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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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2.4.2.4 Data Space Write Saturation

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

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

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

2.4.3 BARREL SHIFTER

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

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

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions 0 to 16 for left shifts.
© 2006 Microchip Technology Inc. DS70117F-page 23
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FIGURE 3-6: DATA SPACE WINDOW INTO PROGRAM SPACE OPERATION
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BSET CORCON,#2 ; PSV bit set
MOV #0x01, W0 ; Set PSVPAG register
MOV W0, PSVPAG
MOV 0x8000, W0 ; Access program memory location

; using a data space access

Note: PSVPAG is an 8-bit register, containing bits <22:15> of the program space address (i.e., it defines
the page in program space to which the upper half of data space is being mapped).
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5.1 Interrupt Priority

The user assignable interrupt priority (IP<2:0>) bits for
each individual interrupt source are located in the Least
Significant 3 bits of each nibble within the IPCx regis-
ter(s). Bit 3 of each nibble is not used and is read as a
‘0’. These bits define the priority level assigned to a
particular interrupt by the user. 

Natural Order Priority is determined by the position of
an interrupt in the vector table, and only affects
interrupt operation when multiple interrupts with the
same user-assigned priority become pending at the
same time. 

Table 5-1 lists the interrupt numbers and interrupt
sources for the dsPIC DSC device and their associated
vector numbers. 

The ability for the user to assign every interrupt to one
of seven priority levels implies that the user can assign
a very high overall priority level to an interrupt with a
low natural order priority. For example, the PLVD (Low-
Voltage Detect) can be given a priority of 7. The INT0
(External Interrupt 0) may be assigned to priority level
1, thus giving it a very low effective priority.

TABLE 5-1: INTERRUPT VECTOR TABLE

Note: The user selectable priority levels start at
0 as the lowest priority and level 7 as the
highest priority.

Note 1: The natural order priority scheme has 0
as the highest priority and 53 as the
lowest priority. 

2: The natural order priority number is the
same as the INT number.

INT 
Number

Vector 
Number

Interrupt Source

Highest Natural Order Priority

0 8 INT0 – External Interrupt 0

1 9 IC1 – Input Capture 1

2 10 OC1 – Output Compare 1

3 11 T1 – Timer 1

4 12 IC2 – Input Capture 2

5 13 OC2 – Output Compare 2

6 14 T2 – Timer 2

7 15 T3 – Timer 3

8 16 SPI1 

9 17 U1RX – UART1 Receiver

10 18 U1TX – UART1 Transmitter

11 19 ADC – ADC Convert Done

12 20 NVM – NVM Write Complete

13 21 SI2C – I2C Slave Interrupt

14 22 MI2C – I2C Master Interrupt

15 23 Input Change Interrupt

16 24 INT1 – External Interrupt 1

17 25 IC7 – Input Capture 7

18 26 IC8 – Input Capture 8

19 27 OC3 – Output Compare 3

20 28 OC4 – Output Compare 4

21 29 T4 – Timer 4

22 30 T5 – Timer 5

23 31 INT2 – External Interrupt 2

24 32 U2RX – UART2 Receiver

25 33 U2TX – UART2 Transmitter

26 34 SPI2 

27 35 C1 – Combined IRQ for CAN1

28 36 IC3 – Input Capture 3

29 37 IC4 – Input Capture 4

30 38 IC5 – Input Capture 5

31 39 IC6 – Input Capture 6

32 40 OC5 – Output Compare 5

33 41 OC6 – Output Compare 6

34 42 OC7 – Output Compare 7

35 43 OC8 – Output Compare 8

36 44 INT3 – External Interrupt 3

37 45 INT4 – External Interrupt 4

38 46 C2 – Combined IRQ for CAN2

39-40 47-48 Reserved

41 49 DCI – Codec Transfer Done

42 50 LVD – Low-Voltage Detect

43-53 51-61 Reserved

Lowest Natural Order Priority
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8.0 I/O PORTS

All of the device pins (except VDD, VSS, MCLR and
OSC1/CLKI) are shared between the peripherals and
the parallel I/O ports.

All I/O input ports feature Schmitt Trigger inputs for
improved noise immunity.

8.1 Parallel I/O (PIO) Ports

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as
a general purpose output pin is disabled. The I/O pin
may be read but the output driver for the parallel port bit
will be disabled. If a peripheral is enabled but the
peripheral is not actively driving a pin, that pin may be
driven by a port.

