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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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dsPIC30F6011A/6012A/6013A/6014A

dsPIC30F6011A/6012A/6013A/6014A High-Performance
Digital Signal Controllers
High-Performance Modified RISC CPU:

• Modified Harvard architecture

• C compiler optimized instruction set architecture
• Flexible addressing modes
• 84 base instructions

• 24-bit wide instructions, 16-bit wide data path
• Up to 144 Kbytes on-chip Flash program space
• Up to 48K instruction words

• Up to 8 Kbytes of on-chip data RAM
• Up to 4 Kbytes of nonvolatile data EEPROM 
• 16 x 16-bit working register array

• Up to 30 MIPs operation:
- DC to 40 MHz external clock input
- 4 MHz-10 MHz oscillator input with PLL 

active (4x, 8x, 16x)
• Up to 41 interrupt sources: 

- 8 user selectable priority levels
- 5 external interrupt sources
- 4 processor traps

DSP Features:

• Dual data fetch

• Modulo and Bit-Reversed modes
• Two 40-bit wide accumulators with optional 

saturation logic
• 17-bit x 17-bit single-cycle hardware fractional/

integer multiplier
• All DSP instructions are single cycle

- Multiply-Accumulate (MAC) operation

• Single-cycle ±16 shift

Peripheral Features:

• High-current sink/source I/O pins: 25 mA/25 mA
• Five 16-bit timers/counters; optionally pair up 

16-bit timers into 32-bit timer modules
• 16-bit Capture input functions
• 16-bit Compare/PWM output functions:

• Data Converter Interface (DCI) supports common 
audio Codec protocols, including I2S and AC’97

• 3-wire SPI™ modules (supports 4 Frame modes)
• I2C™ module supports Multi-Master/Slave mode 

and 7-bit/10-bit addressing
• Two addressable UART modules with FIFO 

buffers
• Two CAN bus modules compliant with CAN 2.0B 

standard

Analog Features:

• 12-bit Analog-to-Digital Converter (ADC) with:
- 200 Ksps conversion rate
- Up to 16 input channels

- Conversion available during Sleep and Idle
• Programmable Low-Voltage Detection (PLVD)
• Programmable Brown-out Detection and Reset 

generation

Special Microcontroller Features:

• Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for 

industrial temperature range, 100K (typical)
• Data EEPROM memory:

- 100,000 erase/write cycle (min.) for 
industrial temperature range, 1M (typical)

• Self-reprogrammable under software control
• Power-on Reset (POR), Power-up Timer (PWRT) 

and Oscillator Start-up Timer (OST)
• Flexible Watchdog Timer (WDT) with on-chip 

low-power RC oscillator for reliable operation

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 dsPIC30F
Programmer’s Reference Manual (DS70030).
© 2005 Microchip Technology Inc. Preliminary DS70143B-page 1
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2.4.1 MULTIPLIER

The 17 x 17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the mul-
tiplier input value. The output of the 17 x 17-bit multi-
plier/scaler is a 33-bit value which is sign-extended to
40 bits. Integer data is inherently represented as a
signed two’s complement value, where the MSB is
defined as a sign bit. Generally speaking, the range of
an N-bit two’s complement integer is -2N-1 to 2N-1 – 1.
For a 16-bit integer, the data range is -32768 (0x8000)
to 32767 (0x7FFF) including ‘0’. For a 32-bit integer,
the data range is -2,147,483,648 (0x8000 0000) to
2,147,483,647 (0x7FFF FFFF).

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

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

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

2.4.2 DATA ACCUMULATORS AND 
ADDER/SUBTRACTER

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

2.4.2.1 Adder/Subtracter, Overflow and 
Saturation

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

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

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

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

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

1. OA:
AccA overflowed into guard bits 

2. OB: 
AccB overflowed into guard bits

3. SA:
AccA saturated (bit 31 overflow and saturation)
or
AccA overflowed into guard bits and saturated
(bit 39 overflow and saturation)

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

5. OAB:
Logical OR of OA and OB

6. SAB:
Logical OR of SA and SB

The OA and OB bits are modified each time data
passes through the adder/subtracter. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
The OA and OB bits can also optionally generate an
arithmetic warning trap when set and the correspond-
ing overflow trap flag enable bit (OVATEN, OVBTEN) in
the INTCON1 register (refer to Section 5.0 “Inter-
rupts”) is set. This allows the user to take immediate
action, for example, to correct system gain. 
© 2005 Microchip Technology Inc. Preliminary DS70143B-page 21
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TABLE 3-1: PROGRAM SPACE ADDRESS CONSTRUCTION

