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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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5.6 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. A programming operation is nominally 2 msec in
duration and the processor stalls (waits) until the oper-
ation is finished. Setting the WR bit (NVMCON<15>)
starts the operation and the WR bit is automatically
cleared when the operation is finished.

5.6.1 PROGRAMMING ALGORITHM FOR 
PROGRAM FLASH

The user can erase or program one row of program
Flash memory at a time. The general process is:

1. Read one row of program Flash (32 instruction
words) and store into data RAM as a data
“image”.

2. Update the data image with the desired new
data.

3. Erase program Flash row.

a) Set up NVMCON register for multi-word,
program Flash, erase, and set WREN bit.

b) Write address of row to be erased into
NVMADRU/NVMDR.

c) Write 0x55 to NVMKEY.

d) Write 0xAA to NVMKEY.

e) Set the WR bit. This begins erase cycle.

f) CPU stalls for the duration of the erase cycle.

g) The WR bit is cleared when erase cycle
ends.

4. Write 32 instruction words of data from data
RAM “image” into the program Flash write
latches.

5. Program 32 instruction words into program
Flash.

a) Set up NVMCON register for multi-word,
program Flash, program, and set WREN
bit.

b) Write 0x55 to NVMKEY.

c) Write 0xAA to NVMKEY.

d) Set the WR bit. This begins program cycle.

e) CPU stalls for duration of the program cycle.

f) The WR bit is cleared by the hardware
when program cycle ends.

6. Repeat steps 1 through 5 as needed to program
desired amount of program Flash memory.

5.6.2 ERASING A ROW OF PROGRAM 
MEMORY

Example 5-1 shows a code sequence that can be used
to erase a row (32 instructions) of program memory.

EXAMPLE 5-1: ERASING A ROW OF PROGRAM MEMORY 

; Setup NVMCON for erase operation, multi word write
; program memory selected, and writes enabled

MOV #0x4041,W0 ;
MOV W0,NVMCON ; Init NVMCON SFR

; Init pointer to row to be ERASED
MOV #tblpage(PROG_ADDR),W0 ; 
MOV W0,NVMADRU ; Initialize PM Page Boundary SFR
MOV #tbloffset(PROG_ADDR),W0 ; Intialize in-page EA[15:0] pointer
MOV W0, NVMADR    ; Initialize NVMADR SFR
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
 2010 Microchip Technology Inc. DS70138G-page 45
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F  1 Bit 0 All Resets

NV 0000 0000 0000 0000

NV uuuu uuuu uuuu uuuu

NV 0000 0000 uuuu uuuu

NV 0000 0000 0000 0000

Le
No
BLE 5-1: NVM REGISTER MAP(1)

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

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

MADR 0762 NVMADR<15:0>

MADRU 0764 — — — — — — — — NVMADR<23:16>

MKEY 0766 — — — — — — — — KEY<7:0>

gend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
te 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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6.3 Writing to the Data EEPROM 

To write an EEPROM data location, the following
sequence must be followed:

1. Erase the data EEPROM word.

a) Select the word, data EEPROM erase and
set the WREN bit in the NVMCON register.

b) Write the address of word to be erased into
NVMADR.

c) Enable the NVM interrupt (optional).

d) Write 0x55 to NVMKEY.

e) Write 0xAA to NVMKEY.

f) Set the WR bit. This begins the erase cycle.

g) Either poll the NVMIF bit or wait for the
NVMIF interrupt.

h) The WR bit is cleared when the erase cycle
ends.

2. Write the data word into data the EEPROM write
latches.

3. Program 1 data word into the data EEPROM.

a) Select the word, data EEPROM program and
set the WREN bit in the NVMCON register.

b) Enable the NVM write done interrupt
(optional).

c) Write 0x55 to NVMKEY.

d) Write 0xAA to NVMKEY.

e) Set the WR bit. This begins the program
cycle.

f) Either poll the NVMIF bit or wait for the
NVM interrupt.

g) The WR bit is cleared when the write cycle
ends.