All port pins have three registers directly associated
with the operation of the port pin. The Data Direction
register (TRISx) determines whether the pin is an input
or an output. If the data direction bit is a ‘1’, then the pin
is an input. All port pins are defined as inputs after a
Reset. Reads from the latch (LATx), read the latch.
Writes to the latch, write the latch (LATx). Reads from
the port (PORTx), read the port pins and writes to the
port pins, write the latch (LATx).

Any bit and its associated data and control registers
that are not valid for a particular device will be dis-
abled. That means the corresponding LATx and TRISx
registers and the port pin will read as zeros. 

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs. An example is the
INT4 pin.

The format of the registers for PORTA are shown in
Table 8-1. 

The TRISA (Data Direction Control) register controls
the direction of the RA<7:0> pins, as well as the INTx
pins and the VREF pins. The LATA register supplies
data to the outputs and is readable/writable. Reading
the PORTA register yields the state of the input pins,
while writing the PORTA register modifies the contents
of the LATA register.

A parallel I/O (PIO) port that shares a pin with a periph-
eral is, in general, subservient to the peripheral. The
peripheral’s output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the I/O pad cell. Figure 8-2 shows how ports are shared
with other peripherals and the associated I/O cell (pad)
to which they are connected. Table 8-2 through
Table 8-9 show the formats of the registers for the
shared ports, PORTB through PORTG. 

FIGURE 8-1: BLOCK DIAGRAM OF A DEDICATED PORT STRUCTURE

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

Note: The actual bits in use vary between
devices.
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8.2 Configuring Analog Port Pins

The use of the ADPCFG and TRIS registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their correspond-
ing TRIS bit set (input). If the TRIS bit is cleared (out-
put), the digital output level (VOH or VOL) will be
converted.

When reading the Port register, all pins configured as
analog input channels will read as cleared (a low level). 

Pins configured as digital inputs will not convert an ana-
log input. Analog levels on any pin that is defined as a
digital input (including the ANx pins) may cause the
input buffer to consume current that exceeds the
device specifications.

FIGURE 8-2: BLOCK DIAGRAM OF A SHARED PORT STRUCTURE 
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Bit 2 Bit 1 Bit 0 Reset State

RISD2 TRISD1 TRISD0 0000 1111 1111 1111

RD2 RD1 RD0 0000 0000 0000 0000

ATD2 LATD1 LATD0 0000 0000 0000 0000

Bit 2 Bit 1 Bit 0 Reset State

RISD2 TRISD1 TRISD0 1111 1111 1111 1111

RD2 RD1 RD0 0000 0000 0000 0000

ATD2 LATD1 LATD0 0000 0000 0000 0000

it 2 Bit 1 Bit 0 Reset State

ISF2 TRISF1 TRISF0 0000 0000 0111 1111

F2 RF1 RF0 0000 0000 0000 0000

TF2 LATF1 LATF0 0000 0000 0000 0000

it 2 Bit 1 Bit 0 Reset State

ISF2 TRISF1 TRISF0 0000 0001 1111 1111

F2 RF1 RF0 0000 0000 0000 0000

TF2 LATF1 LATF0 0000 0000 0000 0000

 2 Bit 1 Bit 0 Reset State

G2 TRISG1 TRISG0 1111 0011 1100 1111

2 RG1 RG0 0000 0000 0000 0000

G2 LATG1 LATG0 0000 0000 0000 0000
TABLE 8-5: PORTD REGISTER MAP FOR dsPIC30F6011/6012

TABLE 8-6: PORTD REGISTER MAP FOR dsPIC30F6013/6014

TABLE 8-7: PORTF REGISTER MAP FOR dsPIC30F6011/6012

TABLE 8-8: PORTF REGISTER MAP FOR dsPIC30F6013/6014

TABLE 8-9: PORTG REGISTER MAP FOR dsPIC30F6011/6012/6013/6014

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

TRISD 02D2 — — — — TRISD11 TRISD10 TRISD9 TRISD8 TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 T

PORTD 02D4 — — — — RD11 RD10 RD9 RD8 RD7 RD6 RD5 RD4 RD3

LATD 02D6 — — — — LATD11 LATD10 LATD9 LATD8 LATD7 LATD6 LATD5 LATD4 LATD3 L

Note: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

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

TRISD 02D2 TRISD15 TRISD14 TRISD13 TRISD12 TRISD11 TRISD10 TRISD9 TRISD8 TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 T