FIGURE 3-3: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION

Access Type
Access
Space

Program Space Address

<23> <22:16> <15> <14:1> <0>

Instruction Access User 0 PC<22:1> 0

TBLRD/TBLWT User 
(TBLPAG<7> = 0)

TBLPAG<7:0> Data EA<15:0>

TBLRD/TBLWT Configuration 
(TBLPAG<7> = 1)

TBLPAG<7:0> Data EA<15:0>

Program Space Visibility User 0 PSVPAG<7:0> Data EA<14:0>

0Program Counter

23 bits

1

PSVPAG Reg

8 bits

EA

15 bits

Program

Using

Select

TBLPAG Reg

8 bits

EA

16 bits

Using

Byte24-bit EA

0

0

1/0

Select

User/
Configuration

Table
Instruction

Program
Space

Counter

Using

Space
Select

Visibility

Note: Program space visibility cannot be used to access bits <23:16> of a word in program memory. 
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FIGURE 3-8: DATA SPACE MEMORY MAP FOR dsPIC30F6012A/6014A 

0x0000

0x07FE

0x17FE

0xFFFE

LSB
Address16 bits

LSBMSB

MSB
Address

0x0001

0x07FF

0x17FF

0xFFFF

0x8001 0x8000

Optionally
Mapped
into Program
Memory

0x27FF 0x27FE

0x28000x2801

0x0801 0x0800

0x1801 0x1800

Near
Data

0x1FFE 0x1FFF

2 Kbyte
SFR Space

8 Kbyte

SRAM Space

8 Kbyte

Space

SFR Space

X Data RAM (X)

X Data 
Unimplemented (X)

Y Data RAM (Y)
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5. Execution of a “BRA #literal” instruction or a
“GOTO #literal” instruction, where literal
is an unimplemented program memory address.

6. Executing instructions after modifying the PC to
point to unimplemented program memory
addresses. The PC may be modified by loading
a value into the stack and executing a RETURN
instruction.

Stack Error Trap:

This trap is initiated under the following conditions:

1. The Stack Pointer is loaded with a value which
is greater than the (user programmable) limit
value written into the SPLIM register (stack
overflow).

2. The Stack Pointer is loaded with a value which
is less than 0x0800 (simple stack underflow).

Oscillator Fail Trap:

This trap is initiated if the external oscillator fails and
operation becomes reliant on an internal RC backup.

5.3.2 HARD AND SOFT TRAPS

It is possible that multiple traps can become active
within the same cycle (e.g., a misaligned word stack
write to an overflowed address). In such a case, the
fixed priority shown in Figure 5-1 is implemented,
which may require the user to check if other traps are
pending in order to completely correct the fault.

‘Soft’ traps include exceptions of priority level 8 through
level 11, inclusive. The arithmetic error trap (level 11)
falls into this category of traps.

‘Hard’ traps include exceptions of priority level 12
through level 15, inclusive. The address error (level
12), stack error (level 13) and oscillator error (level 14)
traps fall into this category.

Each hard trap that occurs must be Acknowledged
before code execution of any type may continue. If a
lower priority hard trap occurs while a higher priority
trap is pending, Acknowledged, or is being processed,
a hard trap conflict will occur.

The device is automatically reset in a hard trap conflict
condition. The TRAPR status bit (RCON<15>) is set
when the Reset occurs so that the condition may be
detected in software.

FIGURE 5-1: TRAP VECTORS 

5.4 Interrupt Sequence

All interrupt event flags are sampled in the beginning of
each instruction cycle by the IFSx registers. A pending
Interrupt Request (IRQ) is indicated by the flag bit
being equal to a ‘1’ in an IFSx register. The IRQ will
cause an interrupt to occur if the corresponding bit in
the Interrupt Enable (IECx) register is set. For the
remainder of the instruction cycle, the priorities of all
pending interrupt requests are evaluated. 

If there is a pending IRQ with a priority level greater
than the current processor priority level in the IPL bits,
the processor will be interrupted.

