
Microchip Technology - DSPIC30F4012-20E/SP Datasheet

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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Table 1-2 provides a brief description of the device I/O
pinout and the functions that are multiplexed to a port
pin. Multiple functions may exist on one port pin. When
multiplexing occurs, the peripheral module’s functional
requirements may force an override of the data
direction of the port pin.

TABLE 1-2: dsPIC30F4012 I/O PIN DESCRIPTIONS

Pin Name Pin 
Type

Buffer 
Type Description

AN0-AN5 I Analog Analog input channels. AN0 and AN1 are also used for device programming 
data and clock inputs, respectively.

AVDD P P Positive supply for analog module. This pin must be connected at all times.
AVSS P P Ground reference for analog module. This pin must be connected at all times.
CLKI
CLKO

I
O

ST/CMOS
—

External clock source input. Always associated with OSC1 pin function.
Oscillator crystal output. Connects to crystal or resonator in Crystal 
Oscillator mode. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.

CN0-CN7 I ST Input change notification inputs. Can be software programmed for internal 
weak pull-ups on all inputs.

C1RX
C1TX

I
O

ST
—

CAN1 bus receive pin.
CAN1 bus transmit pin.

EMUD
EMUC
EMUD1
EMUC1
EMUD2
EMUC2
EMUD3
EMUC3

I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O

ST
ST
ST
ST
ST
ST
ST
ST

ICD Primary Communication Channel data input/output pin.
ICD Primary Communication Channel clock input/output pin.
ICD Secondary Communication Channel data input/output pin.
ICD Secondary Communication Channel clock input/output pin.
ICD Tertiary Communication Channel data input/output pin.
ICD Tertiary Communication Channel clock input/output pin.
ICD Quaternary Communication Channel data input/output pin.
ICD Quaternary Communication Channel clock input/output pin.

IC1, IC2, IC7, 
IC8

I ST Capture inputs 1, 2, 7 and 8.

INDX
QEA

QEB

I
I

I

ST
ST

ST

Quadrature Encoder Index Pulse input.
Quadrature Encoder Phase A input in QEI mode. 
Auxiliary Timer External Clock/Gate input in Timer mode.
Quadrature Encoder Phase B input in QEI mode. 
Auxiliary Timer External Clock/Gate input in Timer mode.

INT0
INT1
INT2

I
I
I

ST
ST
ST

External interrupt 0.
External interrupt 1.
External interrupt 2.

FLTA
PWM1L
PWM1H
PWM2L
PWM2H
PWM3L
PWM3H

I
O
O
O
O
O
O

ST
—
—
—
—
—
—

PWM Fault A input.
PWM1 low output. 
PWM1 high output.
PWM2 low output.
PWM2 high output.
PWM3 low output.
PWM3 high output.

MCLR I/P ST Master Clear (Reset) input or programming voltage input. This pin is an 
active-low Reset to the device.

OCFA
OC1, OC2

I
O

ST
—

Compare Fault A input (for Compare channels 1, 2, 3 and 4).
Compare outputs 1 and 2.

Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels O = Output 
I = Input P = Power
DS70135G-page 14 © 2010 Microchip Technology Inc.



dsPIC30F4011/4012

2.4.1 MULTIPLIER
The 17x17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the mul-
tiplier input value. The output of the 17x17-bit multiplier/
scaler is a 33-bit value, which is sign-extended to
40 bits. Integer data is inherently represented as a
signed two’s complement value, where the MSB is
defined as a sign bit. Generally speaking, the range of
an N-bit two’s complement integer is -2N-1 to 2N-1 – 1.
For a 16-bit integer, the data range is -32768 (0x8000)
to 32767 (0x7FFF), including 0. For a 32-bit integer, the
data range is -2,147,483,648 (0x8000 0000) to
2,147,483,645 (0x7FFF FFFF).

When the multiplier is configured for fractional multipli-
cation, the data is represented as a two’s complement
fraction, where the MSB is defined as a sign bit and the
radix point is implied to lie just after the sign bit
(QX format). The range of an N-bit two’s complement
fraction with this implied radix point is -1.0 to (1-21-N).
For a 16-bit fraction, the Q15 data range is -1.0
(0x8000) to 0.999969482 (0x7FFF), including 0, and
has a precision of 3.01518x10-5. In Fractional mode, a
16x16 multiply operation generates a 1.31 product,
which has a precision of 4.65661x10-10.

The same multiplier is used to support the DSC multiply
instructions, which include integer 16-bit signed,
unsigned and mixed sign multiplies.

