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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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dsPIC30F3014/4013
Pin Diagrams (Continued)
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VDD
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C1RX/RF0
C1TX/RF1

U2RX/CN17/RF4
U2TX/CN18/RF5

U1RX/SDI1/SDA/RF2

AN4/IC7/CN6/RB4
AN5/IC8/CN7/RB5
PGC/EMUC/AN6/OCFA/RB6
PGD/EMUD/AN7/RB7
AN8/RB8
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VDD
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RA11 I/O ST PORTA is a bidirectional I/O port.

RB0-RB12 I/O ST PORTB is a bidirectional I/O port.

RC13-RC15 I/O ST PORTC is a bidirectional I/O port.

RD0-RD3, 
RD8, RD9

I/O ST PORTD is a bidirectional I/O port.

RF0-RF5 I/O ST PORTF is a bidirectional I/O port.

SCK1
SDI1
SDO1
SS1

I/O
I
O
I

ST
ST
—
ST

Synchronous serial clock input/output for SPI1.
SPI1 data in.
SPI1 data out.
SPI1 slave synchronization.

SCL
SDA

I/O
I/O

ST
ST

Synchronous serial clock input/output for I2C™.
Synchronous serial data input/output for I2C.

SOSCO
SOSCI

O
I

—
ST/CMOS

32 kHz low-power oscillator crystal output. 
32 kHz low-power oscillator crystal input. ST buffer when configured in RC 
mode; CMOS otherwise.

T1CK
T2CK

I
I

ST
ST

Timer1 external clock input.
Timer2 external clock input.

U1RX
U1TX
U1ARX
U1ATX

I
O
I
O

ST
—
ST
—

UART1 receive.
UART1 transmit.
UART1 alternate receive.
UART1 alternate transmit.

VDD P — Positive supply for logic and I/O pins.

VSS P — Ground reference for logic and I/O pins.

VREF+ I Analog Analog voltage reference (high) input.

VREF- I Analog Analog voltage reference (low) input.

TABLE 1-1: PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Name
Pin

Type
Buffer
Type

Description

Legend: CMOS = CMOS compatible input or output Analog = Analog input 
ST = Schmitt Trigger input with CMOS levels O = Output 
I = Input P = Power
DS70138G-page 14  2010 Microchip Technology Inc.
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3.1.1 DATA ACCESS FROM PROGRAM 
MEMORY USING TABLE 
INSTRUCTIONS

This architecture fetches 24-bit wide program memory.
Consequently, instructions are always aligned.
However, as the architecture is modified Harvard, data
can also be present in program space.

There are two methods by which program space can
be accessed: via special table instructions, or through
the remapping of a 16K word program space page into
the upper half of data space (see Section 3.1.2 “Data
Access from Program Memory Using Program
Space Visibility”). The TBLRDL and TBLWTL instruc-
tions offer a direct method of reading or writing the lsw
of any address within program space, without going
through data space. The TBLRDH and TBLWTH instruc-
tions are the only method whereby the upper 8 bits of a
program space word can be accessed as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses.
Program memory can thus be regarded as two 16-bit
word-wide address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWTL
access the space which contains the least significant
data word, and TBLRDH and TBLWTH access the space
which contains the MS Data Byte.

Figure 3-3 shows how the EA is created for table oper-
ations and data space accesses (PSV = 1). Here,
P<23:0> refers to a program space word, whereas
D<15:0> refers to a data space word.

A set of table instructions are provided to move byte or
word-sized data to and from program space. (See
Figure 3-4 and Figure 3-5.)

1. TBLRDL: Table Read Low
Word: Read the lsw of the program address;
P<15:0> maps to D<15:0>.
Byte: Read one of the LSBs of the program
address;
P<7:0> maps to the destination byte when byte
select = 0;
P<15:8> maps to the destination byte when byte
select = 1.

2. TBLWTL: Table Write Low (refer to Section 5.0
“Flash Program Memory” for details on Flash
programming)

3. TBLRDH: Table Read High
Word: Read the most significant word (msw) of
the program address; P<23:16> maps to D<7:0>;
D<15:8> will always be = 0.
Byte: Read one of the MSBs of the program
address;
P<23:16> maps to the destination byte when
byte select = 0;
The destination byte will always be = 0 when
byte select = 1.