The processor then stacks the current Program
Counter and the low byte of the processor STATUS
register (SRL), as shown in Figure 5-2. The low byte of
the STATUS register contains the processor priority
level at the time prior to the beginning of the interrupt
cycle. The processor then loads the priority level for
this interrupt into the STATUS register. This action will
disable all lower priority interrupts until the completion
of the Interrupt Service Routine.

Stack Error Trap Vector

Oscillator Fail Trap Vector
Address Error Trap Vector

Reserved Vector
Math Error Trap Vector

Reserved

Oscillator Fail Trap Vector
Address Error Trap Vector

Reserved Vector
Reserved Vector
Interrupt 0 Vector
Interrupt 1 Vector

~
~
~

Interrupt 52 Vector
Interrupt 53 Vector

Math Error Trap Vector

D
ec

re
as

in
g

P
rio

rit
y

0x000000

0x000014

Reserved

Stack Error Trap Vector

Reserved Vector
Reserved Vector
Interrupt 0 Vector
Interrupt 1 Vector

~
~
~

Interrupt 52 Vector
Interrupt 53 Vector

IVT

AIVT

0x000080
0x00007E

0x0000FE

Reserved

0x000094

Reset - GOTO Instruction
Reset - GOTO Address 0x000002

Reserved
0x000082
0x000084

0x000004

Reserved Vector
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FIGURE 5-2: INTERRUPT STACK 
FRAME   

The RETFIE (return from interrupt) instruction will
unstack the Program Counter and STATUS registers to
return the processor to its state prior to the interrupt
sequence. 

5.5 Alternate Vector Table

In program memory, the Interrupt Vector Table (IVT) is
followed by the Alternate Interrupt Vector Table (AIVT),
as shown in Table 5-1. Access to the alternate vector
table is provided by the ALTIVT bit in the INTCON2 reg-
ister. If the ALTIVT bit is set, all interrupt and exception
processes will use the alternate vectors instead of the
default vectors. The alternate vectors are organized in
the same manner as the default vectors. The AIVT sup-
ports emulation and debugging efforts by providing a
means to switch between an application and a support
environment without requiring the interrupt vectors to
be reprogrammed. This feature also enables switching
between applications for evaluation of different
software algorithms at run time.

If the AIVT is not required, the program memory allo-
cated to the AIVT may be used for other purposes.
AIVT is not a protected section and may be freely
programmed by the user.

5.6 Fast Context Saving
A context saving option is available using shadow reg-
isters. Shadow registers are provided for the DC, N,
OV, Z and C bits in SR, and the registers W0 through
W3. The shadows are only one level deep. The shadow
registers are accessible using the PUSH.S and POP.S
instructions only. 

When the processor vectors to an interrupt, the
PUSH.S instruction can be used to store the current
value of the aforementioned registers into their
respective shadow registers. 

If an ISR of a certain priority uses the PUSH.S and
POP.S instructions for fast context saving, then a
higher priority ISR should not include the same instruc-
tions. Users must save the key registers in software
during a lower priority interrupt if the higher priority ISR
uses fast context saving.

5.7 External Interrupt Requests

The interrupt controller supports up to five external
interrupt request signals, INT0-INT4. These inputs are
edge sensitive; they require a low-to-high or a high-to-
low transition to generate an interrupt request. The
INTCON2 register has five bits, INT0EP-INT4EP, that
select the polarity of the edge detection circuitry.

5.8 Wake-up from Sleep and Idle

The interrupt controller may be used to wake-up the
processor from either Sleep or Idle modes, if Sleep or
Idle mode is active when the interrupt is generated.

If an enabled interrupt request of sufficient priority is
received by the interrupt controller, then the standard
interrupt request is presented to the processor. At the
same time, the processor will wake-up from Sleep or
Idle and begin execution of the Interrupt Service
Routine (ISR) needed to process the interrupt request.

Note 1: The user can always lower the priority
level by writing a new value into SR. The
Interrupt Service Routine must clear the
interrupt flag bits in the IFSx register
before lowering the processor interrupt
priority, in order to avoid recursive
interrupts.

2: The IPL3 bit (CORCON<3>) is always
clear when interrupts are being pro-
cessed. It is set only during execution of
traps.