The MUL instruction may be directed to use byte or
word-sized operands. Byte operands direct a 16-bit
result, and word operands direct a 32-bit result to the
specified register(s) in the W array. 

2.4.2 DATA ACCUMULATORS AND 
ADDER/SUBTRACTER

The data accumulator consists of a 40-bit adder/
subtracter with automatic sign extension logic. It
can select one of two accumulators (A or B) as its
pre-accumulation source and post-accumulation desti-
nation. For the ADD and LAC instructions, the data to be
accumulated or loaded can be optionally scaled via the
barrel shifter, prior to accumulation. 

2.4.2.1 Adder/Subtracter, Overflow and 
Saturation

The adder/subtracter is a 40-bit adder with an optional
zero input into one side and either true or complement
data into the other input. In the case of addition, the
carry/borrow input is active-high and the other input is
true data (not complemented), whereas in the case of
subtraction, the carry/borrow input is active-low and the
other input is complemented. The adder/subtracter
generates Overflow Status bits, SA/SB and OA/OB,
which are latched and reflected in the STATUS register.

• Overflow from bit 39: this is a catastrophic 
overflow in which the sign of the accumulator is 
destroyed.

• Overflow into guard bits 32 through 39: this is a 
recoverable overflow. This bit is set whenever all 
the guard bits are not identical to each other.

The adder has an additional saturation block which
controls accumulator data saturation, if selected. It
uses the result of the adder, the Overflow Status bits
described above, and the SATA/B (CORCON<7:6>)
and ACCSAT (CORCON<4>) mode control bits to
determine when and to what value to saturate.

Six STATUS register bits have been provided to
support saturation and overflow; they are:

1. OA: ACCA overflowed into guard bits. 
2. OB: ACCB overflowed into guard bits.
3. SA: ACCA saturated (bit 31 overflow and

saturation).
or
ACCA overflowed into guard bits and saturated
(bit 39 overflow and saturation).

4. SB: ACCB saturated (bit 31 overflow and
saturation).
or
ACCB overflowed into guard bits and saturated
(bit 39 overflow and saturation).

5. OAB: Logical OR of OA and OB.
6. SAB: Logical OR of SA and SB.

The OA and OB bits are modified each time data
passes through the adder/subtracter. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
Also, the OA and OB bits can optionally generate an
arithmetic warning trap when set and the
corresponding Overflow Trap Flag Enable bit (OVATE,
OVBTE) in the INTCON1 register (refer to Section 5.0
“Interrupts”) is set. This allows the user to take
immediate action, for example, to correct system gain. 
DS70135G-page 22 © 2010 Microchip Technology Inc.
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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 inter-
rupt 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 Interrupt 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 Inter-
rupt Vector Table is provided by the ALTIVT bit in the
INTCON2 register. If the ALTIVT bit is set, all interrupt
and exception 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 support environment, without requiring the inter-
rupt vectors 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
allocated 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 three external inter-
rupt request signals, INT0-INT2. 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 modes are 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 ISR  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.

<Free Word>

015

W15 (before CALL)

W15 (after CALL)

St
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dd
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ss

PUSH: [W15++]
POP : [--W15]

0x0000

PC<15:0>
SRL  IPL3  PC<22:16>
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TA
F 1 Bit 0 All Resets

NV 0000 0000 0000 0000

NV uuuu uuuu uuuu uuuu

NV 0000 0000 uuuu uuuu

NV 0000 0000 0000 0000

Le
No
BLE 6-1: NVM REGISTER MAP(1)

ile 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 

MCON 0760 WR WREN WRERR — — — — TWRI — PROGOP<6:0>

MADR 0762 NVMADR<15:0>

MADRU 0764 — — — — — — — — — NVMADR<22:16>

MKEY 0766 — — — — — — — — KEY<7:0>

gend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
te 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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FIGURE 11-2: 16-BIT TIMER4 BLOCK DIAGRAM

FIGURE 11-3: 16-BIT TIMER5 BLOCK DIAGRAM

TON 

Sync

PR4

T4IF
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Comparator x 16

 TMR4
Reset

Event Flag

Q

Q D

CK

TGATE

TCKPS<1:0>

Prescaler
 1, 8, 64, 256

2

TGATE

TCY

1

0

TC
S

1 x

0 1

TG
AT

E

0 0

Gate
Sync

T4CK(1)

Note 1: T4CK is not implemented and this line is tied to VSS.

