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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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Pin Diagrams (Continued) 
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Note 1: The metal plane at the bottom of the device is not connected to any pins and is recommended to be connected to VSS externally.
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FIGURE 1-2: dsPIC30F4012 BLOCK DIAGRAM
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3 Bit 2 Bit 1 Bit 0 Reset State

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 1000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

uuuu uuuu uuuu uuuu

uuuu uuuu uuuu uuuu

0 uuuu uuuu uuuu uuu0

TH 0000 0000 0uuu uuuu

0 uuuu uuuu uuuu uuu0

H 0000 0000 0uuu uuuu

OV Z C 0000 0000 0000 0000

3 PSV RND IF 0000 0000 0010 0000

XWM<3:0> 0000 0000 0000 0000

0 uuuu uuuu uuuu uuu0
TABLE 3-3: CORE REGISTER MAP(1)

SFR Name Address
(Home) 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 

W0 0000 W0/WREG
W1 0002 W1
W2 0004 W2
W3 0006 W3
W4 0008 W4
W5 000A W5
W6 000C W6
W7 000E W7
W8 0010 W8
W9 0012 W9
W10 0014 W10
W11 0016 W11
W12 0018 W12
W13 001A W13
W14 001C W14
W15 001E W15
SPLIM 0020 SPLIM
ACCAL 0022 ACCAL
ACCAH 0024 ACCAH
ACCAU 0026 Sign Extension (ACCA<39>) ACCAU
ACCBL 0028 ACCBL
ACCBH 002A ACCBH
ACCBU 002C Sign Extension (ACCB<39>) ACCBU
PCL 002E PCL
PCH 0030 — — — — — — — — — PCH
TBLPAG 0032 — — — — — — — — TBLPAG
PSVPAG 0034 — — — — — — — — PSVPAG
RCOUNT 0036 RCOUNT
DCOUNT 0038 DCOUNT
DOSTARTL 003A DOSTARTL
DOSTARTH 003C — — — — — — — — — DOSTAR
DOENDL 003E DOENDL
DOENDH 0040 — — — — — — — — — DOEND
SR 0042 OA OB SA SB OAB SAB DA DC IPL2 IPL1 IPL0 RA N
CORCON 0044 — — — US EDT DL2 DL1 DL0 SATA SATB SATDW ACCSAT IPL
MODCON 0046 XMODEN YMODEN — — BWM<3:0> YWM<3:0>
XMODSRT 0048 XS<15:1>
Legend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
Note 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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6.6.3 LOADING WRITE LATCHES
Example 6-2 shows a sequence of instructions that
can be used to load the 96 bytes of write latches.
32 TBLWTL and 32 TBLWTH instructions are needed to
load the write latches selected by the Table Pointer. 

EXAMPLE 6-2: LOADING WRITE LATCHES 

6.6.4 INITIATING THE PROGRAMMING 
SEQUENCE

For protection, the write initiate sequence for NVMKEY
must be used to allow any erase or program operation
to proceed. After the programming command has been
executed, the user must wait for the programming time
until programming is complete. The two instructions
following the start of the programming sequence
should be NOPs.

EXAMPLE 6-3: INITIATING A PROGRAMMING SEQUENCE 

; Set up a pointer to the first program memory location to be written
; program memory selected, and writes enabled

MOV #0x0000,W0 ; 
MOV W0,TBLPAG ; Initialize PM Page Boundary SFR
MOV #0x6000,W0 ; An example program memory address

; Perform the TBLWT instructions to write the latches
; 0th_program_word

MOV #LOW_WORD_0,W2 ; 
MOV #HIGH_BYTE_0,W3 ; 
TBLWTL W2,[W0] ; Write PM low word into program latch
TBLWTH W3,[W0++] ; Write PM high byte into program latch

; 1st_program_word
MOV #LOW_WORD_1,W2 ; 
MOV #HIGH_BYTE_1,W3 ; 
TBLWTL W2,[W0] ; Write PM low word into program latch
TBLWTH W3,[W0++] ; Write PM high byte into program latch

;  2nd_program_word
MOV #LOW_WORD_2,W2 ; 
MOV #HIGH_BYTE_2,W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch
•
•
•

; 31st_program_word
MOV #LOW_WORD_31,W2 ; 
MOV #HIGH_BYTE_31,W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch

Note: In Example 6-2, the contents of the upper byte of W3 have no effect.