The write does not initiate if the above sequence is not
exactly followed (write 0x55 to NVMKEY, write 0xAA to
NVMCON, then set WR bit) for each word. It is strongly
recommended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in NVMCON must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution. The WREN bit should be kept clear at all times
except when updating the EEPROM. The WREN bit is
not cleared by hardware.

After a write sequence has been initiated, clearing the
WREN bit does not affect the current write cycle. The
WR bit is inhibited from being set unless the WREN bit
is set. The WREN bit must be set on a previous instruc-
tion. Both WR and WREN cannot be set with the same
instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the Nonvolatile Memory Write
Complete Interrupt Flag bit (NVMIF) is set. The user
may either enable this interrupt or poll this bit. NVMIF
must be cleared by software.    

6.3.1 WRITING A WORD OF DATA 
EEPROM 

Once the user has erased the word to be programmed,
then a table write instruction is used to write one write
latch, as shown in Example 6-4.

6.3.2 WRITING A BLOCK OF DATA 
EEPROM

To write a block of data EEPROM, write to all sixteen
latches first, then set the NVMCON register and
program the block, as shown in Example 6-5.

EXAMPLE 6-4: DATA EEPROM WORD WRITE

; Point to data memory
MOV #LOW_ADDR_WORD,W0 ; Init pointer
MOV #HIGH_ADDR_WORD,W1
MOV W1,TBLPAG
MOV #LOW(WORD),W2 ; Get data
TBLWTL W2,[ W0] ; Write data

; The NVMADR captures last table access address
; Select data EEPROM for 1 word op

MOV #0x4004,W0
MOV W0,NVMCON

    
; Operate key to allow write 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 ; Initiate program sequence

    NOP
    NOP    
; Write cycle will complete in 2mS. CPU is not stalled for the Data Write Cycle
; User can poll WR bit, use NVMIF or Timer IRQ to determine write complete
 2010 Microchip Technology Inc. DS70138G-page 51
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8.1 Interrupt Priority

The user-assignable interrupt priority (IP<2:0>) bits for
each individual interrupt source are located in the
3 LSbs of each nibble within the IPCx register(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. 

Since more than one interrupt request source may be
assigned to a specific user-assigned priority level, a
means is provided to assign priority within a given level.
This method is called “Natural Order Priority” and is
final.

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 8-1 and Table 8-2 list the interrupt numbers,
corresponding interrupt sources and associated vector
numbers for the dsPIC30F3014 and dsPIC30F4013
devices, respectively. 

The ability for the user to assign every interrupt to one
of seven priority levels means that the user can assign
a very high overall priority level to an interrupt with a
low natural order priority. For example, the PLVD (Pro-
grammable 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 8-1: dsPIC30F3014 INTERRUPT 
VECTOR TABLE

Note: The user-assignable 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 – Timer1

4 12 IC2 – Input Capture 2

5 13 OC2 – Output Compare 2

6 14 T2 – Timer2

7 15 T3 – Timer3

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

17-22 25-30 Reserved

23 31 INT2 – External Interrupt 2

24 32 U2RX – UART2 Receiver

25 33 U2TX – UART2 Transmitter

26 34 Reserved

27 35 C1 – Combined IRQ for CAN1

28-41 36-49 Reserved

42 50 LVD – Low-Voltage Detect

43-53 51-61 Reserved

Lowest Natural Order Priority
DS70138G-page 60  2010 Microchip Technology Inc.



dsPIC30F3014/4013
TABLE 8-2: dsPIC30F4013 INTERRUPT 
VECTOR TABLE

8.2 Reset Sequence

A Reset is not a true exception because the interrupt
controller is not involved in the Reset process. The pro-
cessor initializes its registers in response to a Reset
which forces the PC to zero. The processor then begins
program execution at location 0x000000. A GOTO
instruction is stored in the first program memory loca-
tion immediately followed by the address target for the
GOTO instruction. The processor executes the GOTO to
the specified address and then begins operation at the
specified target (start) address.

