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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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dsPIC30F2010
High-Performance, 16-bit Digital Signal Controller
High-Performance Modified RISC CPU:
• Modified Harvard architecture
• C compiler optimized instruction set architecture
• 83 base instructions with flexible addressing 

modes
• 24-bit wide instructions, 16-bit wide data path
• 12 Kbytes on-chip Flash program space
• 512 bytes on-chip data RAM
• 1 Kbyte nonvolatile data EEPROM 
• 16 x 16-bit working register array
• Up to 30 MIPs operation:

- DC to 40 MHz external clock input
- 4 MHz-10 MHz oscillator input with 

PLL active (4x, 8x, 16x)
• 27 interrupt sources
• Three external interrupt sources
• Eight user-selectable priority levels for each interrupt
• Four processor exceptions and software traps

DSP Engine Features:
• Modulo and Bit-Reversed modes
• Two 40-bit wide accumulators with optional 

saturation logic
• 17-bit x 17-bit single-cycle hardware fractional/

integer multiplier
• Single-cycle Multiply-Accumulate (MAC) 

operation
• 40-stage Barrel Shifter
• Dual data fetch

Peripheral Features:
• High current sink/source I/O pins: 25 mA/25 mA
• Three 16-bit timers/counters; optionally pair up 

16-bit timers into 32-bit timer modules
• Four 16-bit capture input functions
• Two 16-bit compare/PWM output functions

- Dual Compare mode available
• 3-wire SPI modules (supports 4 Frame modes)
• I2CTM module supports Multi-Master/Slave mode 

and 7-bit/10-bit addressing
• Addressable UART modules with FIFO buffers

Motor Control PWM Module Features:
• Six PWM output channels

- Complementary or Independent Output 
modes

- Edge and Center-Aligned modes
• Four duty cycle generators 
• Dedicated time base with four modes
• Programmable output polarity
• Dead-time control for Complementary mode
• Manual output control
• Trigger for synchronized A/D conversions

Quadrature Encoder Interface Module 
Features:
• Phase A, Phase B and Index Pulse input
• 16-bit up/down position counter 
• Count direction status
• Position Measurement (x2 and x4) mode
• Programmable digital noise filters on inputs
• Alternate 16-bit Timer/Counter mode
• Interrupt on position counter rollover/underflow 

Analog Features:
• 10-bit Analog-to-Digital Converter (ADC) with:

- 1 Msps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle

• Programmable Brown-out Reset

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). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC Pro-
grammer’s Reference Manual”
(DS70157).
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FIGURE 3-6:  DATA SPACE MEMORY MAP
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3.2.2 DATA SPACES
The X data space is used by all instructions and sup-
ports all addressing modes. There are separate read
and write data buses. The X read data bus is the return
data path for all instructions that view data space as
combined X and Y address space. It is also the X
address space data path for the dual operand read
instructions (MAC class). The X write data bus is the
only write path to data space for all instructions.

The X data space also supports Modulo Addressing for
all instructions, subject to addressing mode restric-
tions. Bit-Reversed addressing is only supported for
writes to X data space.

The Y data space is used in concert with the X data
space by the MAC class of instructions (CLR, ED, EDAC,
MAC, MOVSAC, MPY, MPY.N and MSC) to provide two
concurrent data read paths. No writes occur across the
Y bus. This class of instructions dedicates two W reg-
ister pointers, W10 and W11, to always address Y data
space, independent of X data space, whereas W8 and
W9 always address X data space. Note that during
accumulator write-back, the data address space is con-
sidered a combination of X and Y data spaces, so the
write occurs across the X bus. Consequently, the write
can be to any address in the entire data space.

The Y data space can only be used for the data
prefetch operation associated with the MAC class of
instructions. It also supports Modulo Addressing for
automated circular buffers. Of course, all other instruc-
tions can access the Y data address space through the
X data path, as part of the composite linear space.

The boundary between the X and Y data spaces is
defined as shown in Figure 3-6 and is not user pro-
grammable. Should an EA point to data outside its own
assigned address space, or to a location outside phys-
ical memory, an all-zero word/byte will be returned. For
example, although Y address space is visible by all
non-MAC instructions using any Addressing mode, an
attempt by a MAC instruction to fetch data from that
space, using W8 or W9 (X space pointers), will return
0x0000.

TABLE 3-2: EFFECT OF INVALID 
MEMORY ACCESSES

All effective addresses are 16 bits wide and point to
bytes within the data space. Therefore, the data space
address range is 64 Kbytes or 32K words.

3.2.3 DATA SPACE WIDTH
The core data width is 16 bits. All internal registers are
organized as 16-bit wide words. Data space memory is
organized in byte addressable, 16-bit wide blocks. 

3.2.4 DATA ALIGNMENT
To help maintain backward compatibility with PIC®

MCU devices and improve data space memory usage
efficiency, the dsPIC30F instruction set supports both
word and byte operations. Data is aligned in data mem-
ory and registers as words, but all data space EAs
resolve to bytes. Data byte reads will read the complete
word, which contains the byte, using the LSb of any EA
to determine which byte to select. The selected byte is
placed onto the LSB of the X data path (no byte
accesses are possible from the Y data path as the MAC
class of instruction can only fetch words). That is, data
memory and registers are organized as two parallel
byte wide entities with shared (word) address decode,
but separate write lines. Data byte writes only write to
the corresponding side of the array or register which
matches the byte address. 