PORTD 02D4 RD15 RD14 RD13 RD12 RD11 RD10 RD9 RD8 RD7 RD6 RD5 RD4 RD3

LATD 02D6 LATD15 LATD14 LATD13 LATD12 LATD11 LATD10 LATD9 LATD8 LATD7 LATD6 LATD5 LATD4 LATD3 L

Note: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

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 B

TRISF 02DE — — — — — — — — — TRISF6 TRISF5 TRISF4 TRISF3 TR

PORTF 02E0 — — — — — — — — — RF6 RF5 RF4 RF3 R

LATF 02E2 — — — — — — — — — LATF6 LATF5 LATF4 LATF3 LA

Note: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

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 B

TRISF 02DE — — — — — — — TRISF8 TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TR

PORTF 02E0 — — — — — — — RF8 RF7 RF6 RF5 RF4 RF3 R

LATF 02E2 — — — — — — — LATF8 LATF7 LATF6 LATF5 LATF4 LATF3 LA

Note: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

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

TRISG 02E4 TRISG15 TRISG14 TRISG13 TRISG12 — — TRISG9 TRISG8 TRISG7 TRISG6 — — TRISG3 TRIS

PORTG 02E6 RG15 RG14 RG13 RG12 — — RG9 RG8 RG7 RG6 — — RG3 RG

LATG 02E8 LATG15 LATG14 LATG13 LATG12 — — LATG9 LATG8 LATG7 LATG6 — — LATG3 LAT

Note: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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FIGURE 10-2: 16-BIT TIMER2 BLOCK DIAGRAM 

FIGURE 10-3: 16-BIT TIMER3 BLOCK DIAGRAM 
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FIGURE 16-2: UART RECEIVER BLOCK DIAGRAM
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TA

TA

SF  2 Bit 1 Bit 0 Reset State

U1 EL1 PDSEL0 STSEL 0000 0000 0000 0000

U1 R OERR URXDA 0000 0001 0001 0000

U1 0000 000u uuuu uuuu

U1 0000 0000 0000 0000

U1 0000 0000 0000 0000

Le

No

2 Bit 1 Bit 0 Reset State

U2 L1 PDSEL0 STSEL 0000 0000 0000 0000

U2 R OERR URXDA 0000 0001 0001 0000

U2 0000 000u uuuu uuuu

U2 0000 0000 0000 0000

U2 0000 0000 0000 0000

Le

No
BLE 16-1: UART1 REGISTER MAP

BLE 16-2: UART2 REGISTER MAP

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

MODE 020C UARTEN — USIDL — — — — — WAKE LPBACK ABAUD — — PDS

STA 020E UTXISEL — — — UTXBRK UTXEN UTXBF TRMT URXISEL1 URXISEL0 ADDEN RIDLE PERR FER

TXREG 0210 — — — — — — — UTX8 Transmit Register

RXREG 0212 — — — — — — — URX8 Receive Register

BRG 0214 Baud Rate Generator Prescaler

gend: u = uninitialized bit

te: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

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 

MODE 0216 UARTEN — USIDL — — — — — WAKE LPBACK ABAUD — — PDSE

STA 0218 UTXISEL — — — UTXBRK UTXEN UTXBF TRMT URXISEL1 URXISEL0 ADDEN RIDLE PERR FER

TXREG 021A — — — — — — — UTX8 Transmit Register

RXREG 021C — — — — — — — URX8 Receive Register

BRG 021E Baud Rate Generator Prescaler

gend: u = uninitialized bit

te: Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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18.3.18 SLOT STATUS BITS

The SLOT<3:0> status bits in the DCISTAT SFR indi-
cate the current active time slot. These bits will corre-
spond to the value of the frame sync generator counter.
The user may poll these status bits in software when a
DCI interrupt occurs to determine what time slot data
was last received and which time slot data should be
loaded into the TXBUF registers. 

18.3.19 CSDO MODE BIT

The CSDOM control bit controls the behavior of the
CSDO pin during unused transmit slots. A given trans-
mit time slot is unused if it’s corresponding TSEx bit in
the TSCON SFR is cleared.

If the CSDOM bit is cleared (default), the CSDO pin will
be low during unused time slot periods. This mode will
be used when there are only two devices attached to
the serial bus.