4. TBLWTH: Table Write High (refer to Section 5.0
“Flash Program Memory” for details on Flash
Programming)

FIGURE 3-4: PROGRAM DATA TABLE ACCESS (LEAST SIGNIFICANT WORD)

0816PC Address

0x000000

0x000002

0x000004
0x000006

23
00000000
00000000

00000000
00000000

Program Memory
‘Phantom’ Byte
(read as ‘0’)

TBLRDL.W

TBLRDL.B (Wn<0> = 1)

TBLRDL.B (Wn<0> = 0)
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FIGURE 3-8: DATA SPACE FOR MCU AND DSP (MAC CLASS) INSTRUCTIONS EXAMPLE
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Non-MAC Class Ops (Read/Write) MAC Class Ops (Read)

Indirect EA using any W Indirect EA using W8, W9 Indirect EA using W10, W11

MAC Class Ops (Write)
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6.0 DATA EEPROM MEMORY

The data EEPROM memory is readable and writable
during normal operation over the entire VDD range. The
data EEPROM memory is directly mapped in the
program memory address space.

The four SFRs used to read and write the program
Flash memory are used to access data EEPROM
memory as well. As described in Section 5.5 “Control
Registers”, these registers are:

• NVMCON

• NVMADR

• NVMADRU

• NVMKEY

The EEPROM data memory allows read and write of
single words and 16-word blocks. When interfacing to
data memory, NVMADR, in conjunction with the
NVMADRU register, are used to address the
EEPROM location being accessed. TBLRDL and
TBLWTL instructions are used to read and write data
EEPROM. The dsPIC30F devices have up to 8 Kbytes
(4K words) of data EEPROM with an address range
from 0x7FF000 to 0x7FFFFE.

A word write operation should be preceded by an erase
of the corresponding memory location(s). The write
typically requires 2 ms to complete, but the write time
varies with voltage and temperature.

A program or erase operation on the data EEPROM
does not stop the instruction flow. The user is respon-
sible for waiting for the appropriate duration of time
before initiating another data EEPROM write/erase
operation. Attempting to read the data EEPROM while
a programming or erase operation is in progress results
in unspecified data.

Control bit, WR, initiates write operations similar to
program Flash writes. This bit cannot be cleared, only
set, in software. They are cleared in hardware at the
completion of the write operation. The inability to clear
the WR bit in software prevents the accidental or
premature termination of a write operation.

The WREN bit, when set, allows a write operation. On
power-up, the WREN bit is clear. The WRERR bit is set
when a write operation is interrupted by a MCLR Reset
or a WDT Time-out Reset during normal operation. In
these situations, following Reset, the user can check
the WRERR bit and rewrite the location. The address
register, NVMADR, remains unchanged.

6.1 Reading the Data EEPROM

A TBLRD instruction reads a word at the current
program word address. This example uses W0 as a
pointer to data EEPROM. The result is placed in
register W4 as shown in Example 6-1.    

EXAMPLE 6-1: DATA EEPROM READ

Note: This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
“dsPIC30F Family Reference Manual”
(DS70046). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC Pro-
grammer’s Reference Manual”
(DS70157).

Note: Interrupt flag bit, NVMIF in the IFS0 regis-
ter, is set when the write is complete. It
must be cleared in software.

MOV #LOW_ADDR_WORD,W0 ; Init Pointer
MOV #HIGH_ADDR_WORD,W1
MOV W1,TBLPAG 
TBLRDL [ W0 ], W4 ; read data EEPROM
 2010 Microchip Technology Inc. DS70138G-page 49
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EXAMPLE 6-5: DATA EEPROM BLOCK WRITE  

6.4 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the mem-
ory should be verified against the original value. This
should be used in applications where excessive writes
can stress bits near the specification limit. 

6.5 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared;
also, the Power-up Timer prevents EEPROM write.

The write initiate sequence, and the WREN bit
together, help prevent an accidental write during
brown-out, power glitch or software malfunction.