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

MOV #0x55,W0
MOV W0,NVMKEY ; Write the 0x55 key 
MOV   #0xAA,W1             ;
MOV W1,NVMKEY  ; Write the 0xAA key
BSET NVMCON,#WR ; Start the erase sequence 
NOP ; Insert two NOPs after the erase
NOP ; command is asserted
DS70135G-page 52 © 2010 Microchip Technology Inc.
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TA
SF Bit 1 Bit 0 Reset State

TM uuuu uuuu uuuu uuuu

TM uuuu uuuu uuuu uuuu

TM uuuu uuuu uuuu uuuu

PR 1111 1111 1111 1111

PR 1111 1111 1111 1111

T2 TCS — 0000 0000 0000 0000

T3 TCS — 0000 0000 0000 0000

Le
No
BLE 10-1: TIMER2/3 REGISTER MAP(1)

R 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

R2 0106 Timer2 Register

R3HLD 0108 Timer3 Holding Register (For 32-bit timer operations only)

R3 010A Timer3 Register

2 010C Period Register 2

3 010E Period Register 3

CON 0110 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0 T32 —

CON 0112 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0 — —

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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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.
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13.0 OUTPUT COMPARE MODULE

This section describes the output compare module and
associated operational modes. The features provided
by this module are useful in applications requiring
operational modes, such as:

• Generation of Variable Width Output Pulses
• Power Factor Correction

Figure 13-1 illustrates a block diagram of the output
compare module.

The key operational features of the output compare
module include:

• Timer2 and Timer3 Selection mode
• Simple Output Compare Match mode
• Dual Output Compare Match mode
• Simple PWM mode
• Output Compare during Sleep and Idle modes
• Interrupt on Output Compare/PWM Event

These operating modes are determined by setting the
appropriate bits in the 16-bit OCxCON SFR (where x = 1,
2, ... N). The dsPIC30F4011/4012 devices have
4/2 compare channels, respectively.

OCxRS and OCxR in the figure represent the Dual
Compare registers. In the Dual Compare mode, the
OCxR register is used for the first compare and OCxRS
is used for the second compare.

FIGURE 13-1:  OUTPUT COMPARE 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).
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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

Period

Duty Cycle

0

PTPER

PTMR
Value

New Duty Cycle Latched

0

PTPER PTMR
Value

Period

Period/2

Duty
Cycle
© 2010 Microchip Technology Inc. DS70135G-page 101



dsPIC30F4011/4012

NOTES:
DS70135G-page 108 © 2010 Microchip Technology Inc.



dsPIC30F4011/4012

NOTES:
DS70135G-page 128 © 2010 Microchip Technology Inc.



dsPIC30F4011/4012
19.0 CAN MODULE

19.1 Overview 
The Controller Area Network (CAN) module is a serial
interface, useful for communicating with other CAN
modules or digital signal controller devices. This inter-
face/protocol was designed to allow communications
within noisy environments. The dsPIC30F4011/4012
devices have 1 CAN module.

The CAN module is a communication controller imple-
menting the CAN 2.0 A/B protocol, as defined in the
BOSCH specification. The module will support CAN 1.2,
CAN 2.0A, CAN2.0B Passive and CAN 2.0B Active
versions of the protocol. The module implementation is
a full CAN system. The CAN specification is not covered
within this data sheet. The reader may refer to the
BOSCH CAN specification for further details.

The module features are as follows:

• Implementation of the CAN protocol CAN 1.2, 
CAN 2.0A and CAN 2.0B 

• Standard and extended data frames
• 0-8 bytes data length
• Programmable bit rate up to 1 Mbit/sec
• Support for remote frames
• Double-buffered receiver with two prioritized 

received message storage buffers (each buffer 
may contain up to 8 bytes of data)

• 6 full (standard/extended identifier), acceptance 
filters, 2 associated with the high priority receive 
buffer and 4 associated with the low priority 
receive buffer

• 2 full, acceptance filter masks, one each associated 
with the high and low priority receive buffers

• Three transmit buffers with application specified 
prioritization and abort capability (each buffer may 
contain up to 8 bytes of data)

• Programmable wake-up functionality with 
integrated low-pass filter

• Programmable Loopback mode supports self-test 
operation

• Signaling via interrupt capabilities for all CAN 
receiver and transmitter error states

• Programmable clock source

• Programmable link to input capture module (IC2, 
for both CAN1 and CAN2) for time-stamping and 
network synchronization

• Low-power Sleep and Idle mode

The CAN bus module consists of a protocol engine and
message buffering/control. The CAN protocol engine
handles all functions for receiving and transmitting
messages on the CAN bus. Messages are transmitted
by first loading the appropriate data registers. Status
and errors can be checked by reading the appropriate
registers. Any message detected on the CAN bus is
checked for errors and then matched against filters to
see if it should be received and stored in one of the
receive registers.

