(POR), there are 6 sources of error conditions which
‘trap’ to the Reset vector. 

• Watchdog Time-out:
The watchdog has timed out, indicating that the 
processor is no longer executing the correct flow 
of code.

• Uninitialized W Register Trap:
An attempt to use an uninitialized W register as 
an address pointer will cause a Reset.

• Illegal Instruction Trap:
Attempted execution of any unused opcodes will 
result in an illegal instruction trap. Note that a 
fetch of an illegal instruction does not result in an 
illegal instruction trap if that instruction is flushed 
prior to execution due to a flow change.

• Brown-out Reset (BOR):
A momentary dip in the power supply to the 
device has been detected which may result in 
malfunction.

• Trap Lockout:
Occurrence of multiple trap conditions 
simultaneously will cause a Reset.

• Software Reset Instruction

5.3 Traps
Traps can be considered as non-maskable interrupts
indicating a software or hardware error, which adhere
to a predefined priority, as shown in Table 5-1. They are
intended to provide the user a means to correct
erroneous operation during debug and when operating
within the application. 

Note that many of these trap conditions can only be
detected when they occur. Consequently, the question-
able instruction is allowed to complete prior to trap
exception processing. If the user chooses to recover
from the error, the result of the erroneous action that
caused the trap may have to be corrected.

There are 8 fixed priority levels for traps: level 8 through
level 15, which implies that the IPL3 is always set
during processing of a trap.

If the user is not currently executing a trap, and he sets
the IPL<3:0> bits to a value of ‘0111’ (level 7), then all
interrupts are disabled but traps can still be processed.

5.3.1 TRAP SOURCES
The following traps are provided with increasing prior-
ity. However, since all traps can be nested, priority has
little effect.

Math Error Trap:
The math error trap executes under the following four
circumstances: 

• Should an attempt be made to divide by zero, the 
divide operation will be aborted on a cycle 
boundary and the trap taken. 

• If enabled, a math error trap will be taken when an 
arithmetic operation on either accumulator A or B 
causes an overflow from bit 31 and the accumula-
tor guard bits are not utilized.

• If enabled, a math error trap will be taken when an 
arithmetic operation on either accumulator A or B 
causes a catastrophic overflow from bit 39 and all 
saturation is disabled.

• If the shift amount specified in a shift instruction is 
greater than the maximum allowed shift amount, a 
trap will occur.

Address Error Trap:
This trap is initiated when any of the following
circumstances occurs:

• A misaligned data word access is attempted
• A data fetch from and unimplemented data 

memory location is attempted
• A data fetch from an unimplemented program 

memory location is attempted
• An instruction fetch from vector space is 

attemptedNote: If the user does not intend to take correc-
tive action in the event of a trap error con-
dition, these vectors must be loaded with
the address of a default handler that sim-
ply contains the RESET instruction. If, on
the other hand, one of the vectors contain-
ing an invalid address is called, an
address error trap is generated. 

Note: In the MAC class of instructions, wherein
the data space is split into X and Y data
space, unimplemented X space includes
all of Y space, and unimplemented Y
space includes all of X space. 
© 2011 Microchip Technology Inc. DS70143E-page 47
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7.3 Writing to the Data EEPROM 
To write an EEPROM data location, the following
sequence must be followed:

1. Erase data EEPROM word.
a) Select word, data EEPROM erase and set

WREN bit in NVMCON register.
b) Write address of word to be erased into

NVMADR.
c) Enable NVM interrupt (optional).
d) Write 0x55 to NVMKEY.
e) Write 0xAA to NVMKEY.
f) Set the WR bit. This will begin erase cycle.
g) Either poll NVMIF bit or wait for NVMIF

interrupt.
h) The WR bit is cleared when the erase cycle

ends.
2. Write data word into data EEPROM write

latches.
3. Program 1 data word into data EEPROM.

a) Select word, data EEPROM program and
set WREN bit in NVMCON register.

b) Enable NVM write done interrupt (optional).
c) Write 0x55 to NVMKEY.
d) Write 0xAA to NVMKEY.
e) Set the WR bit. This will begin program

cycle.
f) Either poll NVMIF bit or wait for NVM

interrupt.
g) The WR bit is cleared when the write cycle

ends.