If the CSDOM bit is set, the CSDO pin will be tri-stated
during unused time slot periods. This mode allows mul-
tiple devices to share the same CSDO line in a multi-
channel application. Each device on the CSDO line is
configured so that it will only transmit data during
specific time slots. No two devices will transmit data
during the same time slot.

18.3.20 DIGITAL LOOPBACK MODE

Digital Loopback mode is enabled by setting the
DLOOP control bit in the DCISTAT SFR. When the
DLOOP bit is set, the module internally connects the
CSDO signal to CSDI. The actual data input on the
CSDI I/O pin will be ignored in Digital Loopback mode.

18.3.21 UNDERFLOW MODE CONTROL BIT

When an underflow occurs, one of two actions may
occur depending on the state of the Underflow mode
(UNFM) control bit in the DCICON1 SFR. If the UNFM
bit is cleared (default), the module will transmit ‘0’s on
the CSDO pin during the active time slot for the buffer
location. In this Operating mode, the Codec device
attached to the DCI module will simply be fed digital
‘silence’. If the UNFM control bit is set, the module will
transmit the last data written to the buffer location. This
Operating mode permits the user to send continuous
data to the Codec device without consuming CPU
overhead.

18.4 DCI Module Interrupts

The frequency of DCI module interrupts is dependent
on the BLEN<1:0> control bits in the DCICON2 SFR.
An interrupt to the CPU is generated each time the set
buffer length has been reached and a shadow register
transfer takes place. A shadow register transfer is
defined as the time when the previously written TXBUF
values are transferred to the transmit shadow registers
and new received values in the receive shadow
registers are transferred into the RXBUF registers.

18.5 DCI Module Operation During CPU 
Sleep and Idle Modes

18.5.1 DCI MODULE OPERATION DURING 
CPU SLEEP MODE

The DCI module has the ability to operate while in
Sleep mode and wake the CPU when the CSCK signal
is supplied by an external device (CSCKD = 1). The
DCI module will generate an asynchronous interrupt
when a DCI buffer transfer has completed and the CPU
is in Sleep mode.

18.5.2 DCI MODULE OPERATION DURING 
CPU IDLE MODE

If the DCISIDL control bit is cleared (default), the mod-
ule will continue to operate normally even in Idle mode.
If the DCISIDL bit is set, the module will halt when Idle
mode is asserted.

18.6 AC-Link Mode Operation

The AC-Link protocol is a 256-bit frame with one 16-bit
data slot, followed by twelve 20-bit data slots. The DCI
module has two Operating modes for the AC-Link pro-
tocol. These Operating modes are selected by the
COFSM<1:0> control bits in the DCICON1 SFR. The
first AC-Link mode is called ‘16-bit AC-Link mode’ and
is selected by setting COFSM<1:0> = 10. The second
AC-Link mode is called ‘20-bit AC-Link mode’ and is
selected by setting COFSM<1:0> = 11.

18.6.1 16-BIT AC-LINK MODE

In the 16-bit AC-Link mode, data word lengths are
restricted to 16 bits. Note that this restriction only
affects the 20-bit data time slots of the AC-Link proto-
col. For received time slots, the incoming data is simply
truncated to 16 bits. For outgoing time slots, the 4 LSbs
of the data word are set to ‘0’ by the module. This trun-
cation of the time slots limits the A/D and DAC data to
16 bits but permits proper data alignment in the TXBUF
and RXBUF registers. Each RXBUF and TXBUF regis-
ter will contain one data time slot value.

18.6.2 20-BIT AC-LINK MODE

The 20-bit AC-Link mode allows all bits in the data time
slots to be transmitted and received but does not main-
tain data alignment in the TXBUF and RXBUF
registers.

The 20-bit AC-Link mode functions similar to the Multi-
Channel mode of the DCI module, except for the duty
cycle of the frame synchronization signal. The AC-Link
frame synchronization signal should remain high for 16
CSCK cycles and should be low for the following
240 cycles.
DS70117F-page 132 © 2006 Microchip Technology Inc.
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19.8 A/D Acquisition Requirements

The analog input model of the 12-bit A/D converter
is shown inFigure 19-4. The total sampling time for the
A/D is a function of the internal amplifier settling time
and the holding capacitor charge time.

For the A/D converter 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 analog 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 A/D con-
verter, the maximum recommended source imped-
ance, RS, is 2.5 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.

