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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 2-1: PROGRAMMER’S MODEL
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2.4.2.4 Data Space Write Saturation

In addition to adder/subtracter saturation, writes to data
space may also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15 frac-
tional value from the round logic block as its input,
together with overflow status from the original source
(accumulator) and the 16-bit round adder. These are
combined and used to select the appropriate 1.15 frac-
tional value as output to write to data space memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly. For input data greater than
0x007FFF, data written to memory is forced to the max-
imum positive 1.15 value, 0x7FFF. For input data less
than 0xFF8000, data written to memory is forced to the
maximum negative 1.15 value, 0x8000. The MSb of the
source (bit 39) is used to determine the sign of the
operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions. 

2.4.3 BARREL SHIFTER

The barrel shifter is capable of performing up to 15-bit
arithmetic or logic right shifts, or up to 16-bit left shifts
in a single cycle. The source can be either of the two
DSP accumulators or the X bus (to support multi-bit
shifts of register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value will shift the operand
right. A negative value will shift the operand left. A
value of ‘0’ will not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions 0 to 15 for left shifts.
 2006-2014 Microchip Technology Inc. DS70000178D-page 27
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Address Error Trap:

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

1. A misaligned data word access is attempted.

2. A data fetch from our unimplemented data
memory location is attempted.

3. A data access of an unimplemented program
memory location is attempted.

4. An instruction fetch from vector space is
attempted.

5. Execution of a “BRA #literal” instruction or a
“GOTO #literal” instruction, where literal
is an unimplemented program memory address.

6. Executing instructions after modifying the PC to
point to unimplemented program memory
addresses. The PC may be modified by loading
a value into the stack and executing a RETURN
instruction.

Stack Error Trap:

This trap is initiated under the following conditions:

1. The Stack Pointer is loaded with a value which
is greater than the (user-programmable) limit
value written into the SPLIM register (stack
overflow).

2. The Stack Pointer is loaded with a value which
is less than 0x0800 (simple stack underflow).

Oscillator Fail Trap:

This trap is initiated if the external oscillator fails and
operation becomes reliant on an internal RC backup.

5.3.2 HARD AND SOFT TRAPS

It is possible that multiple traps can become active
within the same cycle (e.g., a misaligned word stack
write to an overflowed address). In such a case, the
fixed priority shown in Figure 5-1 is implemented,
which may require the user to check if other traps are
pending, in order to completely correct the fault.

‘Soft’ traps include exceptions of priority level 8 through
level 11, inclusive. The arithmetic error trap (level 11)
falls into this category of traps.

‘Hard’ traps include exceptions of priority level 12
through level 15, inclusive. The address error (level
12), stack error (level 13) and oscillator error (level 14)
traps fall into this category.

Each hard trap that occurs must be acknowledged
before code execution of any type may continue. If a
lower priority hard trap occurs while a higher priority
trap is pending, acknowledged, or is being processed,
a hard trap conflict will occur.

The device is automatically Reset in a hard trap conflict
condition. The TRAPR Status bit (RCON<15>) is set
when the Reset occurs, so that the condition may be
detected in software.

FIGURE 5-1: TRAP VECTORS  

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. 

Address Error Trap Vector

Oscillator Fail Trap Vector
Stack Error Trap Vector

Reserved Vector
Math Error Trap Vector

Reserved

Oscillator Fail Trap Vector
Address Error Trap Vector

Reserved Vector
Reserved Vector
Interrupt 0 Vector
Interrupt 1 Vector

—
—
—

Interrupt 52 Vector
Interrupt 53 Vector

Math Error Trap Vector

D
e

cr
e

as
in

g
P

rio
ri

ty

0x000000

0x000014

Reserved

Stack Error Trap Vector

Reserved Vector
Reserved Vector
Interrupt 0 Vector
Interrupt 1 Vector

—
—
—

Interrupt 52 Vector
Interrupt 53 Vector

IVT

AIVT

0x000080
0x00007E

0x0000FE

Reserved

0x000094

Reset - GOTO Instruction
Reset - GOTO Address 0x000002

Reserved
0x000082
0x000084

0x000004

Reserved Vector
DS70000178D-page 50  2006-2014 Microchip Technology Inc.