8.2.1 RESET SOURCES

In addition to external Reset and Power-on Reset
(POR), these sources of error conditions ‘trap’ to the
Reset vector: 

• Watchdog Time-out:
The watchdog has timed out, indicating that the 
processor is no longer executing the correct flow 
of code.

• Uninitialized W Register Trap:
An attempt to use an uninitialized W register as 
an Address Pointer causes a Reset.

• Illegal Instruction Trap:
Attempted execution of any unused opcodes 
results in an illegal instruction trap. Note that a 
fetch of an illegal instruction does not result in an 
illegal instruction trap if that instruction is flushed 
prior to execution due to a flow change.

• Brown-out Reset (BOR):
A momentary dip in the power supply to the 
device has been detected which may result in 
malfunction.

• Trap Lockout:
Occurrence of multiple trap conditions 
simultaneously causes a Reset.

Interrupt 
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 – Timer1

4 12 IC2 – Input Capture 2

5 13 OC2 – Output Compare 2

6 14 T2 V Timer2

7 15 T3 – Timer3

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 – Timer4

22 30 T5 – Timer5

23 31 INT2 – External Interrupt 2

24 32 U2RX – UART2 Receiver

25 33 U2TX – UART2 Transmitter

26 34 Reserved

27 35 C1 – Combined IRQ for CAN1

28-40 36-48 Reserved

41 49 DCI – CODEC Transfer Done

42 50 LVD – Low-Voltage Detect

43-53 51-61 Reserved

Lowest Natural Order Priority
 2010 Microchip Technology Inc. DS70138G-page 61
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N
Bit 1 Bit 0 Reset State

IN R OSCFAIL — 0000 0000 0000 0000 

IN P INT1EP INT0EP 0000 0000 0000 0000

IFS IC1IF INT0IF 0000 0000 0000 0000

IFS — INT1IF 0000 0000 0000 0000

IFS — — 0000 0000 0000 0000

IEC IC1IE INT0IE 0000 0000 0000 0000

IEC — INT1IE 0000 0000 0000 0000

IEC — — 0000 0000 0000 0000

IPC INT0IP<2:0> 0100 0100 0100 0100

IPC IC2IP<2:0> 0100 0100 0100 0100

IPC SPI1IP<2:0> 0100 0100 0100 0100

IPC NVMIP<2:0> 0100 0100 0100 0100

IPC INT1IP<2:0> 0100 0100 0100 0100

IPC — — 0100 0100 0100 0100

IPC U2RXIP<2:0> 0100 0100 0100 0100

IPC — — 0100 0100 0100 0100

IPC — — 0100 0100 0100 0100

IPC — — 0000 0100 0100 0100

IPC — — 0000 0100 0100 0000

Le
No
BLE 8-3: dsPIC30F3014 INTERRUPT CONTROLLER REGISTER MAP(1)