         
TON 

PR5

T5IF

Equal
Comparator x 16
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Reset
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Q

Q D

CK
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 1, 8, 64, 256

2
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ADC Event Trigger

Sync

Note: The dsPIC30F4011/4012 devices do not have an external pin input to Timer5. In these devices, the
following modes should not be used:
1. TCS = 1.
2. TCS = 0 and TGATE = 1 (gated time accumulation).
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12.0 INPUT CAPTURE MODULE

This section describes the input capture module and
associated operational modes. The features provided by
this module are useful in applications requiring
frequency (period) and pulse measurement. Figure 12-1
depicts a block diagram of the input capture module.
Input capture is useful for such modes as:

• Frequency/Period/Pulse Measurements
• Additional Sources of External Interrupts

The key operational features of the input capture
module are:

• Simple Capture Event mode
• Timer2 and Timer3 mode selection
• Interrupt on input capture event

These operating modes are determined by setting the
appropriate bits in the ICxCON register (where x = 1, 2,
...N). The dsPIC30F4011/4012 devices have four
capture channels.

FIGURE 12-1: INPUT CAPTURE MODE 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). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC
Reference Manual” (DS70157).

Note: The dsPIC30F4011/4012 devices have
four capture inputs: IC1, IC2, IC7 and IC8.
The naming of these four capture chan-
nels is intentional and preserves software
compatibility with other dsPIC Digital
Signal Controllers.

ICxBUF 

 Prescaler

ICx

ICM<2:0>
Mode Select

3

Note: Where ‘x’ is shown, reference is made to the registers or bits associated to the respective input capture
channels 1 through N.

1 0

Set Flag

Pin

 ICxIF

ICTMR

T2_CNT T3_CNT

Edge
Detection

Logic

Clock
Synchronizer1, 4, 16

From Timer Module

16 16

FIFO
R/W
Logic

ICI<1:0>

ICBNE, ICOV

ICxCON
Interrupt

Logic

Set Flag
 ICxIF

Data Bus
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15.1 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 Continuous Up/Down
Count modes support center-aligned PWM generation.
The Single-Shot mode allows the PWM module to sup-
port 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. 

15.1.1 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. 

15.1.2 SINGLE-SHOT MODE
In the Single-Shot mode, the PWM time base begins
counting upwards when the PTEN bit is set. When the
value in the PTMR register matches the PTPER regis-
ter, 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. 

15.1.3 CONTINUOUS UP/DOWN COUNT 
MODES

In the Continuous Up/Down Count 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 PTMR SFR is read-only and indicates
the counting direction. The PTDIR bit is set when the
timer counts downwards. 

In the Continuous Up/Down Count 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 selection 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 special event trigger will not be gener-
ated 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.
© 2010 Microchip Technology Inc. DS70135G-page 99
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15.3 Edge-Aligned PWM 
Edge-aligned PWM signals are produced by the module
when the PWM time base is in the Free-Running or
Single-Shot mode. For edge-aligned PWM outputs, the
output has a period specified by the value in PTPER
and a duty cycle specified by the appropriate duty cycle
register (see Figure 15-2). The PWM output is driven
active at the beginning of the period (PTMR = 0) and is
driven inactive when the value in the duty cycle register
matches PTMR. 

If the value in a particular duty cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is greater
than the value held in the PTPER register.

FIGURE 15-2: EDGE-ALIGNED PWM

15.4 Center-Aligned PWM
Center-aligned PWM signals are produced by the
module when the PWM time base is configured in a
Continuous Up/Down Count mode (see Figure 15-3). 

The PWM compare output is driven to the active state
when the value of the duty cycle register matches the
value of PTMR and the PWM time base is counting
downwards (PTDIR = 1). The PWM compare output is
driven to the inactive state when the PWM time base is
counting upwards (PTDIR = 0) and the value in the
PTMR register matches the duty cycle value. 

If the value in a particular duty cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is equal to
the value held in the PTPER register. 

FIGURE 15-3: CENTER-ALIGNED PWM
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19.4.6.3 Receive Error Interrupts
A receive error interrupt will be indicated by the ERRIF
bit. This bit shows that an error condition occurred. The
source of the error can be determined by checking the
bits in the CAN Interrupt Status register, C1INTF. 

• Invalid message received.
• If any type of error occurred during reception of 

the last message, an error will be indicated by the 
IVRIF bit.

• Receiver overrun.
• The RXxOVR bit indicates that an overrun 

condition occurred.
• Receiver warning.
• The RXWAR bit indicates that the Receive Error 

Counter (RERRCNT<7:0>) has reached the 
warning limit of 96.

• Receiver error passive.
• The RXEP bit indicates that the Receive Error 

Counter has exceeded the error passive limit 
of 127 and the module has gone into error passive 
state.