dsPIC30F1010/202X
bit 2 OC1IE: Output Compare Channel 1 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 1 IC1IE: Input Capture Channel 1 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 0 INT0IE: External Interrupt 0 Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

REGISTER 5-6: IEC0: INTERRUPT ENABLE CONTROL REGISTER 0 (CONTINUED)
DS70000178D-page 60  2006-2014 Microchip Technology Inc.
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REGISTER 5-11: IPC2: INTERRUPT PRIORITY CONTROL REGISTER 2

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0

— ADIP<2:0> — U1TXIP<2:0>

bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0

— U1RXIP<2:0> — SPI1IP<2:0>

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 15 Unimplemented: Read as ‘0’

bit 14-12 ADIP<2:0>: ADC Conversion Complete Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

•

•

•

001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 U1TXIP<2:0>: UART1 Transmitter Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

•

•

•

001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 U1RXIP<2:0>: UART1 Receiver Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

•

•

•

001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 SPI1IP<2:0>: SPI1 Event Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

•

•

•

001 = Interrupt is priority 1
000 = Interrupt source is disabled
 2006-2014 Microchip Technology Inc. DS70000178D-page 65
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8.0 TIMER1 MODULE

This section describes the 16-bit General Purpose
Timer1 module and associated operational modes.
Figure 8-1 depicts the simplified block diagram of the
16-bit Timer1 Module.

The following sections provide a detailed description of
the operational modes of the timers, including setup
and control registers along with associated block 
diagrams. 

The Timer1 module is a 16-bit timer which can serve as
the time counter for the real-time clock, or operate as a
free running interval timer/counter. The 16-bit timer has
the following modes:

• 16-bit Timer

• 16-bit Synchronous Counter

• 16-bit Asynchronous Counter

Further, the following operational characteristics are
supported:

• Timer gate operation

• Selectable prescaler settings

• Timer operation during CPU Idle and Sleep 
modes

• Interrupt on 16-bit period register match or falling 
edge of external gate signal

These operating modes are determined by setting the
appropriate bit(s) in the 16-bit SFR, T1CON. Figure 8-1
presents a block diagram of the 16-bit timer module.

16-bit Timer Mode: In the 16-bit Timer mode, the timer
increments on every instruction cycle up to a match
value, preloaded into the period register PR1, then
resets to 0 and continues to count. 

When the CPU goes into the Idle mode, the timer will
stop incrementing, unless the TSIDL (T1CON<13>)
bit = 0. If TSIDL = 1, the timer module logic will resume
the incrementing sequence upon termination of the
CPU Idle mode.

16-bit Synchronous Counter Mode: In the 16-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the internal phase clocks.
The timer counts up to a match value preloaded in PR1,
then resets to 0 and continues.

When the CPU goes into the Idle mode, the timer will
stop incrementing, unless the respective TSIDL bit = 0.
If TSIDL = 1, the timer module logic will resume the
incrementing sequence upon termination of the CPU
Idle mode.

16-bit Asynchronous Counter Mode: In the 16-bit
Asynchronous Counter mode, the timer increments on
every rising edge of the applied external clock signal.
The timer counts up to a match value preloaded in PR1,
then resets to ‘0’ and continues.

When the timer is configured for the Asynchronous mode
of operation and the CPU goes into the Idle mode, the
timer will stop incrementing if TSIDL = 1.

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the “dsPIC30F Family Reference
Manual” (DS70046).

Note: Timer1 is a ‘Type A’ timer. Please refer to
the specifications for a Type A timer in
Section 21.0 “Electrical Characteris-
tics” of this document.
 2006-2014 Microchip Technology Inc. DS70000178D-page 87
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FIGURE 9-1: 32-BIT TIMER2/3 BLOCK DIAGRAM
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11.4.1 PWM PERIOD

The PWM period is specified by writing to the PRx reg-
ister. The PWM period can be calculated using
Equation 11-1.