FIGURE 19-4: 12-BIT A/D CONVERTER ANALOG INPUT MODEL 

CPINVA

Rs ANx
VT = 0.6V

VT = 0.6V I leakage

RIC ≤ 250Ω Sampling
Switch

RSS

CHOLD
= DAC capacitance

VSS

VDD

= 18 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 ≤ 2.5 kΩ.

RSS ≤ 3 kΩ
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FIGURE 20-1: OSCILLATOR SYSTEM BLOCK DIAGRAM 
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20.3.1.1 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 fre-
quency crystals) will have a relatively long start-up
time. Therefore, one or more of the following conditions
is possible after the POR timer and the PWRT have
expired:

• The oscillator circuit has not begun to oscillate.
• The Oscillator Start-up Timer has not expired (if a 

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

used). 

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

20.3.1.2 Operating without FSCM and PWRT

If the FSCM is disabled and the Power-up Timer
(PWRT) is also disabled, then the device will exit rap-
idly from Reset on power-up. If the clock source is
FRC, LPRC, EXTRC 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.

20.3.2 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 23-11):

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

A BOR will generate a Reset pulse which will reset the
device. The BOR will select 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 will activate the Oscillator Start-up
Timer (OST). The system clock is held until OST
expires. If the PLL is used, then the clock will be held
until the LOCK bit (OSCCON<5>) is ‘1’.

Concurrently, the POR time-out (TPOR) and the PWRT
time-out (TPWRT) will be 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>) will be set to indicate
that a BOR has occurred. The BOR circuit, if enabled,
will continue to operate while in Sleep or Idle modes
and will reset the device should VDD fall below the BOR
threshold voltage.

FIGURE 20-6: 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. Refer to the Electrical
Specifications in the specific device data
sheet for BOR voltage limit specifications.

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 specifications.

3: R1 should be suitably chosen so as to limit 
any current flowing into MCLR from external 
capacitor C, in the event of MCLR/VPP pin 
breakdown due to Electrostatic Discharge 
(ESD), or Electrical Overstress (EOS).

C

R1
RD

VDD

dsPIC30F

MCLR
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20.4 Watchdog Timer (WDT)

20.4.1 WATCHDOG TIMER OPERATION

The primary function of the Watchdog Timer (WDT) is
to reset the processor in the event of a software mal-
function. The WDT is a free-running timer which runs
off an on-chip RC oscillator, requiring no external com-
ponent. Therefore, the WDT timer will continue to oper-
ate even if the main processor clock (e.g., the crystal
oscillator) fails.

20.4.2 ENABLING AND DISABLING 
THE WDT

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

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

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

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

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

20.5 Low-Voltage Detect

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

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

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

20.6 Power Saving Modes

There are two power-saving states that can be entered
through the execution of a special instruction, PWRSAV.
These are Sleep and Idle.

The format of the PWRSAV instruction is as follows:

PWRSAV <parameter>, where ‘parameter’ defines
Idle or Sleep mode.

20.6.1 SLEEP MODE 

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

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

The brown-out protection circuit and the Low-Voltage
Detect circuit, if enabled, will remain functional during
Sleep. 

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

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

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

On waking up from Sleep mode, the processor will
restart the same clock that was active prior to entry into
Sleep mode. When clock switching is enabled, bits
COSC<1:0> will determine the oscillator source that
will be used on wake-up. If clock switch is disabled,
then there is only one system clock.

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

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

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

Note: If a POR or BOR occurred, the selection of
the oscillator is based on the FOS<1:0>
and FPR<3:0> Configuration bits.
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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. 

Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP. Notable exceptions are the BRA (uncondi-
tional/computed branch), indirect CALL/GOTO, all table
reads and writes, and RETURN/RETFIE instructions,

which are single-word instructions but take two or three
cycles. Certain instructions that involve skipping over
the subsequent instruction require either two or three
cycles if the skip is performed, depending on whether
the instruction being skipped is a single word or two-
word instruction. Moreover, double-word moves
require two cycles. The double-word instructions
execute in two instruction cycles. 