SFR 
ame

ADR 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

TCON1 0080 NSTDIS — — — — OVATE OVBTE COVTE — — — MATHERR ADDRERR STKER

TCON2 0082 ALTIVT DISI — — — — — — — — — — — INT2E

0 0084 CNIF MI2CIF  SI2CIF NVMIF ADIF U1TXIF U1RXIF SPI1IF T3IF T2IF OC2IF IC2IF T1IF OC1IF

1 0086 — — — — C1IF — U2TXIF U2RXIF INT2IF — — — — —

2 0088 — — — — — LVDIF — — — — — — — —

0 008C CNIE MI2CIE SI2CIE NVMIE ADIE U1TXIE U1RXIE SPI1IE T3IE T2IE OC2IE IC2IE T1IE OC1IE

1 008E — — — — C1IE — U2TXIE U2RXIE INT2IE — — — — —

2 0090 — — — — — LVDIE — — — — — — — —

0 0094 — T1IP<2:0> — OC1IP<2:0> — IC1IP<2:0> —

1 0096 — T31P<2:0> — T2IP<2:0> — OC2IP<2:0> —

2 0098 — ADIP<2:0> — U1TXIP<2:0> — U1RXIP<2:0> —

3 009A — CNIP<2:0> — MI2CIP<2:0> — SI2CIP<2:0> —

4 009C — — — — — — — — — — — — —

5 009E — INT2IP<2:0> — — — — — — — — — —

6 00A0 — C1IP<2:0> — — — — — U2TXIP<2:0> —

7 00A2 — — — — — — — — — — — — — —

8 00A4 — — — — — — — — — — — — — —

9 00A6 — — — — — — — — — — — — — —

10 00A8 — — — — — LVDIP<2:0> — DCIIP<2:0> — —

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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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: dsPIC30F3014/4013 UART1 REGISTER MAP(1)

BLE 16-2: dsPIC30F3014/4013 UART2 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

MODE 020C UARTEN — USIDL — — ALTIO — — 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; — = unimplemented bit, read as ‘0’
te 1: Refer to the “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; — = 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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18.3.7 BIT CLOCK GENERATOR

The DCI module has a dedicated 12-bit time base that
produces the bit clock. The bit clock rate (period) is set
by writing a non-zero 12-bit value to the BCG<11:0>
control bits in the DCICON3 SFR. 

When the BCG<11:0> bits are set to zero, the bit clock
is disabled. If the BCG<11:0> bits are set to a non-zero
value, the bit clock generator is enabled. These bits
should be set to ‘0’ and the CSCKD bit set to ‘1’ if the
serial clock for the DCI is received from an external
device.

The formula for the bit clock frequency is given in
Equation 18-2.

EQUATION 18-2: BIT CLOCK FREQUENCY 

The required bit clock frequency is determined by the
system sampling rate and frame size. Typical bit clock
frequencies range from 16x to 512x the converter
sample rate depending on the data converter and the
communication protocol that is used.

To achieve bit clock frequencies associated with
common audio sampling rates, the user needs to select
a crystal frequency that has an ‘even’ binary value.
Examples of such crystal frequencies are listed in
Table 18-1.

TABLE 18-1: DEVICE FREQUENCIES FOR COMMON CODEC CSCK FREQUENCIES

FBCK  =
FCY

2    (BCG + 1)•

FS (kHz) FCSCK/FS FCSCK (MHz)(1) FOSC (MHZ) PLL FCY (MIPS) BCG(2)

8 256 2.048 8.192 4 8.192 1

12 256 3.072 6.144 8 12.288 1

32 32 1.024 8.192 8 16.384 7

44.1 32 1.4112 5.6448 8 11.2896 3

48 64 3.072 6.144 16 24.576 3

Note 1: When the CSCK signal is applied externally (CSCKD = 1), the BCG<11:0> bits have no effect on the 
operation of the DCI module.

2: When the CSCK signal is applied externally (CSCKD = 1), the external clock high and low times must 
meet the device timing requirements. 
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it 2 Bit 1 Bit 0 Reset State

LE BOR POR (Note 2)

— LPOSCEN OSWEN (Note 3)

N2 TUN1 TUN0 0000 0000 0000 0000

— C1MD ADCMD 0000 0000 0000 0000

MD(4) OC2MD OC1MD 0000 0000 0000 0000

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

FPR<4:0>

A<1:0> FWPSB<3:0>

<1:0> — — FPWRT<1:0>

— Reserved(3)

— Reserved(3)

— — Reserved(4) GCP GWRP

— — — ICS<1:0>
TABLE 20-7: SYSTEM INTEGRATION REGISTER MAP(1)

TABLE 20-8: DEVICE CONFIGURATION REGISTER MAP(1)