The write will not initiate if the above sequence is not
exactly followed (write 0x55 to NVMKEY, write 0xAA to
NVMCON, then set WR bit) for each word. It is strongly
recommended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in NVMCON must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution. The WREN bit should be kept clear at all times
except when updating the EEPROM. The WREN bit is
not cleared by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect the current write cycle. The WR
bit will be inhibited from being set unless the WREN bit
is set. The WREN bit must be set on a previous instruc-
tion. Both WR and WREN cannot be set with the same
instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the Non-Volatile Memory
Write Complete Interrupt Flag bit (NVMIF) is set. The
user may either enable this interrupt or poll this bit.
NVMIF must be cleared by software.    

7.3.1 WRITING A WORD OF DATA 
EEPROM 

Once the user has erased the word to be programmed,
then a table write instruction is used to write one write
latch, as shown in Example 7-4. 

EXAMPLE 7-4: DATA EEPROM WORD WRITE
; Point to data memory

MOV #LOW_ADDR_WORD,W0 ; Init pointer
MOV #HIGH_ADDR_WORD,W1
MOV W1,TBLPAG
MOV #LOW(WORD),W2 ; Get data
TBLWTL W2,[ W0] ; Write data

; The NVMADR captures last table access address
; Select data EEPROM for 1 word op

MOV #0x4004,W0
MOV W0,NVMCON

    
; Operate key to allow write operation

DISI #5 ; Block all interrupts with priority <7 for
; next 5 instructions

MOV #0x55,W0
MOV W0,NVMKEY ; Write the 0x55 key
MOV #0xAA,W1
MOV W1,NVMKEY ; Write the 0xAA key
BSET NVMCON,#WR ; Initiate program sequence

    NOP
    NOP    
; Write cycle will complete in 2 ms. CPU is not stalled for the Data Write Cycle
; User can poll WR bit, use NVMIF or Timer IRQ to determine write complete
© 2011 Microchip Technology Inc. DS70143E-page 59
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18.3.7 BIT CLOCK GENERATOR
The DCI module has a dedicated 12-bit time base that
produces the bit clock. The bit clock rate (period) is set
by writing a non-zero 12-bit value to the BCG<11:0>
control bits in the DCICON3 SFR. 

When the BCG<11:0> bits are set to zero, the bit clock
will be disabled. If the BCG<11:0> bits are set to a non-
zero value, the bit clock generator is enabled. These
bits should be set to ‘0’ and the CSCKD bit set to ‘1’ if
the serial clock for the DCI is received from an external
device.

The formula for the bit clock frequency is given in
Equation 18-2.

EQUATION 18-2: BIT CLOCK FREQUENCY 

The required bit clock frequency will be determined by
the system sampling rate and frame size. Typical bit
clock frequencies range from 16x to 512x the converter
sample rate depending on the data converter and the
communication protocol that is used.

To achieve bit clock frequencies associated with com-
mon audio sampling rates, the user will need to select
a crystal frequency that has an ‘even’ binary value.
Examples of such crystal frequencies are listed in
Table 18-1.

TABLE 18-1: DEVICE FREQUENCIES FOR COMMON CODEC CSCK FREQUENCIES

FBCK  =
FCY

2    (BCG + 1)•

FS (kHz) FCSCK/FS FCSCK (MHz)(1) FOSC (MHZ) PLL FCY (MIPS) BCG(2)

8 256 2.048 8.192 4 8.192 1
12 256 3.072 6.144 8 12.288 1
32 32 1.024 8.192 8 16.384 7

44.1 32 1.4112 5.6448 8 11.2896 3
48 64 3.072 6.144 16 24.576 3

Note 1: When the CSCK signal is applied externally (CSCKD = 1), the external clock high and low times must meet
the device timing requirements. 