   MOV #LOW_ADDR_WORD,W0 ; Init pointer
   MOV #HIGH_ADDR_WORD,W1
   MOV W1,TBLPAG
   MOV #data1,W2 ; Get 1st data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data2,W2 ; Get 2nd data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data3,W2 ; Get 3rd data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data4,W2 ; Get 4th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data5,W2 ; Get 5th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data6,W2 ; Get 6th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data7,W2 ; Get 7th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data8,W2 ; Get 8th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data9,W2 ; Get 9th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data10,W2 ; Get 10th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data11,W2 ; Get 11th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data12,W2 ; Get 12th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data13,W2 ; Get 13th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data14,W2 ; Get 14th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data15,W2 ; Get 15th data
   TBLWTL W2,[ W0]++ ; write data
   MOV #data16,W2 ; Get 16th data
   TBLWTL W2,[ W0]++ ; write data. The NVMADR captures last table access address.
   MOV #0x400A,W0 ; Select data EEPROM for multi word op
   MOV W0,NVMCON ; Operate Key to allow program operation

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 write cycle
   NOP
   NOP
DS70138G-page 52  2010 Microchip Technology Inc.
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TA

SF  2 Bit 1 Bit 0 Reset State

TR — — 0000 1000 0000 0000

PO — — 0000 0000 0000 0000

LA — — 0000 0000 0000 0000

TR B2 TRISB1 TRISB0 0001 1111 1111 1111

PO 2 RB1 RB0 0000 0000 0000 0000

LA B2 LATB1 LATB0 0000 0000 0000 0000

TR — — 1110 0000 0000 0000

PO — — 0000 0000 0000 0000

LA — — 0000 0000 0000 0000

TR D2 TRISD1 TRISD0 0000 0011 0000 1111

PO 2 RD1 RD0 0000 0000 0000 0000

LA D2 LATD1 LATD0 0000 0000 0000 0000

TR F2 TRISF1 TRISF0 0000 0000 0111 1111

PO 2 RF1 RF0 0000 0000 0000 0000

LA F2 LATF1 LATF0 0000 0000 0000 0000

Le
No
BLE 7-1: dsPIC30F3014/4013 PORT 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

ISA 02C0 — — — — TRISA11 — — — — — — — — —

RTA 02C2 — — — — RA11 — — — — — — — — —

TA 02C4 — — — — LATA11 — — — — — — — — —

ISB 02C6 — — — TRISB12 TRISB11 TRISB10 TRISB9 TRISB8 TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRIS

RTB 02C8 — — — RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB

TB 02CB — — — LATB12 LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 LATB5 LATB4 LATB3 LAT

ISC 02CC TRISC15 TRISC14 TRISC13 — — — — — — — — — — —

RTC 02CE RC15 RC14 RC13 — — — — — — — — — — —

TC 02D0 LATC15 LATC14 LATC13 — — — — — — — — — — —

ISD 02D2 — — — — — — TRISD9 TRISD8 — — — — TRISD3 TRIS

RTD 02D4 — — — — — — RD9 RD8 — — — — RD3 RD

TD 02D6 — — — — — — LATD9 LATD8 — — — — LATD3 LAT

ISF 02DE — — — — — — — — — TRISF6 TRISF5 TRISF4 TRISF3 TRIS

RTF 02E0 — — — — — — — — — RF6 RF5 RF4 RF3 RF

TF 02E2 — — — — — — — — — LATF6 LATF5 LATF4 LATF3 LAT

gend: — = 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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13.4.2  PWM PERIOD

The PWM period is specified by writing to the PRx
register. The PWM period can be calculated using
Equation 13-1.

EQUATION 13-1:

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

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

• TMRx is cleared.

• The OCx pin is set. 

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

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

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

• The corresponding timer interrupt flag is set.

See Figure 13-2 for key PWM period comparisons.
Timer3 is referred to in Figure 13-2 for clarity.