EQUATION 11-1: PWM PERIOD

PWM frequency is defined as 1/[PWM period].

When the selected TMRx is equal to its respective
period register, PRx, the following four events occur on
the next increment cycle:

• TMRx is cleared.

• The OCx pin is set.

- Exception 1: If PWM duty cycle is 0x0000, 
the OCx pin will remain low.

- Exception 2: If duty cycle is greater than PRx, 
the pin will remain high.

• The PWM duty cycle is latched from OCxRS into 
OCxR.

• The corresponding timer interrupt flag is set.

See Figure 11-1 for key PWM period comparisons.
Timer3 is referred to in the figure for clarity. 

11.4.2 PWM WITH FAULT PROTECTION 
INPUT PIN

When control bits OCM<2:0> (OCxCON<2:0>) = 111,
Fault protection is enabled via the OCFLTA pin. If the a
logic ‘0’ is detected on the OCFLTA pin, the output pins
are placed in a high-impedance state. The state
remains until:

•  the external Fault condition has been removed 
and

•  the PWM mode is reenabled by writing to the 
appropriate control bits

As a result of the Fault condition, the OCxIF interrupt is
asserted, and an interrupt will be generated, if enabled.
Upon detection of the Fault condition, the OCFLTx bit
in the OCxCON register is asserted high. This bit is a
read-only bit and will be cleared once the external Fault
condition has been removed, and the PWM mode is
reenabled by writing the appropriate mode bits,
OCM<2:0> in the OCxCON register.

11.5 Output Compare Operation During 
CPU Sleep Mode

When the CPU enters the Sleep mode, all internal
clocks are stopped. Therefore, when the CPU enters
the Sleep state, the output compare channel will drive
the pin to the active state that was observed prior to
entering the CPU Sleep state.

For example, if the pin was high when the CPU
entered the Sleep state, the pin will remain high. Like-
wise, if the pin was low when the CPU entered the
Sleep state, the pin will remain low. In either case, the
output compare module will resume operation when
the device wakes up.

11.6 Output Compare Operation During 
CPU Idle Mode 

When the CPU enters the Idle mode, the output
compare module can operate with full functionality.

The output compare channel will operate during the
CPU Idle mode if the OCSIDL bit (OCxCON<13>) is at
logic ‘0’ and the selected time base (Timer2 or Timer3)
is enabled and the TSIDL bit of the selected timer is
set to logic ‘0’.

PWM period   = [(PRx) + 1] • 4 • TOSC •
(TMRx prescale value)
 2006-2014 Microchip Technology Inc. DS70000178D-page 103
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12.34.3 APPLICATION OF PUSH-PULL PWM 
MODE

Push-Pull PWM mode is typically used in transformer
coupled circuits to ensure that no net DC currents flow
through the transformer. Push-Pull mode ensures that
the same duty cycle PWM pulse is applied to the
transformer windings in alternate directions, as shown
in Figure 12-24.

FIGURE 12-24: APPLICATIONS OF PUSH-
PULL PWM MODE 

12.34.4 APPLICATION OF MULTI-PHASE PWM 
MODE

Multi-Phase PWM mode is often used in DC/DC con-
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are operated slightly out of phase of each other, as
shown in Figure 12-25. The multiple phases create an
effective switching speed equal to the sum of the indi-
vidual converters. If a single phase is operating with a
333 KHz PWM frequency, then the effective switching
frequency for the circuit is 1 MHz. This high switching
frequency greatly reduces output capacitor size
requirements and improves load transient response.