19.2 Frame Types
The CAN module transmits various types of frames
which include data messages or remote transmission
requests, initiated by the user, as other frames that are
automatically generated for control purposes. The
following frame types are supported:

19.2.1 STANDARD DATA FRAME
A standard data frame is generated by a node when the
node wishes to transmit data. It includes an 11-bit
Standard Identifier (SID) but not an 18-bit Extended
Identifier (EID).

19.2.2 EXTENDED DATA FRAME
An extended data frame is similar to a standard data
frame but includes an extended identifier as well.

19.2.3 REMOTE FRAME
It is possible for a destination node to request the data
from the source. For this purpose, the destination node
sends a remote frame with an identifier that matches
the identifier of the required data frame. The
appropriate data source node will then send a data
frame as a response to this remote request.

19.2.4 ERROR FRAME
An error frame is generated by any node that detects a
bus error. An error frame consists of 2 fields: an error
flag field and an error delimiter field. 

19.2.5 OVERLOAD FRAME 
An overload frame can be generated by a node as a
result of 2 conditions. First, the node detects a domi-
nant bit during interframe space which is an illegal
condition. Second, due to internal conditions, the node
is not yet able to start reception of the next message. A
node may generate a maximum of 2 sequential
overload frames to delay the start of the next message.

19.2.6 INTERFRAME SPACE
Interframe space separates a proceeding frame (of
whatever type) from a following data or remote frame.

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).
© 2010 Microchip Technology Inc. DS70135G-page 129



dsPIC30F4011/4012

FIGURE 19-1: CAN BUFFERS AND PROTOCOL ENGINE BLOCK DIAGRAM
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Note 1: These are conceptual groups of registers, not SFR names by themselves.
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20.8 A/D Acquisition Requirements
The analog input model of the 10-bit ADC is shown in
Figure 20-3. The total sampling time for the  ADC is a
function of the internal amplifier settling time, device
VDD and the holding capacitor charge time.

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the voltage level on the analog input pin. The
source impedance (RS), the interconnect impedance
(RIC) and the internal sampling switch (RSS) impedance
combine to directly affect the time required to charge the
capacitor CHOLD. The combined impedance of the ana-
log sources must therefore be small enough to fully
charge the holding capacitor within the chosen sample
time. To minimize the effects of pin leakage currents on
the accuracy of the ADC, the maximum recommended
source impedance, RS, is 5 kΩ. After the analog input
channel is selected (changed), this sampling function
must be completed prior to starting the conversion. The
internal holding capacitor will be in a discharged state
prior to each sample operation.

The user must allow at least 1 TAD period of sampling
time, TSAMP, between conversions to allow each sam-
ple to be acquired. This sample time may be controlled
manually in software by setting/clearing the SAMP bit,
or it may be automatically controlled by the ADC. In an
automatic configuration, the user must allow enough
time between conversion triggers so that the minimum
sample time can be satisfied. Refer to Section 24.0
“Electrical Characteristics” for TAD and sample time
requirements.

FIGURE 20-3: A/D CONVERTER ANALOG INPUT MODEL 

CPINVA

Rs ANx
VT = 0.6V

VT = 0.6V ILEAKAGE

RIC ≤ 250Ω Sampling
Switch

RSS

CHOLD
= DAC Capacitance

VSS

VDD

= 4.4 pF±500 nA

Legend: CPIN

VT
I leakage

RIC
RSS

CHOLD

= Input Capacitance
= Threshold Voltage
= Leakage Current at the pin due to

= Interconnect Resistance
= Sampling Switch Resistance
= Sample/Hold Capacitance (from DAC)

various junctions

Note: CPIN value depends on device package and is not tested. Effect of CPIN negligible if Rs ≤ 5 kΩ.

RSS ≤ 3 kΩ
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21.3.1.1 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) 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 occurs. The device
automatically switches to the FRC oscillator and the
user can switch to the desired crystal oscillator in the
trap ISR.

21.3.1.2 Operating without FSCM and PWRT
If the FSCM is disabled and the Power-up Timer
(PWRT) is also disabled, then the device exits rapidly
from Reset on power-up. If the clock source is FRC,
LPRC, ERC 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.