FIGURE 13-2:  PWM OUTPUT TIMING 

PWM period   = [(PRx) + 1] • 4 • TOSC •
(TMRx prescale value)

Period

Duty Cycle

TMR3 = Duty Cycle TMR3 = Duty Cycle

TMR3 = PR3
T3IF = 1

(Interrupt Flag)
OCxR = OCxRS

TMR3 = PR3

(Interrupt Flag)
OCxR = OCxRS

T3IF = 1

(OCxR) (OCxR)
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FIGURE 16-2: UART RECEIVER BLOCK DIAGRAM

Read

URX8 UxRXREG Low Byte

Load RSR

UxMODE

Receive Buffer Control

– Generate Flags
– Generate Interrupt

UxRXIF

UxRX · Start bit Detect
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– Shift Data Characters

Read ReadWrite Write

to Buffer
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(UxRSR) P
E

R
R

F
E

R
R

· Parity Check
· Stop bit Detect
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· Wake Logic

16Internal Data Bus

1

0

LPBACK

From UxTX

16x Baud Clock from
Baud Rate Generator

or UxARX
if ALTIO = 1
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16.2 Enabling and Setting Up UART

16.2.1 ENABLING THE UART

The UART module is enabled by setting the UARTEN
bit in the UxMODE register (where x = 1 or 2). Once
enabled, the UxTX and UxRX pins are configured as an
output and an input, respectively, overriding the TRIS
and LAT register bit settings for the corresponding   I/O
port pins. The UxTX pin is at logic ‘1’ when no
transmission is taking place.

16.2.2 DISABLING THE UART

The UART module is disabled by clearing the UARTEN
bit in the UxMODE register. This is the default state
after any Reset. If the UART is disabled, all I/O pins
operate as port pins under the control of the LAT and
TRIS bits of the corresponding port pins.

Disabling the UART module resets the buffers to empty
states. Any data characters in the buffers are lost and
the baud rate counter is reset.

All error and status flags associated with the UART
module are reset when the module is disabled. The
URXDA, OERR, FERR, PERR, UTXEN, UTXBRK and
UTXBF bits are cleared, whereas RIDLE and TRMT
are set. Other control bits, including ADDEN,
URXISEL<1:0>, UTXISEL, as well as the UxMODE
and UxBRG registers, are not affected. 

Clearing the UARTEN bit while the UART is active
aborts all pending transmissions and receptions and
resets the module, as defined above. Re-enabling the
UART restarts the UART in the same configuration.

16.2.3 ALTERNATE I/O

The alternate I/O function is enabled by setting the
ALTIO bit (UxMODE<10>). If ALTIO = 1, the UxATX
and UxARX pins (alternate transmit and alternate
receive pins, respectively) are used by the UART mod-
ule instead of the UxTX and UxRX pins. If ALTIO = 0,
the UxTX and UxRX pins are used by the UART
module.

16.2.4 SETTING UP DATA, PARITY AND 
STOP BIT SELECTIONS

Control bits, PDSEL<1:0> in the UxMODE register, are
used to select the data length and parity used in the
transmission. The data length may either be 8 bits with
even, odd or no parity, or 9 bits with no parity. 

The STSEL bit determines whether one or two Stop bits
are used during data transmission.

The default (power-on) setting of the UART is 8 bits, no
parity and 1 Stop bit (typically represented as 8, N, 1).

16.3 Transmitting Data

16.3.1 TRANSMITTING IN 8-BIT DATA 
MODE

The following steps must be performed in order to
transmit 8-bit data:

1. Set up the UART:
First, the data length, parity and number of Stop
bits must be selected. Then, the transmit and
receive interrupt enable and priority bits are set
up in the UxMODE and UxSTA registers. Also,
the appropriate baud rate value must be written
to the UxBRG register.

2. Enable the UART by setting the UARTEN bit
(UxMODE<15>).

3. Set the UTXEN bit (UxSTA<10>), thereby
enabling a transmission.

4. Write the byte to be transmitted to the lower byte
of UxTXREG. The value is transferred to the
Transmit Shift register (UxTSR) immediately,
and the serial bit stream starts shifting out during
the next rising edge of the baud clock. Alterna-
tively, the data byte can be written while UTXEN
= 0, following which, the user can set UTXEN.
This causes the serial bit stream to begin imme-
diately because the baud clock starts from a
cleared state.

5. A transmit interrupt is generated, depending on
the value of the interrupt control bit, UTXISEL
(UxSTA<15>).

16.3.2 TRANSMITTING IN 9-BIT DATA 
MODE

The sequence of steps involved in the transmission of
9-bit data is similar to 8-bit transmission, except that a
16-bit data word (of which the upper 7 bits are always
clear) must be written to the UxTXREG register.