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

RCON 0740 TRAPR IOPUWR BGST LVDEN LVDL<3:0> EXTR SWR SWDTEN WDTO SLEEP ID

OSCCON 0742 — COSC<2:0> — NOSC<2:0> POST<1:0> LOCK — CF

OSCTUN 0744 — — — — — — — — — — — — TUN3 TU

PMD1 0770 T5MD(4) T4MD(4) T3MD T2MD T1MD — — DCIMD(4) I2CMD U2MD U1MD — SPI1MD

PMD2 0772 IC8MD(4) IC7MD(4) — — — — IC2MD IC1MD — — — — OC4MD(4) OC3

Legend: — = unimplemented bit, read as ‘0’
Note 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

2: Reset state depends on type of Reset.
3: Reset state depends on Configuration bits.
4: These bits are not available in dsPIC30F3014 devices.

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

FOSC F80000 FCKSM<1:0> — — — FOS<2:0> — — —

FWDT F80002 FWDTEN — — — — — — — — — FWPS

FBORPOR F80004 MCLREN — — — — PWMPIN(2) HPOL(2) LPOL(2) BOREN — BORV

FBS F80006 — — Reserved(3) — — — Reserved(3) — — —

FSS F80008 — — Reserved(3) — — Reserved(3) — — —

FGS F8000A — — — — — — — — — — —

FICD F8000C BKBUG COE — — — — — — — — —

Legend: — = unimplemented bit, read as ‘0’
Note 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

2: These bits are reserved (read as ‘1’ and must be programmed as ‘1’).
3: Reserved bits read as ‘1’ and must be programmed as ‘1’.
4: The FGS<2> bit is a read-only copy of the GCP bit (FGS<1>).
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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
instruction. In these cases, the execution takes two
instruction cycles with the additional instruction
cycle(s) executed as a NOP. Notable exceptions are the
BRA (unconditional/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 “16-bit DSC and MCU Pro-
grammer’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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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.
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23.0 ELECTRICAL CHARACTERISTICS

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

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

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

Absolute Maximum Ratings(†) 

Ambient temperature under bias............................................................................................................ .-40°C to +125°C

Storage temperature ..............................................................................................................................  -65°C to +150°C

Voltage on any pin with respect to VSS (except VDD and MCLR) (Note 1) ..................................... -0.3V to (VDD + 0.3V)

Voltage on VDD with respect to VSS .........................................................................................................  -0.3V to +5.5V

Voltage on MCLR with respect to VSS ....................................................................................................... 0V to +13.25V

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin (Note 2)................................................................................................................250 mA

Input clamp current, IIK (VI < 0 or VI > VDD) ..........................................................................................................±20 mA

Output clamp current, IOK (VO < 0 or VO > VDD) ...................................................................................................±20 mA

Maximum output current sunk by any I/O pin..........................................................................................................25 mA

Maximum output current sourced by any I/O pin ....................................................................................................25 mA

Maximum current sunk by all ports .......................................................................................................................200 mA

Maximum current sourced by all ports (Note 2)....................................................................................................200 mA

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

2: Maximum allowable current is a function of device maximum power dissipation. See Table 23-4

    
†NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Note: All peripheral electrical characteristics are specified. For exact peripherals available on specific 
devices, please refer to the dsPIC30F3014/4013 Controller Family table.
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TABLE 23-8: 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 SM bus disabled

DI19 SDA, SCL VSS — 0.8 V SM bus 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 SM bus disabled

DI29 SDA, SCL 2.1 — VDD V SM bus enabled

ICNPU CNXX Pull-up Current(2)

DI30 50 250 400 A VDD = 5V, VPIN = VSS

IIL Input Leakage Current(2,4,5)

DI50 I/O Ports — 0.01 ±1 A VSS  VPIN  VDD,
Pin at high-impedance

DI51 Analog Input Pins — 0.50 — A VSS  VPIN  VDD,
Pin at high-impedance

DI55 MCLR — 0.05 ±5 A VSS VPIN VDD

DI56 OSC1 — 0.05 ±5 A 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 

levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltages.