As a consequence of this byte accessibility, all effec-
tive address calculations (including those generated
by the DSP operations, which are restricted to word-
sized data) are internally scaled to step through
word-aligned memory. For example, the core would
recognize that Post-Modified Register Indirect
Addressing mode, [Ws ++], will result in a value of
Ws + 1 for byte operations and Ws + 2 for word
operations. 

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word opera-
tions, or translating from 8-bit MCU code. Should a mis-
aligned read or write be attempted, an address error
trap will be generated. If the error occurred on a read,
the instruction underway is completed, whereas if it
occurred on a write, the instruction will be executed but
the write will not occur. In either case, a trap will then
be executed, allowing the system and/or user to exam-
ine the machine state prior to execution of the address
fault.

FIGURE 3-8: DATA ALIGNMENT
Attempted Operation Data Returned
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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 an 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. 
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5.4 Interrupt Sequence
All interrupt event flags are sampled in the beginning of
each instruction cycle by the IFSx registers. A pending
interrupt request (IRQ) is indicated by the flag bit being
equal to a ‘1’ in an IFSx register. The IRQ will cause an
interrupt to occur if the corresponding bit in the interrupt
enable (IECx) register is set. For the remainder of the
instruction cycle, the priorities of all pending interrupt
requests are evaluated. 

If there is a pending IRQ with a priority level greater
than the current processor priority level in the IPL bits,
the processor will be interrupted.

The processor then stacks the current program counter
and the low byte of the processor STATUS register
(SRL), as shown in Figure 5-2. The low byte of the
status register contains the processor priority level at
the time, prior to the beginning of the interrupt cycle.
The processor then loads the priority level for this
interrupt into the STATUS register. This action will
disable all lower priority interrupts until the completion
of the Interrupt Service Routine (ISR).

FIGURE 5-2: INTERRUPT STACK 
FRAME

The RETFIE (Return from Interrupt) instruction will
unstack the program counter and status registers to
return the processor to its state prior to the interrupt
sequence. 

5.5 Alternate Vector Table
In Program Memory, the Interrupt Vector Table (IVT) is
followed by the Alternate Interrupt Vector Table (AIVT),
as shown in Figure 5-1. Access to the Alternate Vector
Table is provided by the ALTIVT bit in the INTCON2
register. If the ALTIVT bit is set, all interrupt and excep-
tion processes will use the alternate vectors instead of
the default vectors. The alternate vectors are organized
in the same manner as the default vectors. The AIVT
supports emulation and debugging efforts by providing
a means to switch between an application and a sup-
port environment, without requiring the interrupt vec-
tors to be reprogrammed. This feature also enables
switching between applications for evaluation of
different software algorithms at run time.

If the AIVT is not required, the program memory allo-
cated to the AIVT may be used for other purposes.
AIVT is not a protected section and may be freely
programmed by the user.

5.6 Fast Context Saving
A context saving option is available using shadow reg-
isters. Shadow registers are provided for the DC, N,
OV, Z and C bits in SR, and the registers W0 through
W3. The shadows are only one level deep. The shadow
registers are accessible using the PUSH.S and POP.S
instructions only. 

When the processor vectors to an interrupt, the
PUSH.S instruction can be used to store the current
value of the aforementioned registers into their
respective shadow registers. 

If an ISR of a certain priority uses the PUSH.S and
POP.S instructions for fast context saving, then a
higher priority ISR should not include the same instruc-
tions. Users must save the key registers in software
during a lower priority interrupt, if the higher priority ISR
uses fast context saving.

5.7 External Interrupt Requests
The interrupt controller supports five external interrupt
request signals, INT0-INT4. These inputs are edge
sensitive; they require a low-to-high or a high-to-low
transition to generate an interrupt request. The
INTCON2 register has three bits, INT0EP-INT2EP, that
select the polarity of the edge detection circuitry.

5.8 Wake-up from Sleep and Idle
The interrupt controller may be used to wake up the
processor from either Sleep or Idle modes, if Sleep or
Idle mode is active when the interrupt is generated.

If an enabled interrupt request of sufficient priority is
received by the interrupt controller, then the standard
interrupt request is presented to the processor. At the
same time, the processor will wake-up from Sleep or
Idle and begin execution of the Interrupt Service
Routine needed to process the interrupt request.

Note 1: The user can always lower the priority
level by writing a new value into SR. The
Interrupt Service Routine must clear the
interrupt flag bits in the IFSx register
before lowering the processor interrupt
priority, in order to avoid recursive
interrupts.