  

Note: For more details on the instruction set,
refer to the “dsPIC30F/33F Programmer’s
Reference Manual” (DS70157)

TABLE 21-1: SYMBOLS USED IN OPCODE DESCRIPTIONS
Field Description

#text Means literal defined by “text”

(text) Means “content of text”

[text] Means “the location addressed by text”

{  } Optional field or operation

<n:m> Register bit field

.b Byte mode selection

.d Double-Word mode selection

.S Shadow register select

.w Word mode selection (default)

Acc One of two accumulators {A, B}

AWB Accumulator write back destination address register ∈ {W13, [W13]+=2}

bit4 4-bit bit selection field (used in word addressed instructions) ∈ {0...15}

C, DC, N, OV, Z MCU status bits: Carry, Digit Carry, Negative, Overflow, Sticky Zero

Expr Absolute address, label or expression (resolved by the linker)

f File register address ∈ {0x0000...0x1FFF}

lit1 1-bit unsigned literal ∈ {0,1}

lit4 4-bit unsigned literal ∈ {0...15}

lit5 5-bit unsigned literal ∈ {0...31}

lit8 8-bit unsigned literal ∈ {0...255}

lit10 10-bit unsigned literal ∈ {0...255} for Byte mode, {0:1023} for Word mode

lit14 14-bit unsigned literal ∈ {0...16384}

lit16 16-bit unsigned literal ∈ {0...65535}

lit23 23-bit unsigned literal ∈ {0...8388608}; LSB must be 0

None Field does not require an entry, may be blank

OA, OB, SA, SB DSP status bits: ACCA Overflow, ACCB Overflow, ACCA Saturate, ACCB Saturate

PC Program Counter

Slit10 10-bit signed literal ∈ {-512...511}

Slit16 16-bit signed literal ∈ {-32768...32767}

Slit6 6-bit signed literal ∈ {-16...16}
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9 BTG BTG f,#bit4 Bit Toggle f 1 1 None

BTG Ws,#bit4 Bit Toggle Ws 1 1 None

10 BTSC BTSC f,#bit4 Bit Test f, Skip if Clear 1 1 
(2 or 3)

None

BTSC Ws,#bit4 Bit Test Ws, Skip if Clear 1 1 
(2 or 3)

None

11 BTSS BTSS f,#bit4 Bit Test f, Skip if Set 1 1 
(2 or 3)

None

BTSS Ws,#bit4 Bit Test Ws, Skip if Set 1 1 
(2 or 3)

None

12 BTST BTST f,#bit4 Bit Test f 1 1 Z

BTST.C Ws,#bit4 Bit Test Ws to C 1 1 C

BTST.Z Ws,#bit4 Bit Test Ws to Z 1 1 Z

BTST.C Ws,Wb Bit Test Ws<Wb> to C 1 1 C

BTST.Z Ws,Wb Bit Test Ws<Wb> to Z 1 1 Z

13 BTSTS BTSTS f,#bit4 Bit Test then Set f 1 1 Z

BTSTS.C Ws,#bit4 Bit Test Ws to C, then Set 1 1 C

BTSTS.Z Ws,#bit4 Bit Test Ws to Z, then Set 1 1 Z

14 CALL CALL lit23 Call subroutine 2 2 None

CALL Wn Call indirect subroutine 1 2 None

15 CLR CLR f f = 0x0000 1 1 None

CLR WREG WREG = 0x0000 1 1 None

CLR Ws Ws = 0x0000 1 1 None

CLR Acc,Wx,Wxd,Wy,Wyd,AWB Clear Accumulator 1 1 OA,OB,SA,SB

16 CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO,Sleep

17 COM COM f f = f 1 1 N,Z

COM f,WREG WREG = f 1 1 N,Z

COM Ws,Wd Wd = Ws 1 1 N,Z

18 CP CP f Compare f with WREG 1 1 C,DC,N,OV,Z

CP Wb,#lit5 Compare Wb with lit5 1 1 C,DC,N,OV,Z

CP Wb,Ws Compare Wb with Ws (Wb - Ws) 1 1 C,DC,N,OV,Z

19 CP0 CP0 f Compare f with 0x0000 1 1 C,DC,N,OV,Z

CP0 Ws Compare Ws with 0x0000 1 1 C,DC,N,OV,Z

20 CPB CPB f Compare f with WREG, with Borrow 1 1 C,DC,N,OV,Z

CPB Wb,#lit5 Compare Wb with lit5, with Borrow 1 1 C,DC,N,OV,Z

CPB Wb,Ws Compare Wb with Ws, with Borrow
 (Wb - Ws - C)