FIGURE 12-25: APPLICATIONS OF MULTI-
PHASE PWM MODE 
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NOTES:
DS70000178D-page 160  2006-2014 Microchip Technology Inc.



dsPIC30F1010/202X
15.2 Transmitting in 8-bit Data Mode

1. Set up the UART:

a) Write appropriate values for data, parity and
Stop bits.

b) Write appropriate baud rate value to the
U1BRG register.

c) Set up transmit and receive interrupt enable
and priority bits.

2. Enable the UART.

3. Set the UTXEN bit (causes a transmit interrupt).

4. Write data byte to lower byte of TXxREG word.
The value will be immediately transferred to the
Transmit Shift Register (TSR), and the serial bit
stream will start shifting out with next rising edge
of the baud clock.

5. Alternately, the data byte may be transferred
while UTXEN = 0, and then the user may set
UTXEN. This will cause the serial bit stream to
begin immediately because the baud clock will
start from a cleared state.

6. A transmit interrupt will be generated as per
interrupt control bit, UTXISELx.

15.3 Transmitting in 9-bit Data Mode

1. Set up the UART (as described in Section 15.2
“Transmitting in 8-bit Data Mode”).

2. Enable the UART.

3. Set the UTXEN bit (causes a transmit interrupt).

4. Write TXxREG as a 16-bit value only.

5. A word write to TXxREG triggers the transfer of
the 9-bit data to the TSR. Serial bit stream will
start shifting out with the first rising edge of the
baud clock.

6. A transmit interrupt will be generated as per the
setting of control bit, UTXISELx.

15.4 Break and Sync Transmit 
Sequence

The following sequence will send a message frame
header made up of a Break, followed by an auto-baud
Sync byte.

1. Configure the UART for the desired mode.

2. Set UTXEN and UTXBRK – sets up the Break
character,

3. Load the TXxREG with a dummy character to
initiate transmission (value is ignored).

4. Write ‘55h’ to TXxREG – loads Sync character
into the transmit FIFO.

5. After the Break has been sent, the UTXBRK bit
is reset by hardware. The Sync character now
transmits.

15.5 Receiving in 8-bit or 9-bit Data 
Mode

1. Set up the UART (as described in Section 15.2
“Transmitting in 8-bit Data Mode”).

2. Enable the UART.

3. A receive interrupt will be generated when one
or more data characters have been received as
per interrupt control bit, URXISELx.

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software.

5. Read RXxREG.

The act of reading the RXxREG character will move the
next character to the top of the receive FIFO, including
a new set of PERR and FERR values.

15.6 Built-in IrDA Encoder and Decoder

The UART has full implementation of the IrDA encoder
and decoder as part of the UART module. The built-in
IrDA encoder and decoder functionality is enabled
using the IREN bit U1MODE<12>. When enabled
(IREN = 1), the receive pin (U1RX) acts as the input
from the infrared receiver. The transmit pin (U1TX) acts
as the output to the infrared transmitter.

15.7 Alternate UART I/O Pins

An alternate set of I/O pins, U1ATX and U1ARX can be
used for communications. The alternate UART pins are
useful when the primary UART pins are shared by other
peripherals. The alternate I/O pins are enabled by set-
ting the ALTIO bit in the UxMODE register. If ALTIO =
1, the U1ATX and U1ARX pins are used by the UART
module, instead of the U1TX and U1RX pins. If ALTIO
= 0, the U1TX and U1RX pins are used by the UART
module.
 2006-2014 Microchip Technology Inc. DS70000178D-page 163
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bit 4 RIDLE: Receiver Idle bit (Read-Only)

1 = Receiver is Idle
0 = Receiver is active

bit 3 PERR: Parity Error Status bit (Read-Only)

1 = Parity error has been detected for the current character (character at the top of the receive FIFO)
0 = Parity error has not been detected

bit 2 FERR: Framing Error Status bit (Read-Only)

1 = Framing error has been detected for the current character (character at the top of the receive
FIFO)

0 = Framing error has not been detected

bit 1 OERR: Receive Buffer Overrun Error Status bit (Read/Clear-Only)