2: The IPL3 bit (CORCON<3>) is always
clear when interrupts are being pro-
cessed. It is set only during execution of
traps.
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10.1 Timer Gate Operation
The 32-bit timer can be placed in the Gated Time Accu-
mulation mode. This mode allows the internal TCY to
increment the respective timer when the gate input sig-
nal (T2CK pin) is asserted high. Control bit TGATE
(T2CON<6>) must be set to enable this mode. When in
this mode, Timer2 is the originating clock source. The
TGATE setting is ignored for Timer3. The timer must be
enabled (TON = 1) and the timer clock source set to
internal (TCS = 0).

The falling edge of the external signal terminates the
count operation, but does not reset the timer. The user
must reset the timer in order to start counting from zero.

10.2 ADC Event Trigger
When a match occurs between the 32-bit timer (TMR3/
TMR2) and the 32-bit combined period register (PR3/
PR2), a special ADC trigger event signal is generated
by Timer3. 

10.3 Timer Prescaler
The input clock (FOSC/4 or external clock) to the timer
has a prescale option of 1:1, 1:8, 1:64, and 1:256
selected by control bits TCKPS<1:0> (T2CON<5:4>
and T3CON<5:4>). For the 32-bit timer operation, the
originating clock source is Timer2. The prescaler oper-
ation for Timer3 is not applicable in this mode. The
prescaler counter is cleared when any of the following
occurs: 

• A write to the TMR2/TMR3 register
• Clearing either of the TON (T2CON<15> or 

T3CON<15>) bits to ‘0’
• Device Reset such as POR and BOR

However, if the timer is disabled (TON = 0), then the
Timer 2 prescaler cannot be reset, since the prescaler
clock is halted.

TMR2/TMR3 is not cleared when T2CON/T3CON is
written. 

10.4 Timer Operation During Sleep 
Mode

During CPU Sleep mode, the timer will not operate,
because the internal clocks are disabled.

10.5 Timer Interrupt
The 32-bit timer module can generate an interrupt on
period match, or on the falling edge of the external gate
signal. When the 32-bit timer count matches the
respective 32-bit period register, or the falling edge of
the external “gate” signal is detected, the T3IF bit
(IFS0<7>) is asserted and an interrupt will be gener-
ated if enabled. In this mode, the T3IF interrupt flag is
used as the source of the interrupt. The T3IF bit must
be cleared in software. 

Enabling an interrupt is accomplished via the
respective timer interrupt enable bit, T3IE (IEC0<7>). 
DS70118J-page 64 © 2011 Microchip Technology Inc.
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13.0 QUADRATURE ENCODER 
INTERFACE (QEI) MODULE

This section describes the Quadrature Encoder Inter-
face (QEI) module and associated operational modes.
The QEI module provides the interface to incremental
encoders for obtaining motor positioning data. Incre-
mental encoders are very useful in motor control
applications.

The Quadrature Encoder Interface (QEI) is a key fea-
ture requirement for several motor control applications,
such as Switched Reluctance (SR) and AC Induction
Motor (ACIM). The operational features of the QEI are,
but not limited to:

• Three input channels for two phase signals and 
index pulse

• 16-bit up/down position counter
• Count direction status
• Position Measurement (x2 and x4) mode
• Programmable digital noise filters on inputs
• Alternate 16-bit Timer/Counter mode
• Quadrature Encoder Interface interrupts

These operating modes are determined by setting the
appropriate bits QEIM<2:0> (QEICON<10:8>).
Figure 13-1 depicts the Quadrature Encoder Interface
block diagram.

FIGURE 13-1: QUADRATURE ENCODER INTERFACE BLOCK DIAGRAM 

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).
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TA
Bit 1 Bit 0 Reset State

QE TQCS UPDN_SRC 0000 0000 0000 0000

DF — — 0000 0000 0000 0000

PO 0000 0000 0000 0000

MA 1111 1111 1111 1111

Le
No
BLE 13-1: QEI REGISTER MAP
SFR 

Name Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

ICON 0122 CNTERR — QEISIDL INDX UPDN QEIM2 QEIM1 QEIM0 SWPAB — TQGATE TQCKPS1 TQCKPS0 POSRES

LTCON 0124 — — — — — IMV1 IMV0 CEID QEOUT QECK2 QECK1 QECK0 — —

SCNT 0126  Position Counter<15:0>

XCNT 0128 Maximun Count<15:0>
gend: — = unimplemented bit, read as ‘0’
te: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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14.1 PWM Time Base
The PWM time base is provided by a 15-bit timer with
a prescaler and postscaler. The time base is accessible
via the PTMR SFR. PTMR<15> is a read-only status
bit, PTDIR, that indicates the present count direction of
the PWM time base. If PTDIR is cleared, PTMR is
counting upwards. If PTDIR is set, PTMR is counting
downwards. The PWM time base is configured via the
PTCON SFR. The time base is enabled/disabled by
setting/clearing the PTEN bit in the PTCON SFR.
PTMR is not cleared when the PTEN bit is cleared in
software.

The PTPER SFR sets the counting period for PTMR.
The user must write a 15-bit value to PTPER<14:0>.
When the value in PTMR<14:0> matches the value in
PTPER<14:0>, the time base will either Reset to ‘0’, or
reverse the count direction on the next occurring clock
cycle. The action taken depends on the Operating
mode of the time base.