19.5 Message Transmission

19.5.1 TRANSMIT BUFFERS
The CAN module has three transmit buffers. Each of
the three buffers occupies 14 bytes of data. Eight of the
bytes are the maximum 8 bytes of the transmitted mes-
sage. Five bytes hold the standard and extended
identifiers and other message arbitration information. 

19.5.2 TRANSMIT MESSAGE PRIORITY
Transmit priority is a prioritization within each node of the
pending transmittable messages. There are 4 levels of
transmit priority. If TXPRI<1:0> (C1TXxCON<1:0>, where
x = 0, 1 or 2, represents a particular transmit buffer) for a
particular message buffer is set to ‘11’, that buffer has the
highest priority. If TXPRI<1:0> for a particular message
buffer is set to ‘10’ or ‘01’, that buffer has an intermediate
priority. If TXPRI<1:0> for a particular message buffer is
‘00’, that buffer has the lowest priority.

19.5.3 TRANSMISSION SEQUENCE
To initiate transmission of the message, the TXREQ bit
(C1TXxCON<3>) must be set. The CAN bus module
resolves any timing conflicts between setting of the
TXREQ bit and the Start-of-Frame (SOF), ensuring
that if the priority was changed, it is resolved correctly
before the SOF occurs. When TXREQ is set, the
TXABT (C1TXxCON<6>), TXLARB (C1TXxCON<5>)
and TXERR (C1TXxCON<4>) flag bits are
automatically cleared.

Setting TXREQ bit simply flags a message buffer as
enqueued for transmission. When the module detects
an available bus, it begins transmitting the message
which has been determined to have the highest priority.

If the transmission completes successfully on the first
attempt, the TXREQ bit is cleared automatically and an
interrupt is generated if TXxIE was set.

If the message transmission fails, one of the error
condition flags will be set and the TXREQ bit will
remain set, indicating that the message is still pending
for transmission. If the message encountered an error
condition during the transmission attempt, the TXERR
bit will be set and the error condition may cause an
interrupt. If the message loses arbitration during the
transmission attempt, the TXLARB bit is set. No
interrupt is generated to signal the loss of arbitration.

19.5.4 ABORTING MESSAGE 
TRANSMISSION

The system can also abort a message by clearing the
TXREQ bit associated with each message buffer. Set-
ting the ABAT bit (C1CTRL<12>) will request an abort
of all pending messages. If the message has not yet
started transmission, or if the message started but is
interrupted by loss of arbitration or an error, the abort
will be processed. The abort is indicated when the
module sets the TXABT bit, and the TXxIF flag is not
automatically set.

19.5.5 TRANSMISSION ERRORS
The CAN module will detect the following transmission
errors:

• Acknowledge Error
• Form Error
• Bit Error

These transmission errors will not necessarily generate
an interrupt but are indicated by the transmission error
counter. However, each of these errors will cause the
transmission error counter to be incremented by one.
Once the value of the error counter exceeds the value
of 96, the ERRIF (C1INTF<5>) and the TXWAR bit
(C1INTF<10>) are set. Once the value of the error
counter exceeds the value of 96, an interrupt is
generated and the TXWAR bit in the error flag register
is set.
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NOTES:
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TABLE 21-1: OSCILLATOR OPERATING MODES

Oscillator Mode Description

XTL 200 kHz-4 MHz crystal on OSC1:OSC2
XT 4 MHz-10 MHz crystal on OSC1:OSC2
XT w/PLL 4x 4 MHz-10 MHz crystal on OSC1:OSC2, 4x PLL enabled
XT w/PLL 8x 4 MHz-10 MHz crystal on OSC1:OSC2, 8x PLL enabled
XT w/PLL 16x 4 MHz-10 MHz crystal on OSC1:OSC2, 16x PLL enabled(1)

LP 32 kHz crystal on SOSCO:SOSCI(2)

HS 10 MHz-25 MHz crystal
EC External clock input (0-40 MHz)
ECIO External clock input (0-40 MHz), OSC2 pin is I/O
EC w/PLL 4x External clock input (0-40 MHz), OSC2 pin is I/O, 4x PLL enabled(1)

EC w/PLL 8x External clock input (0-40 MHz), OSC2 pin is I/O, 8x PLL enabled(1)

EC w/PLL 16x External clock input (0-40 MHz), OSC2 pin is I/O, 16x PLL enabled(1)

ERC External RC oscillator, OSC2 pin is FOSC/4 output(3)

ERCIO External RC oscillator, OSC2 pin is I/O(3)

FRC 8 MHz internal RC oscillator
FRC w/PLL 4x 7.37 MHz Internal RC oscillator, 4x PLL enabled
FRC w/PLL 8x 7.37 MHz Internal RC oscillator, 8x PLL enabled
FRC w/PLL 16x 7.37 MHz Internal RC oscillator, 16x PLL enabled
LPRC 512 kHz internal RC oscillator
Note 1: The dsPIC30F maximum operating frequency of 120 MHz must be met.