1 = Receive buffer has overflowed
0 = Receive buffer has not overflowed (clearing a previously set OERR bit (1 0 transition) will reset

the receiver buffer and the RSR to the empty state)

bit 0 URXDA: Receive Buffer Data Available bit (Read-Only)

1 = Receive buffer has data, at least one more character can be read
0 = Receive buffer is empty

REGISTER 15-2: U1STA: UART1 STATUS AND CONTROL REGISTER (CONTINUED)
 2006-2014 Microchip Technology Inc. DS70000178D-page 167
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bit 2-0 ADCS<2:0>: A/D Conversion Clock Divider Select bits

If PLL is enabled (assume 15 MHz external clock as clock source):
111 = FADC/18 = 13.3 MHz @ 30 MIPS
110 = FADC/16 = 15.0 MHz @ 30 MIPS
101 = FADC/14 = 17.1 MHz @ 30 MIPS
100 = FADC/12 = 20.0 MHz @ 30 MIPS
011 = FADC/10 = 24.0 MHz @ 30 MIPS
010 = FADC/8 = 30.0 MHz @ 30 MIPS
001 = FADC/6 = Reserved, defaults to 30 MHz @ 30 MIPS
000 = FADC/4 = Reserved, defaults to 30 MHz @ 30 MIPS

If PLL is disabled (assume 15 MHz external clock as clock source):
111 = FADC/18 = 0.83 MHz @ 7.5 MIPS
110 = FADC/16 = 0.93 MHz @ 7.5 MIPS
101 = FADC/14 = 1.07 MHz @ 7.5 MIPS
100 = FADC/12 = 1.25 MHz @ 7.5 MIPS
011 = FADC/10 = 1.5 MHz @ 7.5 MIPS
010 = FADC/8 = 1.87 MHz @ 7.5 MIPS
001 = FADC/6 = 2.5 MHz @ 7.5 MIPS
000 = FADC/4 = 3.75 MHz @ 7.5 MIPS

Note: See Figure 18-2 for ADC clock derivation.

REGISTER 16-1: A/D CONTROL REGISTER (ADCON) (CONTINUED)
DS70000178D-page 172  2006-2014 Microchip Technology Inc.
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18.2.1  ACCIDENTAL WRITE PROTECTION

Because the OSCCON register allows clock switching
and clock scaling, a write to OSCCON is intentionally
made difficult. To write to the OSCCON low byte, this
exact sequence must be executed without any other
instructions in between:

• Byte Write “46h” to OSCCON low

• Byte Write “57h” to OSCCON low 

• Byte Write is allowed for one instruction cycle 
mov.b W0,OSCCON

To write to the OSCCON high byte, this exact
sequence must be executed without any other instruc-
tions in between:

• Byte Write “78h” to OSCCON high

• Byte Write “9Ah” to OSCCON high

• Byte Write is allowed for one instruction cycle 
mov.b W0,OSCCON + 1

18.3 Oscillator Configurations

Figure 18-2 shows the derivation of the system clock
FCY. The PLL in Figure 18-1 outputs a maximum fre-
quency of 480MHz (high-range FRC option for
industrial temperature parts with PLL and TUN<3:0> =
0111 bit settings). This signal is used by the Power
Supply PWM module, and is 32 times the input PLL fre-
quency. 

Assuming the high-range FRC option is selected on an
industrial temperature rated part, the 480 MHz PLL
clock signal is divided by 2, providing a 240 MHz signal,
which drives the ADC Module. The same 480 MHz sig-
nal is also divided by 8 to produce the 60 MHz signal,
which is one of the inputs to the FCY multiplexer. The
other input to this multiplexer is the FOSC input clock
source (either the Primary Oscillator or the FRC)
divided by 2. When the PLL is enabled, FCY = FPLL/16.
When the PLL is disabled, FCY = FOSC/2. 