The PWM time base can be configured for four different
modes of operation:

• Free Running mode
• Single Shot mode
• Continuous Up/Down Count mode
• Continuous Up/Down Count mode with interrupts 

for double updates

These four modes are selected by the PTMOD<1:0>
bits in the PTCON SFR. The Up/Down Counting modes
support center-aligned PWM generation. The Single
Shot mode allows the PWM module to support pulse
control of certain Electronically Commutative Motors
(ECMs).

The interrupt signals generated by the PWM time base
depend on the mode selection bits (PTMOD<1:0>) and
the postscaler bits (PTOPS<3:0>) in the PTCON SFR. 

14.1.1 FREE RUNNING MODE
In the Free Running mode, the PWM time base counts
upwards until the value in the Time Base Period regis-
ter (PTPER) is matched. The PTMR register is reset on
the following input clock edge and the time base will
continue to count upwards as long as the PTEN bit
remains set.

When the PWM time base is in the Free Running mode
(PTMOD<1:0> = 00), an interrupt event is generated
each time a match with the PTPER register occurs and
the PTMR register is Reset to zero. The postscaler
selection bits may be used in this mode of the timer to
reduce the frequency of the interrupt events. 

14.1.2 SINGLE-SHOT MODE
In the Single-Shot Counting mode, the PWM time base
begins counting upwards when the PTEN bit is set.
When the value in the PTMR register matches the
PTPER register, the PTMR register will be reset on the
following input clock edge and the PTEN bit will be
cleared by the hardware to halt the time base.

When the PWM time base is in the Single-Shot mode
(PTMOD<1:0> = 01), an interrupt event is generated
when a match with the PTPER register occurs, the
PTMR register is reset to zero on the following input
clock edge, and the PTEN bit is cleared. The postscaler
selection bits have no effect in this mode of the timer. 

14.1.3 CONTINUOUS UP/DOWN 
COUNTING MODES

In the Continuous Up/Down Counting modes, the PWM
time base counts upwards until the value in the PTPER
register is matched. The timer will begin counting
downwards on the following input clock edge. The
PTDIR bit in the PTCON SFR is read-only and indi-
cates the counting direction The PTDIR bit is set when
the timer counts downwards. 

In the Up/Down Counting mode (PTMOD<1:0> = 10),
an interrupt event is generated each time the value of
the PTMR register becomes zero and the PWM time
base begins to count upwards. The postscaler selec-
tion bits may be used in this mode of the timer to reduce
the frequency of the interrupt events. 

Note: If the period register is set to 0x0000, the
timer will stop counting, and the interrupt
and the special event trigger will not be
generated, even if the special event value
is also 0x0000. The module will not
update the period register if it is already at
0x0000; therefore, the user must disable
the module in order to update the period
register.
© 2011 Microchip Technology Inc. DS70118J-page 83
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17.5.2 FRAMING ERROR (FERR)
The FERR bit (UxSTA<2>) is set if a ‘0’ is detected
instead of a Stop bit. If two Stop bits are selected, both
Stop bits must be ‘1’, otherwise FERR will be set. The
read-only FERR bit is buffered along with the received
data. It is cleared on any Reset.

17.5.3 PARITY ERROR (PERR)
The PERR bit (UxSTA<3>) is set if the parity of the
received word is incorrect. This error bit is applicable
only if a Parity mode (odd or even) is selected. The
read-only PERR bit is buffered along with the received
data bytes. It is cleared on any Reset.

17.5.4 IDLE STATUS
When the receiver is active (i.e., between the initial
detection of the Start bit and the completion of the Stop
bit), the RIDLE bit (UxSTA<4>) is ‘0’. Between the
completion of the Stop bit and detection of the next
Start bit, the RIDLE bit is ‘1’, indicating that the UART
is Idle.

17.5.5 RECEIVE BREAK
The receiver will count and expect a certain number of
bit times based on the values programmed in the
PDSEL (UxMODE<2:1>) and STSEL (UxMODE<0>)
bits. 

If the break is longer than 13 bit times, the reception is
considered complete after the number of bit times
specified by PDSEL and STSEL. The URXDA bit is
set, FERR is set, zeros are loaded into the receive
FIFO, interrupts are generated, if appropriate, and the
RIDLE bit is set.

When the module receives a long break signal and the
receiver has detected the Start bit, the data bits and
the invalid Stop bit (which sets the FERR), the receiver
must wait for a valid Stop bit before looking for the next
Start bit. It cannot assume that the break condition on
the line is the next Start bit.

Break is regarded as a character containing all ‘0’s,
with the FERR bit set. The break character is loaded
into the buffer. No further reception can occur until a
Stop bit is received. Note that RIDLE goes high when
the Stop bit has not been received yet.

17.6 Address Detect Mode
Setting the ADDEN bit (UxSTA<5>) enables this spe-
cial mode, in which a 9th bit (URX8) value of ‘1’ identi-
fies the received word as an address rather than data.
This mode is only applicable for 9-bit data communica-
tion. The URXISEL control bit does not have any
impact on interrupt generation in this mode, since an
interrupt (if enabled) will be generated every time the
received word has the 9th bit set.