16.3.3 TRANSMIT BUFFER (UXTXB)

The transmit buffer is 9 bits wide and 4 characters
deep. Including the Transmit Shift register (UxTSR),
the user effectively has a 5-deep FIFO (First-In, First-
Out) buffer. The UTXBF status bit (UxSTA<9>)
indicates whether the transmit buffer is full.

If a user attempts to write to a full buffer, the new data
is not accepted into the FIFO, and no data shift occurs
within the buffer. This enables recovery from a buffer
overrun condition. 

The FIFO is reset during any device Reset but is not
affected when the device enters or wakes up from a
power-saving mode.
 2010 Microchip Technology Inc. DS70138G-page 105
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size and Frame Sync generator control bits. A new I2S
data transfer boundary is marked by a high-to-low or a
low-to-high transition edge on the COFS pin.

18.3.6 SLAVE FRAME SYNC OPERATION

When the DCI module is operating as a Frame Sync
slave (COFSD = 1), data transfers are controlled by the
Codec device attached to the DCI module. The
COFSM control bits control how the DCI module
responds to incoming COFS signals.

In the Multichannel mode, a new data frame transfer
begins one CSCK cycle after the COFS pin is sampled
high (see Figure 18-2). The pulse on the COFS pin
resets the Frame Sync generator logic.

In the I2S mode, a new data word is transferred one
CSCK cycle after a low-to-high or a high-to-low transi-
tion is sampled on the COFS pin. A rising or falling
edge on the COFS pin resets the Frame Sync
generator logic.

In the AC-Link mode, the tag slot and subsequent data
slots for the next frame is transferred one CSCK cycle
after the COFS pin is sampled high.

The COFSG and WS bits must be configured to
provide the proper frame length when the module is
operating in the Slave mode. Once a valid Frame Sync
pulse has been sampled by the module on the COFS
pin, an entire data frame transfer takes place. The
module will not respond to further Frame Sync pulses
until the data frame transfer has completed.

FIGURE 18-2: FRAME SYNC TIMING, MULTICHANNEL MODE

FIGURE 18-3: FRAME SYNC TIMING, AC-LINK START-OF-FRAME

FIGURE 18-4: I2S INTERFACE FRAME SYNC TIMING

CSCK

CSDI/CSDO

COFS

MSB LSB
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SYNC
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S12
LSb

S12
bit 1

S12
bit 2

Tag
bit 13

MSB LSB MSB LSB

CSCK

CSDI or CSDO
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Note: A 5-bit transfer is shown here for illustration purposes. The I2S protocol does not specify word length – this
will be system dependent.
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19.0 12-BIT ANALOG-TO-DIGITAL 
CONVERTER (ADC) MODULE

The 12-bit Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 12-bit digital
number. This module is based on a Successive
Approximation Register (SAR) architecture and pro-
vides a maximum sampling rate of 200 ksps. The A/D
module has up to 16 analog inputs which are multi-
plexed into a sample and hold amplifier. The output of
the sample and hold is the input into the converter
which generates the result. The analog reference volt-
age is software selectable to either the device supply
voltage (AVDD/AVSS) or the voltage level on the
(VREF+/VREF-) pin. The A/D converter has a unique
feature of being able to operate while the device is in
Sleep mode with RC oscillator selection.

The A/D module has six 16-bit registers:

• A/D Control Register 1 (ADCON1)

• A/D Control Register 2 (ADCON2)

• A/D Control Register 3 (ADCON3)

• A/D Input Select Register (ADCHS)

• A/D Port Configuration Register (ADPCFG)

• A/D Input Scan Selection Register (ADCSSL)

The ADCON1, ADCON2 and ADCON3 registers
control the operation of the A/D module. The ADCHS
register selects the input channels to be converted. The
ADPCFG register configures the port pins as analog
inputs or as digital I/O. The ADCSSL register selects
inputs for scanning.

The block diagram of the 12-bit A/D module is shown in
Figure 19-1.

FIGURE 19-1: 12-BIT A/D FUNCTIONAL 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).