2: When the CSCK signal is applied externally (CSCKD = 1), the BCG<11:0> bits have no effect on the 
operation of the DCI module.
© 2011 Microchip Technology Inc. DS70143E-page 127
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18.3.8 SAMPLE CLOCK EDGE 

CONTROL BIT
The sample clock edge (CSCKE) control bit determines
the sampling edge for the CSCK signal. If the CSCK bit
is cleared (default), data will be sampled on the falling
edge of the CSCK signal. The AC-Link protocols and
most Multi-Channel formats require that data be sam-
pled on the falling edge of the CSCK signal. If the
CSCK bit is set, data will be sampled on the rising edge
of CSCK. The I2S protocol requires that data be
sampled on the rising edge of the CSCK signal.

18.3.9 DATA JUSTIFICATION 
CONTROL BIT

In most applications, the data transfer begins one
CSCK cycle after the COFS signal is sampled active.
This is the default configuration of the DCI module. An
alternate data alignment can be selected by setting the
DJST control bit in the DCICON1 SFR. When DJST = 1,
data transfers will begin during the same CSCK cycle
when the COFS signal is sampled active.

18.3.10 TRANSMIT SLOT ENABLE BITS
The TSCON SFR has control bits that are used to
enable up to 16 time slots for transmission. These con-
trol bits are the TSE<15:0> bits. The size of each time
slot is determined by the WS<3:0> word size selection
bits and can vary up to 16 bits.

If a transmit time slot is enabled via one of the TSE bits
(TSEx = 1), the contents of the current transmit shadow
buffer location will be loaded into the CSDO Shift regis-
ter and the DCI buffer control unit is incremented to
point to the next location. 

During an unused transmit time slot, the CSDO pin will
drive ‘0’s or will be tri-stated during all disabled time
slots depending on the state of the CSDOM bit in the
DCICON1 SFR. 

The data frame size in bits is determined by the chosen
data word size and the number of data word elements
in the frame. If the chosen frame size has less than 16
elements, the additional slot enable bits will have no
effect.

Each transmit data word is written to the 16-bit transmit
buffer as left justified data. If the selected word size is
less than 16 bits, then the LSbs of the transmit buffer
memory will have no effect on the transmitted data. The
user should write ‘0’s to the unused LSbs of each 
transmit buffer location.

18.3.11 RECEIVE SLOT ENABLE BITS
The RSCON SFR contains control bits that are used to
enable up to 16 time slots for reception. These control
bits are the RSE<15:0> bits. The size of each receive
time slot is determined by the WS<3:0> word size
selection bits and can vary from 1 to 16 bits. 

If a receive time slot is enabled via one of the RSE bits
(RSEx = 1), the shift register contents will be written to
the current DCI receive shadow buffer location and the
buffer control unit will be incremented to point to the
next buffer location.

Data is not packed in the receive memory buffer loca-
tions if the selected word size is less than 16 bits. Each
received slot data word is stored in a separate 16-bit
buffer location. Data is always stored in a left justified
format in the receive memory buffer.

18.3.12 SLOT ENABLE BITS OPERATION 
WITH FRAME SYNC

The TSE and RSE control bits operate in concert with
the DCI frame sync generator. In the Master mode, a
COFS signal is generated whenever the frame sync
generator is reset. In the Slave mode, the frame sync
generator is reset whenever a COFS pulse is received.

The TSE and RSE control bits allow up to 16 consecu-
tive time slots to be enabled for transmit or receive.
After the last enabled time slot has been transmitted/
received, the DCI will stop buffering data until the next
occurring COFS pulse.

18.3.13 SYNCHRONOUS DATA 
TRANSFERS

The DCI buffer control unit will be incremented by one
word location whenever a given time slot has been
enabled for transmission or reception. In most cases,
data input and output transfers will be synchronized,
which means that a data sample is received for a given
channel at the same time a data sample is transmitted.
Therefore, the transmit and receive buffers will be filled
with equal amounts of data when a DCI interrupt is
generated.