5: Negative current is defined as current sourced by the pin.
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TABLE 23-14: 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(3)

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
10
10
10

12(4)

12(4)

12(4)

—

—
—
—
—
—
—
—
—
—
—
—
—
—

32.768

4
4

10
10
10

7.5(3)

25
20(4)

20(4)

15(3)

25
25

22.5(3)

—

MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
kHz

RC
XTL
XT
XT with 4x PLL
XT with 8x PLL
XT with 16x PLL
HS
HS/2 with 4x PLL
HS/2 with 8x PLL
HS/2 with 16x PLL
HS/3 with 4x PLL
HS/3 with 8x PLL
HS/3 with 16x PLL
LP

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

OS25 TCY Instruction Cycle Time(2,5) 33 — DC ns See Table 23-16

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(2,6) — — — ns See parameter DO31

OS41 TckF CLKO Fall Time(2,6) — — — 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: Limited by the PLL output frequency range.

4: Limited by the PLL input frequency range.

5: 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.

6: 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 23-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 

TIMER TIMING CHARACTERISTICS       
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Note: Refer to Figure 23-3 for load conditions.
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DS70138G-page 186  2010 Microchip Technology Inc.



dsPIC30F3014/4013
Round Logic................................................................ 22
Write-Back .................................................................. 22

Data Address Space ........................................................... 30
Alignment .................................................................... 32
Alignment (Figure) ...................................................... 32
Effect of Invalid Memory Accesses (Table)................. 32
MCU and DSP (MAC Class) Instructions Example..... 31
Memory Map ............................................................... 30
Near Data Space ........................................................ 33
Software Stack............................................................ 33
Spaces ........................................................................ 32
Width........................................................................... 32

Data Converter Interface (DCI) Module ............................ 121
Data EEPROM Memory ...................................................... 49

Erasing........................................................................ 50
Erasing, Block ............................................................. 50
Erasing, Word ............................................................. 50
Protection Against Spurious Write .............................. 52
Reading....................................................................... 49
Write Verify ................................................................. 52
Writing......................................................................... 51
Writing, Block .............................................................. 51
Writing, Word .............................................................. 51

DC Characteristics ............................................................ 172
BOR .......................................................................... 180
I/O Pin Input Specifications ....................................... 178
I/O Pin Output Specifications .................................... 178
Idle Current (IIDLE) .................................................... 175
LVDL ......................................................................... 179
Operating Current (IDD)............................................. 174
Power-Down Current (IPD) ........................................ 176
Program and EEPROM............................................. 180
Temperature and Voltage Specifications .................. 172

DCI Module
Bit Clock Generator................................................... 125
Buffer Alignment with Data Frames .......................... 127
Buffer Control ............................................................ 121
Buffer Data Alignment ............................................... 121
Buffer Length Control ................................................ 127
COFS Pin.................................................................. 121
CSCK Pin.................................................................. 121
CSDI Pin ................................................................... 121
CSDO Mode Bit ........................................................ 128
CSDO Pin ................................................................. 121
Data Justification Control Bit ..................................... 126
Device Frequencies for Common Codec CSCK Frequen-

cies (Table) ....................................................... 125
Digital Loopback Mode ............................................. 128
Enable....................................................................... 123
Frame Sync Generator ............................................. 123
Frame Sync Mode Control Bits ................................. 123
I/O Pins ..................................................................... 121
Interrupts................................................................... 128
Introduction ............................................................... 121
Master Frame Sync Operation.................................. 123
Operation .................................................................. 123
Operation During CPU Idle Mode ............................. 128
Operation During CPU Sleep Mode.......................... 128
Receive Slot Enable Bits........................................... 126
Receive Status Bits ................................................... 127
Register Map............................................................. 130
Sample Clock Edge Control Bit................................. 126
Slave Frame Sync Operation.................................... 124
Slot Enable Bits Operation with Frame Sync ............ 126
Slot Status Bits.......................................................... 128