2: LP oscillator can be conveniently shared as a system clock, as well as a Real-Time Clock for Timer1.
3: Requires external R and C. Frequency operation up to 4 MHz.
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24.2 AC Characteristics and Timing Parameters 
The information contained in this section defines dsPIC30F AC characteristics and timing parameters.

TABLE 24-12: TEMPERATURE AND VOLTAGE SPECIFICATIONS – AC  

FIGURE 24-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS 

FIGURE 24-3: EXTERNAL CLOCK TIMING    

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
Operating voltage VDD range as described in Section 24.1 “DC 
Characteristics”. 

VDD/2

CL

RL

Pin

Pin

VSS

VSS

CL

RL = 464Ω
CL = 50 pF for all pins except OSC2

5 pF for OSC2 output

Load Condition 1 – for all pins except OSC2 Load Condition 2 – for OSC2

OSC1

CLKO

Q4 Q1 Q2 Q3 Q4 Q1

OS20
OS30 OS30

OS40 OS41

OS31 OS31
OS25
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FIGURE 24-4: CLKO AND I/O TIMING CHARACTERISTICS   

 

Note: Refer to the Figure 24-2 for load.

I/O Pin
(Input)

I/O Pin
(Output)

DI35

Old Value New Value

DI40

DO31
DO32

TABLE 24-19: CLKO AND I/O 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(1,2,3) Min Typ(4) Max Units Conditions

DO31 TIOR Port Output Rise Time — 7 20 ns
DO32 TIOF Port Output Fall Time — 7 20 ns
DI35 TINP INTx Pin High or Low Time (output) 20 — — ns
DI40 TRBP CNx High or Low Time (input) 2 TCY — — ns
Note 1: These parameters are asynchronous events not related to any internal clock edges

2: Measurements are taken in RC mode and EC mode where CLKO output is 4 x TOSC.
3: These parameters are characterized but not tested in manufacturing.
4: Data in “Typ” column is at 5V, 25°C unless otherwise stated.
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FIGURE 24-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 

TIMER TIMING CHARACTERISTICS       

VDD

MCLR

Internal
POR

PWRT
Time-out

Oscillator
Time-out

Internal
Reset

Watchdog
Timer
Reset

SY11

SY10

SY20
SY13

I/O Pins

SY13

Note: Refer to the Figure 24-2 for load conditions.

FSCM 
Delay

SY35 

SY30

SY12
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FIGURE 24-9: INPUT CAPTURE TIMING CHARACTERISTICS     

      

ICX

IC10 IC11

IC15

Note: Refer to Figure 24-2 for load conditions.

TABLE 24-26: INPUT CAPTURE 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 Max Units Conditions

IC10 TccL ICx Input Low Time No prescaler 0.5 TCY + 20 — ns
With prescaler 10 — ns

IC11 TccH ICx Input High Time No prescaler 0.5 TCY + 20 — ns
With prescaler 10 — ns

IC15 TccP ICx Input Period (2 TCY + 40)/N — ns N = prescale 
value (1, 4, 16)

Note 1: These parameters are characterized but not tested in manufacturing.
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TABLE 24-40: 10-BIT HIGH-SPEED A/D CONVERSION 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 Min. Typ Max. Units Conditions

Clock Parameters
AD50 TAD A/D Clock Period — 84 — ns See Table 20-2(1)

AD51 tRC A/D Internal RC Oscillator Period 700 900 1100 ns
Conversion Rate
AD55 tCONV Conversion Time — 12 TAD — —
AD56 FCNV Throughput Rate — 1.0 — Msps See Table 20-2(1)

AD57 TSAMP Sample Time — 1 TAD — — See Table 20-2(1)

Timing Parameters
AD60 tPCS Conversion Start from Sample

Trigger
— 1.0 TAD — —

AD61 tPSS Sample Start from Setting
Sample (SAMP) Bit

0.5 TAD — 1.5 TAD —

AD62 tCSS Conversion Completion to
Sample Start (ASAM = 1)

— 0.5 TAD — —

AD63 tDPU(2) Time to Stabilize Analog Stage 
from A/D Off to A/D On

— — 20 μs

Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity 
performance, especially at elevated temperatures.

2: tDPU is the time required for the ADC module to stabilize when it is turned on (ADCON1<ADON> = 1). Dur-
ing this time the ADC result is indeterminate.
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