In some cases, the amount of data transmitted and
received during a data frame may not be equal. As an
example, assume a two-word data frame is used. Fur-
thermore, assume that data is only received during
slot #0 but is transmitted during slot #0 and slot #1. In
this case, the buffer control unit counter would be incre-
mented twice during a data frame but only one receive
register location would be filled with data.
DS70143E-page 128 © 2011 Microchip Technology Inc.
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19.1  ADC Result Buffer
The module contains a 16-word dual port read only buf-
fer, called ADCBUF0...ADCBUFF, to buffer the ADC
results. The RAM is 12 bits wide but the data obtained
is represented in one of four different 16-bit data for-
mats. The contents of the sixteen ADC Result Buffer
registers, ADCBUF0 through ADCBUFF, cannot be
written by user software.   

19.2 Conversion Operation
After the ADC module has been configured, the sample
acquisition is started by setting the SAMP bit. Various
sources, such as a programmable bit, timer time-outs
and external events, will terminate acquisition and start
a conversion. When the A/D conversion is complete,
the result is loaded into ADCBUF0...ADCBUFF, and
the DONE bit and the ADC interrupt flag ADIF are set
after the number of samples specified by the SMPI bit.
The ADC module can be configured for different inter-
rupt rates as described in Section 19.3 “Selecting the
Conversion Sequence”.

Use the following steps to perform an Analog-to-Digital
conversion:

1. Configure the ADC module:
a) Configure the analog pins, voltage refer-

ence and digital I/O.
b) Select the ADC input channels.
c) Select the ADC conversion clock.
d) Select the ADC conversion trigger.
e) Turn on the ADC module.

2. Configure ADC interrupt (if required):
a) Clear the ADIF bit. 
b) Select the ADC interrupt priority.

3. Start sampling.
4. Wait the required acquisition time.
5. Trigger acquisition end, start conversion:
6. Wait for ADC conversion to complete, by either:

• Waiting for the ADC interrupt, or
• Waiting for the DONE bit to get set.

7. Read ADC result buffer, clear ADIF if required.

19.3 Selecting the Conversion 
Sequence

Several groups of control bits select the sequence in
which the ADC connects inputs to the sample/hold
channel, converts a channel, writes the buffer memory
and generates interrupts.

The sequence is controlled by the sampling clocks.

The SMPI bits select the number of acquisition/
conversion sequences that would be performed before
an interrupt occurs. This can vary from 1 sample per
interrupt to 16 samples per interrupt. 

The BUFM bit will split the 16-word results buffer into
two 8-word groups. Writing to the 8-word buffers will be
alternated on each interrupt event.

Use of the BUFM bit will depend on how much time is
available for the moving of the buffers after the
interrupt.

If the processor can quickly unload a full buffer within
the time it takes to acquire and convert one channel,
the BUFM bit can be ‘0’ and up to 16 conversions (cor-
responding to the 16 input channels) may be done per
interrupt. The processor will have one acquisition and
conversion time to move the sixteen conversions.

If the processor cannot unload the buffer within the
acquisition and conversion time, the BUFM bit should be
‘1’. For example, if SMPI<3:0> (ADCON2<5:2>) = 0111,
then eight conversions will be loaded into 1/2 of the
buffer, following which an interrupt occurs. The next
eight conversions will be loaded into the other 1/2 of the
buffer. The processor will have the entire time between
interrupts to move the eight conversions.

The ALTS bit can be used to alternate the inputs
selected during the sampling sequence. The input
multiplexer has two sets of sample inputs: MUX A and
MUX B. If the ALTS bit is ‘0’, only the MUX A inputs are
selected for sampling. If the ALTS bit is ‘1’ and
SMPI<3:0> = 0000 on the first sample/convert
sequence, the MUX A inputs are selected and, on the
next acquire/convert sequence, the MUX B inputs are
selected.