21.3.2 BOR: PROGRAMMABLE 
BROWN-OUT RESET

The BOR (Brown-out Reset) module is based on an
internal voltage reference circuit. The main purpose of
the BOR module is to generate a device Reset when a
brown-out condition occurs. Brown-out conditions are
generally caused by glitches on the AC mains (i.e.,
missing portions of the AC cycle waveform due to bad
power transmission lines, or voltage sags due to exces-
sive current draw when a large inductive load is turned
on).

The BOR module allows selection of one of the
following voltage trip points (see Table 24-10):

• 2.6V-2.71V
• 4.1V-4.4V
• 4.58V-4.73V

A BOR generates a Reset pulse, which resets the
device. The BOR selects the clock source, based on
the device Configuration bit values (FOS<1:0> and
FPR<3:0>). Furthermore, if an oscillator mode is
selected, the BOR activates the Oscillator Start-up
Timer (OST). The system clock is held until OST
expires. If the PLL is used, then the clock is held until
the LOCK bit (OSCCON<5>) is ‘1’.

Concurrently, the POR time-out (TPOR) and the PWRT
time-out (TPWRT) are applied before the internal Reset
is released. If TPWRT = 0 and a crystal oscillator is
being used, then a nominal delay of TFSCM = 100 μs is
applied. The total delay in this case is (TPOR + TFSCM). 

The BOR status bit (RCON<1>) is set to indicate that a
BOR has occurred. The BOR circuit, if enabled, contin-
ues to operate while in Sleep or Idle modes and resets
the device if VDD falls below the BOR threshold voltage.

FIGURE 21-6: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR 
SLOW VDD POWER-UP)     

Note: The BOR voltage trip points indicated here
are nominal values provided for design
guidance only. 

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 pin break-
down, due to Electrostatic Discharge (ESD)
or Electrical Overstress (EOS).

C

R1
RD

VDD

dsPIC30F
MCLR
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Table 21-5 lists the Reset conditions for the RCON
Register. Since the control bits within the RCON regis-
ter are R/W, the information in the table implies that all
the bits are negated prior to the action specified in the
condition column.

TABLE 21-5: INITIALIZATION CONDITION FOR RCON REGISTER, CASE 1

Table 21-6 lists a second example of the bit
conditions for the RCON register. In this case, it is not
assumed that the user has set/cleared specific bits
prior to action specified in the condition column.

TABLE 21-6: INITIALIZATION CONDITION FOR RCON REGISTER, CASE 2

Condition Program 
Counter TRAPR IOPUWR EXTR SWR WDTO IDLE SLEEP POR BOR

Power-on Reset 0x000000 0 0 0 0 0 0 0 1 1

Brown-out Reset 0x000000 0 0 0 0 0 0 0 0 1

MCLR Reset during normal 
operation

0x000000 0 0 1 0 0 0 0 0 0

Software Reset during 
normal operation

0x000000 0 0 0 1 0 0 0 0 0

MCLR Reset during Sleep 0x000000 0 0 1 0 0 0 1 0 0

MCLR Reset during Idle 0x000000 0 0 1 0 0 1 0 0 0

WDT Time-out Reset 0x000000 0 0 0 0 1 0 0 0 0

WDT Wake-up PC + 2 0 0 0 0 1 0 1 0 0

Interrupt Wake-up from 
Sleep

PC + 2(1) 0 0 0 0 0 0 1 0 0

Clock Failure Trap 0x000004 0 0 0 0 0 0 0 0 0

Trap Reset 0x000000 1 0 0 0 0 0 0 0 0

Illegal Operation Trap 0x000000 0 1 0 0 0 0 0 0 0

Note 1: When the wake-up is due to an enabled interrupt, the PC is loaded with the corresponding interrupt vector. 