Synchronous Data Transfers .................................... 126
Timing Requirements

AC-Link Mode................................................... 195
Multichannel, I2S Modes................................... 193

Transmit Slot Enable Bits ......................................... 126
Transmit Status Bits.................................................. 127
Transmit/Receive Shift Register ............................... 121
Underflow Mode Control Bit...................................... 128
Word-Size Selection Bits .......................................... 123

Development Support ....................................................... 167
Device Configuration

Register Map ............................................................ 158
Device Configuration Registers

FBORPOR................................................................ 156
FGS .......................................................................... 156
FOSC........................................................................ 156
FWDT ....................................................................... 156

Device Overview................................................................. 11
Disabling the UART .......................................................... 105
Divide Support .................................................................... 18

Instructions (Table) ..................................................... 18
DSP Engine ........................................................................ 19

Multiplier ..................................................................... 21
Dual Output Compare Match Mode .................................... 86

Continuous Pulse Mode.............................................. 86
Single Pulse Mode...................................................... 86

E
Electrical Characteristics .................................................. 171

AC............................................................................. 180
DC ............................................................................ 172

Enabling and Setting Up UART
Alternate I/O ............................................................. 105

Enabling and Setting up UART
Setting up Data, Parity and Stop Bit Selections........ 105

Enabling the UART ........................................................... 105
Equations

ADC Conversion Clock ............................................. 133
Baud Rate................................................................. 107
Bit Clock Frequency.................................................. 125
COFSG Period.......................................................... 123
Serial Clock Rate ........................................................ 96
Time Quantum for Clock Generation ........................ 117

Errata .................................................................................... 9
Exception Sequence

Trap Sources .............................................................. 62
External Clock Timing Requirements ............................... 182

Type A Timer ............................................................ 188
Type B Timer ............................................................ 189
Type C Timer ............................................................ 189

External Interrupt Requests ................................................ 64

F
Fast Context Saving ........................................................... 64
Flash Program Memory ...................................................... 43

I
I/0 Ports

Register Map .............................................................. 55
I/O Pin Specifications

Input.......................................................................... 178
Output ....................................................................... 178

I/O Ports.............................................................................. 53
Parallel (PIO) .............................................................. 53

I2C 10-Bit Slave Mode Operation ....................................... 93
Reception ................................................................... 94
DS70138G-page 220  2010 Microchip Technology Inc.



dsPIC30F3014/4013
Sleep......................................................................... 155
Power-up Timer

Timing Requirements................................................ 187
Program Address Space ..................................................... 25

Construction................................................................ 26
Data Access from Program Memory 

Using Program Space Visibility........................... 28
Data Access From Program Memory 

Using Table Instructions ..................................... 27
Data Access from, Address Generation...................... 26
Data Space Window into Operation ............................ 29
Data Table Access (lsw) ............................................. 27
Data Table Access (MSB)........................................... 28
dsPIC30F3014 Memory Map ...................................... 25
dsPIC30F4013 Memory Map ...................................... 25
Table Instructions

TBLRDH.............................................................. 27
TBLRDL .............................................................. 27
TBLWTH ............................................................. 27
TBLWTL.............................................................. 27

Program and EEPROM Characteristics ............................ 180
Program Counter................................................................. 16
Programmable................................................................... 141
Programmer’s Model........................................................... 16

Diagram ...................................................................... 17
Programming Operations .................................................... 45

Algorithm for Program Flash ....................................... 45
Erasing a Row of Program Memory ............................ 45
Initiating the Programming Sequence......................... 46
Loading Write Latches ................................................ 46

Protection Against Accidental Writes to OSCCON ........... 146

R
Reader Response ............................................................. 226
Registers

OSCCON (Oscillator Control) ................................... 147
OSCTUN (Oscillator Tuning) .................................... 149

Reset......................................................................... 141, 151
BOR, Programmable................................................. 153
Brown-out Reset (BOR) ............................................ 141
Oscillator Start-up Timer (OST) ................................ 141
POR