The CSCNA bit (ADCON2<10>) will allow the multi-
plexer input to be alternately scanned across a
selected number of analog inputs for the MUX A group.
The inputs are selected by the ADCSSL register. If a
particular bit in the ADCSSL register is ‘1’, the corre-
sponding input is selected. The inputs are always
scanned from lower to higher numbered inputs, starting
after each interrupt. If the number of inputs selected is
greater than the number of samples taken per interrupt,
the higher numbered inputs are unused.
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19.7  ADC Speeds
The dsPIC30F 12-bit ADC specifications permit a max-
imum of 200 ksps sampling rate. The table below sum-
marizes the conversion speeds for the dsPIC30F 12-bit
ADC and the required operating conditions.

TABLE 19-1: 12-BIT ADC EXTENDED CONVERSION RATES
dsPIC30F 12-bit ADC Conversion Rates

 Speed TAD 
Minimum

Sampling 
Time Min Rs Max VDD Temperature  Channels Configuration

Up to 200 
ksps(1)

334 ns 1 TAD 2.5 kΩ 4.5V 
to 

5.5V

-40°C to +85°C

Up to 100 
ksps

668 ns 1 TAD 2.5 kΩ 3.0V 
to 

5.5V

-40°C to +125°C

Note 1: External VREF- and VREF+ pins must be used for correct operation. See Figure 19-2 for recommended
circuit.

VREF- VREF+

ADC
ANx

S/H
CHX

VREF- VREF+

ADC
ANx

S/H
CHX

ANx or VREF-

or
AVSS

or
AVDD
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20.5  Watchdog Timer (WDT)

20.5.1 WATCHDOG TIMER OPERATION
The primary function of the Watchdog Timer (WDT) is
to reset the processor in the event of a software
malfunction. The WDT is a free running timer, which
runs off an on-chip RC oscillator, requiring no external
component. Therefore, the WDT timer will continue to
operate even if the main processor clock (e.g., the
crystal oscillator) fails.

20.5.2 ENABLING AND DISABLING THE 
WDT

The Watchdog Timer can be “Enabled” or “Disabled”
only through a Configuration bit (FWDTEN) in the
Configuration register FWDT.

Setting FWDTEN = 1 enables the Watchdog Timer.
The enabling is done when programming the device.
By default, after chip-erase, FWDTEN bit = 1. Any
device programmer capable of programming
dsPIC30F devices allows programming of this and
other Configuration bits.

If enabled, the WDT will increment until it overflows or
“times out”. A WDT time-out will force a device Reset
(except during Sleep). To prevent a WDT time-out, the
user must clear the Watchdog Timer using a CLRWDT
instruction. 

If a WDT times out during Sleep, the device will wake-
up. The WDTO bit in the RCON register will be cleared
to indicate a wake-up resulting from a WDT time-out.

Setting FWDTEN = 0 allows user software to enable/
disable the Watchdog Timer via the SWDTEN  control
bit (RCON<5>).

20.6 Low-Voltage Detect
The Low-Voltage Detect (LVD) module is used to
detect when the VDD of the device drops below a
threshold value, VLVD, which is determined by the
LVDL<3:0> bits (RCON<11:8>) and is thus user pro-
grammable. The internal voltage reference circuitry
requires a nominal amount of time to stabilize, and the
BGST bit (RCON<13>) indicates when the voltage 
reference has stabilized.

In some devices, the LVD threshold voltage may be
applied externally on the LVDIN pin.

The LVD module is enabled by setting the LVDEN bit
(RCON<12>).

20.7 Power-Saving Modes
There are two power-saving states that can be entered
through the execution of a special instruction, PWRSAV.

These are: Sleep and Idle.

The format of the PWRSAV instruction is as follows:

PWRSAV <parameter>, 

where:

‘parameter’ defines Idle or Sleep mode.

20.7.1 SLEEP MODE 
In Sleep mode, the clock to the CPU and peripherals is
shutdown. If an on-chip oscillator is being used, it is
shutdown.