Note: The SSRC<2:0>, ASAM, SMPI<3:0>,
BUFM and ALTS bits, as well as the
ADCON3 and ADCSSL registers, must
not be written to while ADON = 1. This
would lead to indeterminate results.
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Note: The ADCHS, ADPCFG and ADCSSL registers allow the application to configure AN13-AN15 as analog input
pins. Since these pins are not physically present on the device, conversion results from these pins will read ‘0’.
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20.4.1.1 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, a clock failure trap occurs. The device automat-
ically switches to the FRC oscillator and the user can
switch to the desired crystal oscillator in the trap ISR.

20.4.1.2 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 appears to be in Reset until a
system clock is available.

20.4.2 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 generates a Reset pulse, which resets the
device. The BOR selects the clock source based on the
device Configuration bit values (FOS<2:0> and
FPR<4:0>). 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 s 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 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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22.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers and dsPIC® digital signal
controllers are supported with a full range of software
and hardware development tools:

• Integrated Development Environment

- MPLAB® IDE Software

• Compilers/Assemblers/Linkers

- MPLAB C Compiler for Various Device
Families

- HI-TECH C for Various Device Families

- MPASMTM Assembler

- MPLINKTM Object Linker/
MPLIBTM Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

• Simulators

- MPLAB SIM Software Simulator

• Emulators

- MPLAB REAL ICE™ In-Circuit Emulator

• In-Circuit Debuggers

- MPLAB ICD 3

- PICkit™ 3 Debug Express

• Device Programmers

- PICkit™ 2 Programmer

- MPLAB PM3 Device Programmer

• Low-Cost Demonstration/Development Boards, 
Evaluation Kits, and Starter Kits

22.1 MPLAB Integrated Development 
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16/32-bit
microcontroller market. The MPLAB IDE is a Windows®

operating system-based application that contains:

• A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- In-Circuit Emulator (sold separately)

- In-Circuit Debugger (sold separately)

• A full-featured editor with color-coded context

• A multiple project manager

• Customizable data windows with direct edit of 
contents

• High-level source code debugging

• Mouse over variable inspection

• Drag and drop variables from source to watch 
windows

• Extensive on-line help

• Integration of select third party tools, such as 
IAR C Compilers

The MPLAB IDE allows you to:

• Edit your source files (either C or assembly)

• One-touch compile or assemble, and download to 
emulator and simulator tools (automatically 
updates all project information)

• Debug using:

- Source files (C or assembly)

- Mixed C and assembly

- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
 2010 Microchip Technology Inc. DS70138G-page 167



dsPIC30F3014/4013
�������	
���
��	 !��	"���	#��
$��%	�
 �	�	&�'&�'&	��	����(	)*��	��	� "#
�

��
���
�� ������ �!"�����#�$�%��&"	��'��� �	�(�)"&�'"!&�)���
��&�#�*�&����&�����&���#��	���
�� ,��'%�	!��&��
	��	!��	��
�&�
���@�!�A��'��� �	��
-� ��'��!�
�!������#�.��#
��
&�����"#��'
�#�%��!��
	��	
&	"!�
�!���
�#�%��!��
	��	
&	"!�
�!�!������
&��$���#����1�''���	�!�#��
�� ��'��!�
�������#�&
��	���������	����.�0���1��

2�,3 2�!�����'��!�
���
��
	�&��������$��&� ��"��!�
*��*�&�
"&�&
��	����!�
�.43 ��%�	�������'��!�
�(�"!"�����*�&�
"&�&
��	����(�%
	���%
	'�&�
���"	�
!�!�
����

��
�� 4
	�&���'
!&��"		��&����5����#	�*���!(�����!��!���&������	
��������5�����������%���&�
���
��&�#��&�
�&&�366***�'��	
������
'6���5�����

7��&! ��::��.
.��
��'��!�
��:�'�&! ��8 8;� ��<

8"')�	�
%�:��#! 8 ��
:��#���&�� � ��?��2�,
; �	����9����& � = = ����
�
�#�#����5����
���5��!! �� ���1 ���� ���1
�&��#
%%�� �� ���1 = ���1
4