17.7 Loopback Mode
Setting the LPBACK bit enables this special mode in
which the UxTX pin is internally connected to the UxRX
pin. When configured for the Loopback mode, the
UxRX pin is disconnected from the internal UART
receive logic. However, the UxTX pin still functions as
in a normal operation.

To select this mode:

a) Configure UART for desired mode of operation.
b) Set LPBACK = 1 to enable Loopback mode.
c) Enable transmission as defined in Section 17.3

“Transmitting Data”.

17.8 Baud Rate Generator
The UART has a 16-bit Baud Rate Generator to allow
maximum flexibility in baud rate generation. The Baud
Rate Generator register (UxBRG) is readable and
writable. The baud rate is computed as follows:

BRG = 16-bit value held in UxBRG register 
(0 through 65535)

FCY = Instruction Clock Rate (1/TCY)

The Baud Rate is given by Equation 17-1.

EQUATION 17-1: BAUD RATE

Therefore, maximum baud rate possible is 

FCY/16 (if BRG = 0), 

and the minimum baud rate possible is 

FCY/(16 * 65536).

With a full 16-bit Baud Rate Generator, at 30 MIPs
operation, the minimum baud rate achievable is
28.5 bps. 

17.9 Auto Baud Support
To allow the system to determine baud rates of
received characters, the input can be optionally linked
to a selected capture input. To enable this mode, the
user must program the input capture module to detect
the falling and rising edges of the Start bit.

Baud Rate = FCY/(16 * (BRG + 1))
© 2011 Microchip Technology Inc. DS70118J-page 107



dsPIC30F2010

NOTES:
DS70118J-page 110 © 2011 Microchip Technology Inc.



dsPIC30F2010

18.7 A/D Conversion Speeds
The dsPIC30F 10-bit ADC specifications permit a max-
imum 1 Msps sampling rate. Table 18-1 summarizes
the conversion speeds for the dsPIC30F 10-bit ADC
and the required operating conditions.

The configuration guidelines give the required setup
values for the conversion speeds above 500 ksps,
since they require external VREF pins usage and there
are some differences in the configuration procedure.
Configuration details that are not critical to the
conversion speed have been omitted.

Figure 18-2 depicts the recommended circuit for the
conversion rates above 500 ksps.

FIGURE 18-2: ADC VOLTAGE 
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18.7.1 1 Msps CONFIGURATION 

GUIDELINE
The configuration for 1 Msps operation is dependent on
whether a single input pin is to be sampled or whether
multiple pins will be sampled.

18.7.1.1 Single Analog Input
For conversions at 1 Msps for a single analog input, at
least two sample and hold channels must be enabled.
The analog input multiplexer must be configured so
that the same input pin is connected to both sample
and hold channels. The A/D converts the value held on
one S/H channel, while the second S/H channel
acquires a new input sample.

18.7.1.2 Multiple Analog Inputs
The A/D converter can also be used to sample multiple
analog inputs using multiple sample and hold channels.
In this case, the total 1 Msps conversion rate is divided
among the different input signals. For example, four
inputs can be sampled at a rate of 250 ksps for each
signal or two inputs could be sampled at a rate of
500 ksps for each signal. Sequential sampling must be
used in this configuration to allow adequate sampling
time on each input.

18.7.1.3 1 Msps Configuration Items
The following configuration items are required to
achieve a 1 Msps conversion rate.

• Comply with conditions provided in Table 19-2
• Connect external VREF+ and VREF- pins following 

the recommended circuit shown in Figure 18-2
• Set SSRC<2:0> = 111 in the ADCON1 register to 

enable the auto-convert option
• Enable automatic sampling by setting the ASAM 

control bit in the ADCON1 register
• Enable sequential sampling by clearing the 

SIMSAM bit in the ADCON1 register
• Enable at least two sample and hold channels by 

writing the CHPS<1:0> control bits in the 
ADCON2 register

• Write the SMPI<3:0> control bits in the ADCON2 
register for the desired number of conversions 
between interrupts. At a minimum, set 
SMPI<3:0> = 0001 since at least two sample and 
hold channels should be enabled

• Configure the A/D clock period to be: 

by writing to the ADCS<5:0> control bits in the 
ADCON3 register

• Configure the sampling time to be 2 TAD by 
writing: SAMC<4:0> = 00010

• Select at least two channels per analog input pin 
by writing to the ADCHS register

18.7.2 750 ksps CONFIGURATION 
GUIDELINE

The following configuration items are required to
achieve a 750 ksps conversion rate. This configuration
assumes that a single analog input is to be sampled.