The Fail-Safe Clock Monitor is not functional during
Sleep, since there is no clock to monitor. However,
LPRC clock remains active if WDT is operational during
Sleep.

The Brown-out protection circuit, if enabled, will remain
functional during Sleep. 

The processor wakes up from Sleep if at least one of
the following conditions has occurred:

• On any interrupt that is individually enabled and 
meets the required priority level

• On any Reset (POR, BOR and MCLR) 
• On  WDT time-out

On waking up from Sleep mode, the processor will
restart the same clock that was active prior to entry
into Sleep mode. When clock switching is enabled,
bits COSC<2:0> will determine the oscillator source
that will be used on wake-up. If clock switch is
disabled, then there is only one system clock.

If the clock source is an oscillator, the clock to the
device is held off until OST times out (indicating a
stable oscillator). If PLL is used, the system clock is
held off until LOCK = 1 (indicating that the PLL is
stable). Either way, TPOR, TLOCK and TPWRT delays are
applied.

If EC, FRC, LPRC or EXTRC oscillators are used, then
a delay of TPOR (~ 10 μs) is applied. This is the smallest
delay possible on wake-up from Sleep.

Moreover, if LP oscillator was active during Sleep, and
LP is the oscillator used on wake-up, then the start-up
delay will be equal to TPOR. PWRT delay and OST
timer delay are not applied. In order to have the small-
est possible start-up delay when waking up from Sleep,
one of these faster wake-up options should be selected
before entering Sleep.

Note: If a POR or BOR occurred, the selection of
the oscillator is based on the FOS<2:0>
and FPR<4:0> Configuration bits.
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TABLE 23-4: DC TEMPERATURE AND VOLTAGE SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial 

-40°C ≤ TA ≤ +125°C for Extended 

Param 
No. Symbol Characteristic Min Typ(1) Max Units Conditions

Operating Voltage(2)

DC10 VDD Supply Voltage 2.5 — 5.5 V Industrial temperature
DC11 VDD Supply Voltage 3.0 — 5.5 V Extended temperature
DC12 VDR RAM Data Retention Voltage(3) 1.75 — — V
DC16 VPOR VDD Start Voltage

to ensure internal
Power-on Reset signal

— VSS — V

DC17 SVDD VDD Rise Rate
to ensure internal
Power-on Reset signal

0.05 — — V/ms 0-5V in 0.1 sec
0-3V in 60 ms

Note 1: Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and 
are not tested.

2: These parameters are characterized but not tested in manufacturing.
3: This is the limit to which VDD can be lowered without losing RAM data.
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TABLE 23-17: INTERNAL CLOCK TIMING EXAMPLES
Clock 

Oscillator
Mode

FOSC 
(MHz)(1) TCY (μsec)(2) MIPS(3)

w/o PLL
MIPS(3)

w PLL x4
MIPS(3)

w PLL x8
MIPS(3)

w PLL x16

EC 0.200 20.0 0.05 — — —
4 1.0 1.0 4.0 8.0 16.0

10 0.4 2.5 10.0 20.0 —
25 0.16 6.25 — — —

XT 4 1.0 1.0 4.0 8.0 16.0
10 0.4 2.5 10.0 20.0 —

Note 1: Assumption: Oscillator Postscaler is divide by 1.
2: Instruction Execution Cycle Time: TCY = 1/MIPS.
3: Instruction Execution Frequency: MIPS = (FOSC * PLLx)/4.

TABLE 23-18: AC CHARACTERISTICS: INTERNAL FRC ACCURACY

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial

-40°C ≤ TA ≤ +125°C for Extended

Param 
No. Characteristic Min Typ Max Units Conditions

Internal FRC Accuracy @ FRC Freq. = 7.37 MHz(1)

OS63 FRC — — ±2.00 % -40°C ≤ TA ≤ +85°C VDD = 3.0-5.5V
— — ±5.00 % -40°C ≤ TA ≤ +125°C VDD = 3.0-5.5V

Note 1: Frequency calibrated at 7.372 MHz ±2%, 25°C and 5V. TUN bits (OSCCON<3:0>) can be used to        
compensate for temperature drift.