Condition Program 
Counter TRAPR IOPUWR EXTR SWR WDTO IDLE SLEEP POR BOR

Power-on Reset 0x000000 0 0 0 0 0 0 0 1 1

Brown-out Reset 0x000000 u u u u u u u 0 1

MCLR Reset during normal 
operation

0x000000 u u 1 0 0 0 0 u u

Software Reset during 
normal operation

0x000000 u u 0 1 0 0 0 u u

MCLR Reset during Sleep 0x000000 u u 1 u 0 0 1 u u

MCLR Reset during Idle 0x000000 u u 1 u 0 1 0 u u

WDT Time-out Reset 0x000000 u u 0 0 1 0 0 u u

WDT Wake-up PC + 2 u u u u 1 u 1 u u

Interrupt Wake-up from 
Sleep

PC + 2(1) u u u u u u 1 u u

Clock Failure Trap 0x000004 u u u u u u u u u

Trap Reset 0x000000 1 u u u u u u u u

Illegal Operation Reset 0x000000 u 1 u u u u u u u

Legend: u = unchanged
Note 1: When the wake-up is due to an enabled interrupt, the PC is loaded with the corresponding interrupt vector. 
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22.0 INSTRUCTION SET SUMMARY

The dsPIC30F instruction set adds many
enhancements to the previous PIC® MCU instruction
sets, while maintaining an easy migration from PIC
MCU instruction sets. 

Most instructions are a single program memory word
(24 bits). Only three instructions require two program
memory locations. 

Each single-word instruction is a 24-bit word divided
into an 8-bit opcode, which specifies the instruction
type, and one or more operands which further specify
the operation of the instruction. 

The instruction set is highly orthogonal and is grouped
into five basic categories:

• Word or byte-oriented operations
• Bit-oriented operations
• Literal operations
• DSP operations
• Control operations

Table 22-1 shows the general symbols used in
describing the instructions. 

The dsPIC30F instruction set summary in Table 22-2
lists all the instructions along with the status flags
affected by each instruction. 

Most word or byte-oriented W register instructions
(including barrel shift instructions) have three
operands: 

• The first source operand, which is typically a 
register ‘Wb’ without any address modifier

• The second source operand, which is typically a 
register ‘Ws’ with or without an address modifier

• The destination of the result, which is typically a 
register ‘Wd’ with or without an address modifier 

However, word or byte-oriented file register instructions
have two operands:

• The file register specified by the value ‘f’
• The destination, which could either be the file 

register ‘f’ or the W0 register, which is denoted as 
‘WREG’

Most bit-oriented instructions (including simple rotate/
shift instructions) have two operands:

• The W register (with or without an address modi-
fier) or file register (specified by the value of ‘Ws’ 
or ‘f’) 

• The bit in the W register or file register 
(specified by a literal value or indirectly by the 
contents of register ‘Wb’) 

The literal instructions that involve data movement may
use some of the following operands:

• A literal value to be loaded into a W register or file 
register (specified by the value of ‘k’) 

• The W register or file register where the literal 
value is to be loaded (specified by ‘Wb’ or ‘f’)

However, literal instructions that involve arithmetic or
logical operations use some of the following operands:

• The first source operand which is a register ‘Wb’ 
without any address modifier

• The second source operand which is a literal 
value

• The destination of the result (only if not the same 
as the first source operand) which is typically a 
register ‘Wd’ with or without an address modifier

The MAC class of DSP instructions may use some of the
following operands:

• The accumulator (A or B) to be used (required 
operand)

• The W registers to be used as the two operands
• The X and Y address space prefetch operations
• The X and Y address space prefetch destinations
• The accumulator write-back destination

The other DSP instructions do not involve any
multiplication and may include:

• The accumulator to be used (required)
• The source or destination operand (designated as 

Wso or Wdo, respectively) with or without an 
address modifier 

• The amount of shift, specified by a W register ‘Wn’ 
or a literal value

The control instructions may use some of the following
operands:

• A program memory address 
• The mode of the table read and table write 

instructions 

All instructions are a single word, except for certain
double-word instructions, which were made double-
word instructions so that all the required information is
available in these 48 bits. In the second word, the
8 MSbs are ‘0’s. If this second word is executed as an
instruction (by itself), it will execute as a NOP. 

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).
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TABLE 24-8: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS

DC CHARACTERISTICS

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

-40°C ≤ TA ≤ +125°C for Extended 

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

VIL Input Low Voltage(2)

DI10 I/O pins:
   with Schmitt Trigger buffer VSS — 0.2 VDD V

DI15 MCLR VSS — 0.2 VDD V
DI16 OSC1 (in XT, HS and LP modes) VSS — 0.2 VDD V
DI17 OSC1 (in RC mode)(3) VSS — 0.3 VDD V
DI18 SDA, SCL VSS — 0.3 VDD V SMBus disabled
DI19 SDA, SCL VSS — 0.8 V SMBus enabled

VIH Input High Voltage(2)