Operating without FSCM and PWRT ................ 153
With Long Crystal Start-up Time....................... 153

POR (Power-on Reset) ............................................. 151
Power-on Reset (POR) ............................................. 141
Power-up Timer (PWRT) .......................................... 141

Reset Sequence.................................................................. 61
Reset Sources ............................................................ 61

Reset Sources
Brown-out Reset (BOR) .............................................. 61
Illegal Instruction Trap................................................. 61
Trap Lockout ............................................................... 61
Uninitialized W Register Trap ..................................... 61
Watchdog Time-out..................................................... 61

Reset Timing Requirements.............................................. 187
Revision History ................................................................ 217
Run-Time Self-Programming (RTSP) ................................. 43

S
Simple Capture Event Mode ............................................... 81

Buffer Operation.......................................................... 82
Hall Sensor Mode ....................................................... 82
Prescaler ..................................................................... 81
Timer2 and Timer3 Selection Mode............................ 82

Simple OCx/PWM Mode Timing Requirements ................ 191

Simple Output Compare Match Mode ................................ 86
Simple PWM Mode ............................................................. 86

Input Pin Fault Protection ........................................... 86
Period ......................................................................... 87

Software Simulator (MPLAB SIM) .................................... 169
Software Stack Pointer, Frame Pointer .............................. 16

CALL Stack Frame ..................................................... 33
SPI Module ......................................................................... 99

Framed SPI Support ................................................. 100
Operating Function Description .................................. 99
Operation During CPU Idle Mode............................. 101
Operation During CPU Sleep Mode.......................... 101
SDOx Disable ............................................................. 99
Slave Select Synchronization ................................... 101
SPI1 Register Map.................................................... 102
Timing Requirements

Master Mode (CKE = 0).................................... 196
Master Mode (CKE = 1).................................... 197
Slave Mode (CKE = 0)...................................... 198
Slave Mode (CKE = 1)...................................... 200

Word and Byte Communication .................................. 99
Status Bits, Their Significance and the Initialization Condition 

for RCON Register, Case 1 ...................................... 154
Status Bits, Their Significance and the Initialization Condition 

for RCON Register, Case 2 ...................................... 154
STATUS Register ............................................................... 16
Symbols Used in Opcode Descriptions ............................ 160
System Integration............................................................ 141

Register Map ............................................................ 158

T
Table Instruction Operation Summary ................................ 43
Temperature and Voltage Specifications

AC............................................................................. 181
DC ............................................................................ 172

Timer1 Module.................................................................... 67
16-Bit Asynchronous Counter Mode........................... 67
16-Bit Synchronous Counter Mode............................. 67
16-Bit Timer Mode ...................................................... 67
Gate Operation ........................................................... 68
Interrupt ...................................................................... 68
Operation During Sleep Mode .................................... 68
Prescaler .................................................................... 68
Real-Time Clock ......................................................... 68

Interrupts ............................................................ 68
Oscillator Operation............................................ 68

Register Map .............................................................. 69
Timer2 and Timer3 Selection Mode.................................... 85
Timer2/3 Module................................................................. 71

16-Bit Timer Mode ...................................................... 71
32-Bit Synchronous Counter Mode............................. 71
32-Bit Timer Mode ...................................................... 71
ADC Event Trigger...................................................... 74
Gate Operation ........................................................... 74
Interrupt ...................................................................... 74
Operation During Sleep Mode .................................... 74
Register Map .............................................................. 75
Timer Prescaler .......................................................... 74

Timer4/5 Module................................................................. 77
Register Map .............................................................. 79

Timing Diagrams
A/D Conversion

Low-Speed (ASAM = 0, SSRC = 000).............. 208
Band Gap Start-up Time........................................... 187
Brown-out Reset Characteristics .............................. 179
CAN Bit ..................................................................... 116
DS70138G-page 222  2010 Microchip Technology Inc.