TABLE 23-19: AC CHARACTERISTICS: INTERNAL LPRC ACCURACY

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial 

-40°C ≤ TA ≤ +125°C for Extended 

Param
No. Characteristic Min Typ Max Units Conditions

LPRC @ Freq. = 512 kHz(1)

OS65A -50 — +50 % VDD = 5.0V, ±10%
OS65B -60 — +60 % VDD = 3.3V, ±10%
OS65C -70 — +70 % VDD = 2.5V
Note 1: Change of LPRC frequency as VDD changes.
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FIGURE 23-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 

TIMER TIMING CHARACTERISTICS       

VDD

MCLR

Internal
POR

PWRT
Time-out

OSC
Time-out

Internal
RESET

Watchdog
Timer

RESET

SY11

SY10

SY20
SY13

I/O Pins

SY13

Note: Refer to Figure 23-3 for load conditions.

FSCM 
Delay

SY35 

SY30

SY12
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FIGURE 23-12: DCI MODULE (MULTICHANNEL, I2S MODES) TIMING CHARACTERISTICS    

COFS

CSCK
(SCKE = 0)

CSCK
(SCKE = 1)

CSDO

CSDI

CS11 CS10

CS40 CS41

CS21CS20

CS35

CS21

MSb LSb

MSb IN LSb IN

CS31

HIGH-Z HIGH-Z

70

CS30

CS51 CS50

CS55

Note: Refer to Figure 23-3 for load conditions.

CS20

CS56
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FIGURE 23-14: SPI MODULE MASTER MODE (CKE = 0) TIMING CHARACTERISTICS   

     
TABLE 23-31: SPI MASTER MODE (CKE = 0) TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial 

-40°C ≤ TA ≤ +125°C for Extended 

Param
No. Symbol Characteristic(1) Min Typ(2) Max Units Conditions

SP10 TscL SCKX Output Low Time(3) TCY / 2 — — ns
SP11 TscH SCKX Output High Time(3) TCY/2 — — ns
SP20 TscF SCKX Output Fall Time(4) — — — ns See parameter DO32
SP21 TscR SCKX Output Rise Time(4) — — — ns See parameter DO31

SP30 TdoF SDOX Data Output Fall Time(4) — — — ns See parameter DO32
SP31 TdoR SDOX Data Output Rise 

Time(4)
— — — ns See parameter DO31

SP35 TscH2doV,
TscL2doV

SDOX Data Output Valid after 
SCKX Edge

— — 30 ns

SP40 TdiV2scH,
TdiV2scL

Setup Time of SDIX Data Input
to SCKX Edge

20 — — ns

SP41 TscH2diL,
TscL2diL

Hold Time of SDIX Data Input
to SCKX Edge 

20 — — ns

Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and 

are not tested.
3: The minimum clock period for SCK is 100 ns. Therefore, the clock generated in Master mode must not 

violate this specification.
4:  Assumes 50 pF load on all SPI pins.

SCKx
(CKP = 0)

SCKx
(CKP = 1)

SDOx

SDIx

SP11 SP10

SP40 SP41

SP21SP20SP35

SP20SP21

MSb LSbBIT14 - - - - - -1

MSb IN LSb INBIT14 - - - -1

SP30SP31

Note: Refer to Figure 23-3 for load conditions.
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FIGURE 23-17: SPI MODULE SLAVE MODE (CKE = 1) TIMING CHARACTERISTICS     

SSX

SCKX
(CKP = 0)

SCKX
(CKP = 1)

SDOX

SDI

SP50

SP60

SDIX

SP30,SP31

MSb BIT14 - - - - - -1 LSb

SP51

MSb IN BIT14 - - - -1 LSb IN

SP35

SP52

SP52

SP73SP72

SP72SP73SP71 SP70

SP40
SP41

Note: Refer to Figure 23-3 for load conditions.
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