&�:���&� : ���1 ���� ���1
4

&�	��& :� ������.4
4

&������ � �B -�1B �B
; �	����>�#&� . ������2�,
; �	����:���&� � ������2�,
�
�#�#����5����>�#&� .� ������2�,
�
�#�#����5����:���&� �� ������2�,
:��#�
���5��!! � ���� = ����
:��#�>�#&� ) ��-� ��-� ���1
�
�#��	�%&�������

� � ��B ��B �-B
�
�#��	�%&�������2
&&
' � ��B ��B �-B

A

E

E1

D
D1

e

b

NOTE 1
NOTE 2

N

1 2 3

c

A1
L

A2
L1

α

φ

β

���	
���� 
����
�
�� �	�*��� ,������2
 2010 Microchip Technology Inc. DS70138G-page 213



dsPIC30F3014/4013
APPENDIX A: REVISION HISTORY

Revision D (June 2006)

Previous versions of this data sheet contained
Advance or Preliminary Information. They were
distributed with incomplete characterization data.

This revision reflects these changes:

• Revised I2C Slave Addresses 
(see Table 14-1)

• Updated example for ADC Conversion Clock 
selection (see Section 19.0 “12-bit Analog-to-
Digital Converter (ADC) Module”)

• Base instruction CP1 eliminated from instruction 
set (seeTable 21-2)

• Revised electrical characteristics:

- Operating Current (IDD) Specifications 
(see Table 23-5)

- Idle Current (IIDLE) Specifications
(see Table 23-6)

- Power-down Current (IPD) Specifications
(see Table 23-7)

- I/O pin Input Specifications 
(see Table 23-8)

- Brown Out Reset (BOR) Specifications 
(see Table 23-11)

- Watchdog Timer time-out limits 
(see Table 23-20)

Revision E (January 2007)

This revision includes updates to the packaging 
diagrams.

Revision F (April 2008)

This revision reflects these updates:

• Added FUSE Configuration Register (FICD) 
details (see Section 20.8 “Device Configuration 
Registers” and Table 20-8)

• Added Note 2 in Device Configuration Registers 
table (Table 20-8)

• Removed erroneous statement regarding genera-
tion of CAN receive errors (see Section 17.4.5 
“Receive Errors”)

• Updated ADC Conversion Clock and Sampling 
Rate Calculation (see Example 19-1). Minimum 
TAD is 334 nsec.

• Updated details related to the Input Change 
Notification module:

- Updated last sentence in the first paragraph 
of Section 7.3 “Input Change Notification 
Module”

- Updated Table 7-2

- Removed Table 7-3, Table 7-4, and Table 7-5

• Electrical Specifications:

- Resolved TBD values for parameters DO10, 
DO16, DO20, and DO26 (see Table 23-9)

- 10-bit High-Speed ADC tPDU timing parame-
ter (time to stabilize) has been updated from 
20 µs typical to 20 µs maximum (see 
Table 23-38)

- Parameter OS65 (Internal RC Accuracy) has 
been expanded to reflect multiple Min and 
Max values for different temperatures (see 
Table 23-18)

- Parameter DC12 (RAM Data Retention Volt-
age) has been updated to include a Min value 
(see Table 23-4)

- Parameter D134 (Erase/Write Cycle Time) 
has been updated to include Min and Max 
values and the Typ value has been removed 
(see Table 23-12)

- Removed parameters OS62 (Internal FRC 
Jitter) and OS64 (Internal FRC Drift) and 
Note 2 from AC Characteristics (see 
Table 23-17)

- Parameter OS63 (Internal FRC Accuracy) 
has been expanded to reflect multiple Min 
and Max values for different temperatures 
(see Table 23-17)

- Removed parameters DC27a, DC27b, 
DC47a, and DC47b (references to IDD, 
20 MIPs @ 3.3V) in Table 23-5 and 
Table 23-6

- Removed parameters CS77 and CS78 
(references to TRACL and TFACL @ 3.3V) in 
Table 23-29

- Updated Min and Max values and Conditions 
for parameter SY11 and updated Min, Typ, 
and Max values and Conditions for 
parameter SY20 (see Table 23-20)

• Additional minor corrections throughout the 
document
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