• Comply with conditions provided in Table 18-2
• Connect external VREF+ and VREF- pins following 

the recommended circuit shown in Figure 18-2
• Set SSRC<2:0> = 111 in the ADCON1 register to 

enable the auto-convert option
• Enable automatic sampling by setting the ASAM 

control bit in the ADCON1 register
• Enable one sample and hold channel by setting 

CHPS<1:0> = 00 in the ADCON2 register
• Write the SMPI<3:0> control bits in the ADCON2 

register for the desired number of conversions 
between interrupts

• Configure the A/D clock period to be: 

by writing to the ADCS<5:0> control bits in the 
ADCON3 register

• Configure the sampling time to be 2 TAD by 
writing: SAMC<4:0> = 00010

18.7.3 600 ksps CONFIGURATION 
GUIDELINE

The configuration for 600 ksps operation is dependent
on whether a single input pin is to be sampled or
whether multiple pins will be sampled.

18.7.3.1 Single Analog Input
When performing conversions at 600 ksps for a single
analog input, at least two sample and hold channels
must be enabled. The analog input multiplexer must be
configured so that the same input pin is connected to
both sample and hold channels. The A/D converts the
value held on one S/H channel, while the second S/H
channel acquires a new input sample.

18.7.3.2 Multiple Analog Input
The ADC can also be used to sample multiple analog
inputs using multiple sample and hold channels. In this
case, the total 600 ksps conversion rate is divided
among the different input signals. For example, four
inputs can be sampled at a rate of 150 ksps for each
signal or two inputs can be sampled at a rate of 300
ksps for each signal. Sequential sampling must be
used in this configuration to allow adequate sampling
time on each input.

1

12 x 1,000,000
=  83.33 ns

1

(12 + 2) X 750,000
=  95.24 ns
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19.0 SYSTEM INTEGRATION

There are several features intended to maximize sys-
tem reliability, minimize cost through elimination of
external components, provide Power-Saving Operating
modes and offer code protection:

• Oscillator Selection
• Reset

- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Programmable Brown-out Reset (BOR)

• Watchdog Timer (WDT)
• Power-Saving modes (Sleep and Idle)
• Code Protection
• Unit ID Locations
• In-Circuit Serial Programming (ICSP) 

programming capability

dsPIC30F devices have a Watchdog Timer, which is
permanently enabled via the Configuration bits, or can
be software controlled. It runs off its own RC oscillator
for added reliability. There are two timers that offer nec-
essary delays on power-up. One is the Oscillator Start-
up Timer (OST), intended to keep the chip in Reset until
the crystal oscillator is stable. The other is the Power-
up Timer (PWRT), which provides a delay on power-up
only, designed to keep the part in Reset while the
power supply stabilizes. With these two timers on-chip,
most applications need no external Reset circuitry. 

Sleep mode is designed to offer a very low current
Power-down mode. The user can wake-up from Sleep
through external Reset, Watchdog Timer Wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit a wide variety of
applications. In the Idle mode, the clock sources are
still active, but the CPU is shut off. The RC oscillator
option saves system cost, while the LP crystal option
saves power. 

19.1 Oscillator System Overview
The dsPIC30F oscillator system has the following
modules and features:

• Various external and internal oscillator options as 
clock sources

• An on-chip PLL to boost internal operating 
frequency 

• A clock switching mechanism between various 
clock sources

• Programmable clock postscaler for system power 
savings 

• A Fail-Safe Clock Monitor (FSCM) that detects 
clock failure and takes fail-safe measures

• Clock Control Register OSCCON
• Configuration bits for main oscillator selection

Table 19-1 provides a summary of the dsPIC30F
Oscillator Operating modes. A simplified diagram of the
oscillator system is shown in Figure 19-1.

Configuration bits determine the clock source upon
Power-on Reset (POR) and Brown-out Reset (BOR).
Thereafter, the clock source can be changed between
permissible clock sources. The OSCCON register
controls the clock switching and reflects system clock
related status bits.

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). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC Pro-
grammer’s Reference Manual”
(DS70157).
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19.2.3 LP OSCILLATOR CONTROL
Enabling the LP oscillator is controlled with two
elements:

• The current oscillator group bits COSC<1:0>
• The LPOSCEN bit (OSCCON register)

The LP oscillator is ON (even during Sleep mode) if
LPOSCEN = 1. The LP oscillator is the device clock if:

•  COSC<1:0> = 00 (LP selected as main osc.) and
•  LPOSCEN = 1

Keeping the LP oscillator ON at all times allows for a
fast switch to the 32 kHz system clock for lower power
operation. Returning to the faster main oscillator will
still require a start-up time

19.2.4 PHASE-LOCKED LOOP (PLL)
The PLL multiplies the clock that is generated by the
primary oscillator. The PLL is selectable to have either
gains of x4, x8, and x16. Input and output frequency
ranges are summarized in Table 19-3.

TABLE 19-3: PLL FREQUENCY RANGE

The PLL features a lock output which is asserted when
the PLL enters a phase locked state. Should the loop
fall out of lock (e.g., due to noise), the lock signal will be
rescinded. The state of this signal is reflected in the
read-only LOCK bit in the OSCCON register.

19.2.5 FAST RC OSCILLATOR (FRC)
The FRC oscillator is a fast (7.37 MHz ±2% nominal)
internal RC oscillator. This oscillator is intended to
provide reasonable device operating speeds without
the use of an external crystal, ceramic resonator or RC
network.