This method derives the 480 MHz clock: 

• FRC Clock with high-range Option and TUN<3:0> 
= 0111 is = 15 MHz

• PLL enabled

• PWM clock = 15 x 32 = 480 MHz

• FCY = 480 MHz/16 = 30 MHz = 30 MIPS

If the PLL is disabled, 

• FRC Clock (with high-range Option and 
TUN<3:0> = 0111) is = 15MHz

• FCY = 15 MHz/2 = 7.5 MHz = 7.5 MIPS

FIGURE 18-2: SYSTEM CLOCK AND FADC DERIVATION
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ply loading the Reset address into the oscillator fail
trap vector. In this event, the CF (Clock Fail) status bit
(OSCCON<3>) is also set whenever a clock failure is
recognized.

In the event of a clock failure, the WDT is unaffected
and continues to run on the LPRC clock.

If the oscillator has a very slow start-up time coming
out of POR or Sleep, it is possible that the PWRT timer
will expire before the oscillator has started. In such
cases, the FSCM will be activated and the FSCM will
initiate a clock failure trap, and the COSC<2:0> bits
are loaded with FRC oscillator selection. This will
effectively shut off the original oscillator that was trying
to start. 

The user may detect this situation and restart the
oscillator in the clock fail trap, ISR.

Upon a clock failure detection, the FSCM module will
initiate a clock switch to the FRC oscillator as follows:

1. The COSC bits (OSCCON<14:12>) are loaded
with the FRC oscillator selection value

2. CF bit is set (OSCCON<3>)

3. OSWEN control bit (OSCCON<0>) is cleared

For the purpose of clock switching, the clock sources
are sectioned into two groups:

1. Primary

2. Internal FRC

The user can switch between these functional groups,
but cannot switch between options within a group. If the
primary group is selected, then the choice within the
group is always determined by the FNOSC<1:0>
Configuration bits.

The OSCCON register holds the control and status bits
related to clock switching. If Configuration bits
FCKSM<1:0> = 1x, then the clock switching and Fail-
Safe Clock Monitor functions are disabled. This is the
default Configuration bit setting.

If clock switching is disabled, then the FNOSC<1:0>
and POSCMD<1:0> bits directly control the oscillator
selection and the COSC<2:0> bits do not control the
clock selection. However, these bits will reflect the
clock source selection.

18.7 Reset

The dsPIC30F1010/202X differentiates between
various kinds of Reset: 

a) Power-on Reset (POR) 

b) MCLR Reset during normal operation

c) MCLR Reset during Sleep 

d) Watchdog Timer (WDT) Reset (during normal
operation) 

e) RESET Instruction

f) Reset cause by trap lock-up (TRAPR)

g) Reset caused by illegal opcode, or by using an
uninitialized W register as an Address Pointer
(IOPUWR)

Different registers are affected in different ways by var-
ious Reset conditions. Most registers are not affected
by a WDT wake-up, since this is viewed as the resump-
tion of normal operation. Status bits from the RCON
register are set or cleared differently in different Reset
situations, as indicated in Table 18-3. These bits are
used in software to determine the nature of the Reset. 

A block diagram of the on-chip Reset circuit is shown in
Figure 18-7.

A MCLR noise filter is provided in the MCLR Reset
path. The filter detects and ignores small pulses.

Internally generated Resets do not drive MCLR pin low.

Note: The application should not attempt to
switch to a clock frequency lower than 100
KHz when the Fail-Safe Clock Monitor is
enabled. If clock switching is performed,
the device may generate an oscillator fail
trap and switch to the Fast RC oscillator.
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FIGURE 18-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    

18.7.1.1 POR with Long Crystal Start-up Time 
(with FSCM Enabled)

The oscillator start-up circuitry is not linked to the POR
circuitry. Some crystal circuits (especially low
frequency crystals) will have a relatively long start-up
time. Therefore, one or more of the following conditions
is possible after the POR timer and the PWRT have
expired:

• The oscillator circuit has not begun to oscillate.

• The Oscillator Start-up Timer has NOT expired (if 
a crystal oscillator is used).