1 1 C,DC,N,OV,Z

21 CPSEQ CPSEQ Wb, Wn Compare Wb with Wn, skip if = 1 1 
(2 or 3)

None

22 CPSGT CPSGT Wb, Wn Compare Wb with Wn, skip if > 1 1 
(2 or 3)

None

23 CPSLT CPSLT Wb, Wn Compare Wb with Wn, skip if < 1 1 
(2 or 3)

None

24 CPSNE CPSNE Wb, Wn Compare Wb with Wn, skip if ≠ 1 1 
(2 or 3)

None

25 DAW DAW Wn Wn = decimal adjust Wn 1 1 C

26 DEC DEC f f = f -1 1 1 C,DC,N,OV,Z

DEC f,WREG WREG = f -1 1 1 C,DC,N,OV,Z

DEC Ws,Wd Wd = Ws - 1 1 1 C,DC,N,OV,Z

27 DEC2 DEC2 f f = f -2 1 1 C,DC,N,OV,Z

DEC2 f,WREG WREG = f -2 1 1 C,DC,N,OV,Z

DEC2 Ws,Wd Wd = Ws - 2 1 1 C,DC,N,OV,Z

28 DISI DISI #lit14 Disable Interrupts for k instruction cycles 1 1 None

TABLE 21-2: INSTRUCTION SET OVERVIEW  (CONTINUED)   
Base
Instr

#

Assembly
Mnemonic Assembly Syntax Description # of 

Words
# of 

Cycles
Status Flags 

Affected
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FIGURE 23-16: SPI MODULE SLAVE MODE (CKE = 0) TIMING CHARACTERISTICS   

TABLE 23-32: SPI MODULE MASTER MODE (CKE = 1) TIMING REQUIREMENTS    

AC CHARACTERISTICS

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

-40°C ≤ TA ≤ +125°C for Extended 

Param
No.

Symbol Characteristic(1) Min Typ(2) Max Units Conditions

SP10 TscL SCKX output low time(3)
TCY/2 — — ns —

SP11 TscH SCKX output high time(3) TCY/2 — — ns —

SP20 TscF SCKX output fall time(4) — — — ns See parameter 
D032

SP21 TscR SCKX output rise time(4) — — — ns See parameter 
D031

SP30 TdoF SDOX data output fall time(4) — — — ns See parameter 
D032

SP31 TdoR SDOX data output rise time(4) — — — ns See parameter 
D031

SP35 TscH2doV,
TscL2doV

SDOX data output valid after
SCKX edge

— — 30 ns —

SP36 TdoV2sc, 
TdoV2scL

SDOX data output setup to
first SCKX edge

30 — — ns —

SP40 TdiV2scH, 
TdiV2scL

Setup time of SDIX data input
to SCKX edge

20 — — ns —

SP41 TscH2diL, 
TscL2diL

Hold time of SDIX data input
to SCKX edge 

20 — — ns —

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

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

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

SSX

SCKX
(CKP = 0)

SCKX
(CKP = 1)

SDOX

SDI

SP50

SP40
SP41

SP30,SP31 SP51

SP35

SDIX

MSb LSbBIT14 - - - - - -1

MSb IN BIT14 - - - -1 LSb IN

SP52

SP73SP72

SP72SP73SP71 SP70

Note: Refer to Figure 23-3 for load conditions.
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TABLE 23-39: 12-BIT A/D CONVERSION TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.7V 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 — 334 — ns VDD = 3-5.5V (Note 1)

AD51 tRC A/D Internal RC Oscillator Period 1.2 1.5 1.8 μs —

Conversion Rate

AD55 tCONV Conversion Time — 14 TAD — ns —

AD56 FCNV Throughput Rate — 200 — ksps VDD = VREF = 3-5.5V

AD57 TSAMP Sample Time — 1 TAD — ns VDD = 3-5.5V
Source resistance
Rs = 0-2.5 kΩ

Timing Parameters

AD60 tPCS Conversion Start from Sample 
Trigger

— 1 TAD — ns —

AD61 tPSS Sample Start from Setting
Sample (SAMP) Bit

0.5 TAD — 1.5 
TAD

ns —

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

— 0.5 TAD — ns —

AD63 tDPU 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.
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24.0 PACKAGING INFORMATION

24.1 Package Marking Information

XXXXXXXXXXXX
XXXXXXXXXXXX

YYWWNNN

64-Lead TQFP (14x14x1mm)

dsPIC30F6011
-30I/PF

041444R

Example

XXXXXXXXXXXX
XXXXXXXXXXXX

YYWWNNN

80-Lead TQFP (14x14x1mm)

dsPIC30F6014
-30I/PF

041444R

Example

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
  Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (     )

can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

3e

3e

3e

3e
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NOTES:
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