The dsPIC30F operates from the FRC oscillator when
the current oscillator selection control bits in the
OSCCON register (OSCCON<13:12>) are set to ‘01’.

The four bit field specified by TUN<3:0> (OSCCON
<15:14> and OSCCON<11:10>) allows the user to tune
the internal fast RC oscillator (nominal 7.37MHz). The
user can tune the FRC oscillator within a range of -12%
(or -960 kHz) to +10.5% (or +840 kHz) in steps of
1.50% around the factory calibrated setting, see
Table 19-4.

TABLE 19-4: FRC TUNING

19.2.6 LOW-POWER RC OSCILLATOR 
(LPRC)

The LPRC oscillator is a component of the Watchdog
Timer (WDT) and oscillates at a nominal frequency of
512 kHz. The LPRC oscillator is the clock source for
the Power-up Timer (PWRT) circuit, WDT, and clock
monitor circuits. It may also be used to provide a low
frequency clock source option for applications where
power consumption is critical and timing accuracy is
not required

The LPRC oscillator is always enabled at a Power-on
Reset because it is the clock source for the PWRT.
After the PWRT expires, the LPRC oscillator will remain
on if one of the following is true:

• The Fail-Safe Clock Monitor is enabled
• The WDT is enabled
• The LPRC oscillator is selected as the system 

clock via the COSC<1:0> control bits in the 
OSCCON register

If one of the above conditions is not true, the LPRC will
shut-off after the PWRT expires.

FIN
PLL

Multiplier FOUT

4 MHz-10 MHz x4 16 MHz-40 MHz
4 MHz-10 MHz x8 32 MHz-80 MHz
4 MHz-7.5 MHz x16 64 MHz-120 MHz

Note: OSCTUN functionality has been provided
to help customers compensate for
temperature effects on the FRC frequency
over a wide range of temperatures. The
tuning step size is an approximation and is
neither characterized nor tested.

TUN<3:0>
Bits FRC Frequency

0111 + 10.5%
0110 + 9.0%
0101 + 7.5%
0100 + 6.0%
0011 + 4.5%
0010 + 3.0%
0001 + 1.5%
0000 Center Frequency (oscillator is

running at calibrated frequency)
1111 - 1.5%
1110 - 3.0%
1101 - 4.5%
1100 - 6.0%
1011 - 7.5%
1010 - 9.0%
1001 - 10.5%
1000 - 12.0%

Note 1: OSC2 pin function is determined by the
Primary Oscillator mode selection
(FPR<3:0>).

2: OSC1 pin cannot be used as an I/O pin
even if the secondary oscillator or an
internal clock source is selected at all
times.
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TA

TA

S Bit 0 Reset State

RC POR Depends on type of Reset

OS EN OSWEN Depends on Configuration bits
Le
No

 4 Bit 3 Bit 2 Bit 1 Bit 0

FO FPR<3:0>

FW > FWPSB<3:0>

FB — — FPWRT<1:0>

FB Reserved(2)

FS Reserved(2)

FG — Reserved(2) GCP GWRP

FI — — ICS<1:0>

Le
No
BLE 19-7: SYSTEM INTEGRATION REGISTER MAP(1)

BLE 19-8: DEVICE CONFIGURATION REGISTER MAP(1) 

FR Name Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

ON 0740 TRAPR IOPUWR BGST — — — — — EXTR SWR SWDTEN WDTO SLEEP IDLE BOR

CCON 0742 TUN3 TUN2 COSC<1:0> TUN1 TUN0 NOSC<1:0> POST<1:0> LOCK — CF — LPOSC
gend: — = unimplemented bit
te 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

Name Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit

SC F80000 FCKSM<1:0> — — — — FOS<1:0> — — — —

DT F80002 FWDTEN — — — — — — — — — FWPSA<1:0

ORPOR F80004 MCLREN — — — — PWMPIN HPOL LPOL BOREN — BORV<1:0>

S F80006 — — Reserved(2) — — — Reserved(2) — — — —

S F80008 — — Reserved(2) — — Reserved(2) — — — —

S F8000A — — — — — — — — — — — —

CD F8000C BKBUG COE — — — — — — — — — —

gend: — = unimplemented bit
te 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

2: Reserved bits read as ‘1’ and must be programmed as ‘1’.



dsPIC30F2010
22.0 ELECTRICAL CHARACTERISTICS
This section provides an overview of dsPIC30F electrical characteristics. Additional information will be provided in future
revisions of this document as it becomes available. 

For detailed information about the dsPIC30F architecture and core, refer to “dsPIC30F Family Reference Manual”
(DS70046).

Absolute maximum ratings for the dsPIC30F family are listed below. Exposure to these maximum rating conditions for
extended periods may affect device reliability. Functional operation of the device at these or any other conditions above
the parameters indicated in the operation listings of this specification is not implied.