• The PLL has not achieved a LOCK (if PLL is 
used). 

If the FSCM is enabled and one of the above conditions
is true, then a clock failure trap will occur. The device
will automatically switch to the FRC oscillator and the
user can switch to the desired crystal oscillator in the
trap, ISR.

18.7.1.2 Operating without FSCM and PWRT

If the FSCM is disabled and the Power-up Timer
(PWRT) is also disabled, then the device will exit rap-
idly from Reset on power-up. If the clock source is FRC
or EC, it will be active immediately.

If the FSCM is disabled and the system clock has not
started, the device will be in a frozen state at the Reset
vector until the system clock starts. From the user’s
perspective, the device will appear to be in Reset until
a system clock is available.

FIGURE 18-11: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR 
SLOW VDD POWER-UP)     
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Note: Dedicated supervisory devices, such as
the MCP1XX and MCP8XX, may also be
used as an external Power-on Reset
circuit.

Note 1: External Power-on Reset circuit is
required only if the VDD power-up slope
is too slow. The diode D helps discharge
the capacitor quickly when VDD powers
down.

2: R should be suitably chosen so as to
make sure that the voltage drop across
R does not violate the device’s electrical
specification.

3: R1 should be suitably chosen so as to
limit any current flowing into MCLR from
external capacitor C, in the event of
MCLR/VPP pin breakdown due to Elec-
trostatic Discharge (ESD) or Electrical
Overstress (EOS).
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72 SUB SUB Acc Subtract Accumulators 1 1 OA,OB,OAB,
SA,SB,SAB