DI20 I/O pins:
   with Schmitt Trigger buffer 0.8 VDD — VDD V

DI25 MCLR 0.8 VDD — VDD V
DI26 OSC1 (in XT, HS and LP modes) 0.7 VDD — VDD V
DI27 OSC1 (in RC mode)(3) 0.9 VDD — VDD V
DI28 SDA, SCL 0.7 VDD — VDD V SMBus disabled
DI29 SDA, SCL 2.1 — VDD V SMBus enabled
DI30 ICNPU CNXX Pull-up Current(2) 50 250 400 μA VDD = 5V, VPIN = VSS

IIL Input Leakage Current(2,4,5)

DI50 I/O ports — 0.01 ±1 μA VSS ≤ VPIN ≤ VDD,
Pin at high-impedance

DI51 Analog input pins — 0.50 — μA VSS ≤ VPIN ≤ VDD,
Pin at high-impedance

DI55 MCLR — 0.05 ±5 μA VSS ≤ VPIN ≤ VDD

DI56 OSC1 — 0.05 ±5 μA VSS ≤ VPIN ≤ VDD, 
XT, HS and LP Osc mode

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

2: These parameters are characterized but not tested in manufacturing.
3: In RC oscillator configuration, the OSC1/CLKl pin is a Schmitt Trigger input. It is not recommended that the 

dsPIC30F device be driven with an external clock while in RC mode.
4: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified lev-

els represent normal operating conditions. Higher leakage current may be measured at different input volt-
ages.

5: Negative current is defined as current sourced by the pin.
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TABLE 24-13: EXTERNAL CLOCK 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(1) Max Units Conditions

OS10 FOSC External CLKI Frequency
(external clocks allowed only
in EC mode)(2)

DC
4
4
4

—
—
—
—

40
10
10
7.5

MHz
MHz
MHz
MHz

EC
EC with 4x PLL
EC with 8x PLL
EC with 16x PLL

Oscillator Frequency(2) DC
0.4
4
4
4
4

10
31
—
—

—
—
—
—
—
—
—
—

7.37
512

4
4

10
10
10
7.5
25
33
—
—

MHz
MHz
MHz
MHz
MHz
MHz
MHz
kHz
MHz
kHz

RC
XTL
XT
XT with 4x PLL
XT with 8x PLL
XT with 16x PLL
HS
LP
FRC internal
LPRC internal

OS20 TOSC TOSC = 1/FOSC — — — — See parameter OS10
for FOSC value

OS25 TCY Instruction Cycle Time(2,3) 33 — DC ns See Table 24-16

OS30 TosL,
TosH

External Clock in (OSC1)
High or Low Time(2)

.45 x TOSC — — ns EC

OS31 TosR,
TosF

External Clock in (OSC1)
Rise or Fall Time(2)

— — 20 ns EC

OS40 TckR CLKO Rise Time(2,4) — — — ns See parameter DO31

OS41 TckF CLKO Fall Time(2,4) — — — ns See parameter DO32
Note 1: Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and 

are not tested.
2: These parameters are characterized but not tested in manufacturing.
3: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values 

are based on characterization data for that particular oscillator type under standard operating conditions 
with the device executing code. Exceeding these specified limits may result in an unstable oscillator 
operation and/or higher than expected current consumption. All devices are tested to operate at “min.” 
values with an external clock applied to the OSC1/CLKI pin. When an external clock input is used, the 
“Max.” cycle time limit is “DC” (no clock) for all devices.

4: Measurements are taken in EC or ERC modes. The CLKO signal is measured on the OSC2 pin. CLKO is 
low for the Q1-Q2 period (1/2 TCY) and high for the Q3-Q4 period (1/2 TCY).
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FIGURE 24-8: QEI MODULE EXTERNAL CLOCK TIMING CHARACTERISTICS     

     

TQ11

TQ15

TQ10

TQ20

QEB

POSCNT

TABLE 24-25: QEI MODULE EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

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

-40°C ≤ TA ≤ +125°C for Extended 

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

TQ10 TtQH TxCK High Time Synchronous,
with prescaler

TCY + 20 — — ns Must also meet 
parameter TQ15

TQ11 TtQL TxCK Low Time Synchronous,
with prescaler

TCY + 20 — — ns Must also meet 
parameter TQ15

TQ15 TtQP TxCK Input Period Synchronous,
with prescaler

2 * TCY + 40 — — ns

TQ20 TCKEXTMRL Delay from External TxCK Clock 
Edge to Timer Increment

0.5 TCY — 1.5 TCY ns

Note 1: These parameters are characterized but not tested in manufacturing.
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