Absolute Maximum Ratings(†) 
Ambient temperature under bias............................................................................................................ .-40°C to +125°C
Storage temperature ..............................................................................................................................  -65°C to +150°C
Voltage on any pin with respect to VSS (except VDD and MCLR) ................................................... -0.3V to (VDD + 0.3V)
Voltage on VDD with respect to VSS .........................................................................................................  -0.3V to +5.5V
Voltage on MCLR with respect to VSS (Note 1) ......................................................................................... 0V to +13.25V
Total power dissipation (Note 2) ...............................................................................................................................1.0W
Maximum current out of VSS pin ...........................................................................................................................300 mA
Maximum current into VDD pin ..............................................................................................................................250 mA
Input clamp current, IIK (VI < 0 or VI > VDD) ..........................................................................................................±20 mA
Output clamp current, IOK (VO < 0 or VO > VDD) ...................................................................................................±20 mA
Maximum output current sunk by any I/O pin..........................................................................................................25 mA
Maximum output current sourced by any I/O pin ....................................................................................................25 mA
Maximum current sunk by all ports .......................................................................................................................200 mA
Maximum current sourced by all ports ..................................................................................................................200 mA

Note 1: Voltage spikes below VSS at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Ω should be used when applying a “low” level to the MCLR/VPP pin, rather
than pulling this pin directly to VSS.

2: Maximum allowable current is a function of device maximum power dissipation. See Table 22-4.

    
†NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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TABLE 22-36: I2C™ BUS DATA TIMING REQUIREMENTS (MASTER MODE)   

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 Min(1) Max Units Conditions

IM10 TLO:SCL Clock Low Time 100 kHz mode TCY/2 (BRG + 1) — µs —
400 kHz mode TCY/2 (BRG + 1) — µs —
1 MHz mode(2) TCY/2 (BRG + 1) — µs —

IM11 THI:SCL Clock High Time 100 kHz mode TCY/2 (BRG + 1) — µs —
400 kHz mode TCY/2 (BRG + 1) — µs —
1 MHz mode(2) TCY/2 (BRG + 1) — µs —

IM20 TF:SCL SDA and SCL
Fall Time

100 kHz mode — 300 ns CB is specified to be 
from 10 to 400 pF400 kHz mode 20 + 0.1 CB 300 ns

1 MHz mode(2) — 100 ns
IM21 TR:SCL SDA and SCL

Rise Time
100 kHz mode — 1000 ns CB is specified to be 

from 10 to 400 pF400 kHz mode 20 + 0.1 CB 300 ns
1 MHz mode(2) — 300 ns

IM25 TSU:DAT Data Input
Setup Time

100 kHz mode 250 — ns
—400 kHz mode 100 — ns

1 MHz mode(2) — — ns
IM26 THD:DAT Data Input

Hold Time
100 kHz mode 0 — ns

—400 kHz mode 0 0.9 µs
1 MHz mode(2) — — ns

IM30 TSU:STA Start Condition
Setup Time

100 kHz mode TCY/2 (BRG + 1) — µs Only relevant for 
repeated Start
condition

400 kHz mode TCY/2 (BRG + 1) — µs
1 MHz mode(2) TCY/2 (BRG + 1) — µs

IM31 THD:STA Start Condition 
Hold Time 

100 kHz mode TCY/2 (BRG + 1) — µs After this period the
first clock pulse is
generated

400 kHz mode TCY/2 (BRG + 1) — µs
1 MHz mode(2) TCY/2 (BRG + 1) — µs

IM33 TSU:STO Stop Condition 
Setup Time

100 kHz mode TCY/2 (BRG + 1) — µs
—400 kHz mode TCY/2 (BRG + 1) — µs

1 MHz mode(2) TCY/2 (BRG + 1) — µs
IM34 THD:STO Stop Condition 100 kHz mode TCY/2 (BRG + 1) — ns

—Hold Time 400 kHz mode TCY/2 (BRG + 1) — ns
1 MHz mode(2) TCY/2 (BRG + 1) — ns

IM40 TAA:SCL Output Valid 
From Clock

100 kHz mode — 3500 ns —
400 kHz mode — 1000 ns —
1 MHz mode(2) — — ns —

IM45 TBF:SDA Bus Free Time 100 kHz mode 4.7 — µs Time the bus must be 
free before a new
transmission can start

400 kHz mode 1.3 — µs
1 MHz mode(2) — — µs

IM50 CB Bus Capacitive Loading —  400 pF —
Note 1: BRG is the value of the I2C™ Baud Rate Generator. Refer to Section 21. “Inter-Integrated Circuit™ 

(I2C)” (DS70068) in the “dsPIC30F Family Reference Manual” (DS70046).
2: Maximum pin capacitance = 10 pF for all I2C pins (for 1 MHz mode only).
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FIGURE 22-22: I2C™ BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)     

FIGURE 22-23: I2C™ BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)   
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Korea - Seoul
Tel: 82-2-554-7200
Fax: 82-2-558-5932 or 
82-2-558-5934
Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859
Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore
Tel: 65-6334-8870
Fax: 65-6334-8850
Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Fax: 886-7-330-9305
Taiwan - Taipei
Tel: 886-2-2500-6610 
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829
France - Paris
Tel: 33-1-69-53-63-20 
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44
Italy - Milan 
Tel: 39-0331-742611 
Fax: 39-0331-466781
Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340
Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

Worldwide Sales and Service
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