SUB f f = f – WREG 1 1 C,DC,N,OV,Z

SUB f,WREG WREG = f – WREG 1 1 C,DC,N,OV,Z

SUB #lit10,Wn Wn = Wn – lit10 1 1 C,DC,N,OV,Z

SUB Wb,Ws,Wd Wd = Wb – Ws 1 1 C,DC,N,OV,Z

SUB Wb,#lit5,Wd Wd = Wb – lit5 1 1 C,DC,N,OV,Z

73 SUBB SUBB f f = f – WREG – (C) 1 1 C,DC,N,OV,Z

SUBB f,WREG WREG = f – WREG – (C) 1 1 C,DC,N,OV,Z

SUBB #lit10,Wn Wn = Wn – lit10 – (C) 1 1 C,DC,N,OV,Z

SUBB Wb,Ws,Wd Wd = Wb – Ws – (C) 1 1 C,DC,N,OV,Z

SUBB Wb,#lit5,Wd Wd = Wb – lit5 – (C) 1 1 C,DC,N,OV,Z

74 SUBR SUBR f f = WREG – f 1 1 C,DC,N,OV,Z

SUBR f,WREG WREG = WREG – f 1 1 C,DC,N,OV,Z

SUBR Wb,Ws,Wd Wd = Ws – Wb 1 1 C,DC,N,OV,Z

SUBR Wb,#lit5,Wd Wd = lit5 – Wb 1 1 C,DC,N,OV,Z

75 SUBBR SUBBR f f = WREG – f – (C) 1 1 C,DC,N,OV,Z

SUBBR f,WREG WREG = WREG – f – (C) 1 1 C,DC,N,OV,Z

SUBBR Wb,Ws,Wd Wd = Ws – Wb – (C) 1 1 C,DC,N,OV,Z

SUBBR Wb,#lit5,Wd Wd = lit5 – Wb – (C) 1 1 C,DC,N,OV,Z

76 SWAP SWAP.b Wn Wn =  nibble swap Wn 1 1 None

SWAP Wn Wn = byte swap Wn 1 1 None

77 TBLRDH TBLRDH Ws,Wd Read Prog<23:16> to Wd<7:0> 1 2 None

78 TBLRDL TBLRDL Ws,Wd Read Prog<15:0> to Wd 1 2 None

79 TBLWTH TBLWTH Ws,Wd Write Ws<7:0> to Prog<23:16> 1 2 None

80 TBLWTL TBLWTL Ws,Wd Write Ws to Prog<15:0> 1 2 None

81 ULNK ULNK Unlink frame pointer 1 1 None

82 XOR XOR f f = f .XOR. WREG 1 1 N,Z

XOR f,WREG WREG = f .XOR. WREG 1 1 N,Z

XOR #lit10,Wn Wd = lit10 .XOR. Wd 1 1 N,Z

XOR Wb,Ws,Wd Wd = Wb .XOR. Ws 1 1 N,Z

XOR Wb,#lit5,Wd Wd = Wb .XOR. lit5 1 1 N,Z

83 ZE ZE Ws,Wnd Wnd = Zero-Extend Ws 1 1 C,Z,N

TABLE 19-2: INSTRUCTION SET OVERVIEW  (CONTINUED)

Base
Instr

#

Assembly
Mnemonic

Assembly Syntax Description
# of 

word
s

# of 
cycles

Status Flags 
Affected
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TABLE 21-5: DC CHARACTERISTICS: OPERATING CURRENT (IDD)  

DC CHARACTERISTICS

Standard Operating Conditions: 3.3V and 5.0V (±10%)
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +125°C for Extended 

Parameter 
No.

Typical(1) Max Units Conditions 

Operating Current (IDD)(2)

DC20a 13 16 mA +25°C

3.3V

FRC 3.2 MIPS, PLL disabled

DC20b 14 16 mA +85°C

DC20c 14 17 mA +125°C

DC20d 22 26 mA +25°C

5VDC20e 22 26 mA +85°C

DC20f 22 27 mA +125°C

DC22a 19 22 mA +25°C

3.3V

FRC, 4.9 MIPS, PLL disabled

DC22b 19 23 mA +85°C

DC22c 19 23 mA +125°C

DC22d 30 36 mA +25°C

5VDC22e 30 37 mA +85°C

DC22f 31 37 mA +125°C

DC23a 27 33 mA +25°C

3.3V

FRC, 7.3 MIPS, PLL disabled

DC23b 28 33 mA +85°C

DC23c 28 34 mA +125°C

DC23d 44 53 mA +25°C

5VDC23e 45 53 mA +85°C

DC23f 45 54 mA +125°C

DC24a 66 79 mA +25°C

3.3V

FRC 13 MIPS, PLL enabled

DC24b 67 80 mA +85°C

DC24c 68 81 mA +125°C

DC24d 108 129 mA +25°C

5VDC24e 109 130 mA +85°C

DC24f 110 131 mA +125°C

DC26a 98 118 mA +25°C
3.3V

FRC 20 MIPS, PLL enabled

DC26b 99 118 mA +85°C

DC26d 159 191 mA +25°C

5VDC26e 160 192 mA +85°C

DC26f 161 193 mA +125°C

DC27d 222 267 mA +25°C
5V FRC, 30 MIPS, PLL enabled

DC27e 223 267 mA +85°C

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

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O 
pin loading and switching rate, oscillator type, internal code execution pattern and temperature also have 
an impact on the current consumption. The test conditions for all IDD measurements are as follows: 
- All I/O pins are configured as Outputs and pulled to VSS. 
- MCLR = VDD, WDT and FSCM are disabled. 
- CPU, SRAM, Program Memory and Data Memory are operational. 
- No peripheral modules are operating.
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21.2 AC Characteristics and Timing Parameters 

The information contained in this section defines dsPIC30F AC characteristics and timing parameters.

TABLE 21-11: TEMPERATURE AND VOLTAGE SPECIFICATIONS – AC  

FIGURE 21-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS 

FIGURE 21-2: EXTERNAL CLOCK TIMING    

AC CHARACTERISTICS

Standard Operating Conditions: 3.3V and 5.0V (±10%)
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +125°C for Extended
Operating voltage VDD range as described in DC Spec Section 21.0. 
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NOTES:
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