<Free Word>

015

W15 (before CALL)

W15 (after CALL)

S
ta

ck
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ro
w

s 
To

w
ar

ds
H

ig
he

r 
A

dd
re

ss
0x0000

          PC<15:0>
 SRL  IPL3  PC<22:16>

POP : [--W15]

PUSH: [W15++]
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TA

N

SF Bit 1 Bit 0 Reset State

TM uuuu uuuu uuuu uuuu

TM uuuu uuuu uuuu uuuu

TM uuuu uuuu uuuu uuuu

PR 1111 1111 1111 1111

PR 1111 1111 1111 1111

T2 TCS — 0000 0000 0000 0000

T3 TCS — 0000 0000 0000 0000

Le
BLE 10-1: TIMER2/3 REGISTER MAP

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

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

R2 0106 Timer2 Register

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

R3 010A Timer3 Register

2 010C Period Register 2

3 010E Period Register 3

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

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

gend: u = uninitialized bit
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TA

N

S t 2 Bit 1 Bit 0 Reset State

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

IC uuuu uuuu uuuu uuuu

IC ICM<2:0> 0000 0000 0000 0000

Le
BLE 12-1: INPUT CAPTURE REGISTER MAP

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

FR 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 Bi

1BUF 0140 Input 1 Capture Register

1CON 0142 — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

2BUF 0144 Input 2 Capture Register

2CON 0146 — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

3BUF 0148 Input 3 Capture Register

3CON 014A — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

4BUF 014C Input 4 Capture Register

4CON 014E — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

5BUF 0150 Input 5 Capture Register

5CON 0152 — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

6BUF 0154 Input 6 Capture Register

6CON 0156 — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

7BUF 0158 Input 7 Capture Register

7CON 015A — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

8BUF 015C Input 8 Capture Register

8CON 015E — — ICSIDL — — — — — ICTMR ICI<1:0> ICOV ICBNE

gend: u = uninitialized bit
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Bit 2 Bit 1 Bit 0 Reset State

— SPITBF SPIRBF 0000 0000 0000 0000

SPRE0 PPRE1 PPRE0 0000 0000 0000 0000

0000 0000 0000 0000

Bit 2 Bit 1 Bit 0 Reset State

— SPITBF SPIRBF 0000 0000 0000 0000

SPRE0 PPRE1 PPRE0 0000 0000 0000 0000

0000 0000 0000 0000
TABLE 14-1: SPI1 REGISTER MAP

TABLE 14-2: SPI2 REGISTER MAP

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

SPI1STAT 0220 SPIEN — SPISIDL — — — — — — SPIROV — — —

SPI1CON 0222 — FRMEN SPIFSD — DISSDO MODE16 SMP CKE SSEN CKP MSTEN SPRE2 SPRE1

SPI1BUF 0224 Transmit and Receive Buffer

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

SPI2STAT 0226 SPIEN — SPISIDL — — — — — — SPIROV — — —

SPI2CON 0228 — FRMEN SPIFSD — DISSDO MODE16 SMP CKE SSEN CKP MSTEN SPRE2 SPRE1

SPI2BUF 022A Transmit and Receive Buffer
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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 DCICON2 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 ADC 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.
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TA

N

Bit 1 Bit 0 Reset State

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD 0000 uuuu uuuu uuuu

AD SAMP DONE 0000 0000 0000 0000

AD BUFM ALTS 0000 0000 0000 0000

AD 0000 0000 0000 0000

AD 0SA<3:0> 0000 0000 0000 0000

AD 2 PCFG1 PCFG0 0000 0000 0000 0000

AD 2 CSSL1 CSSL0 0000 0000 0000 0000

Le
BLE 19-2: ADC REGISTER MAP

ote: 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 2

CBUF0 0280 — — — — ADC Data Buffer 0

CBUF1 0282 — — — — ADC Data Buffer 1

CBUF2 0284 — — — — ADC Data Buffer 2

CBUF3 0286 — — — — ADC Data Buffer 3

CBUF4 0288 — — — — ADC Data Buffer 4

CBUF5 028A — — — — ADC Data Buffer 5

CBUF6 028C — — — — ADC Data Buffer 6

CBUF7 028E — — — — ADC Data Buffer 7

CBUF8 0290 — — — — ADC Data Buffer 8

CBUF9 0292 — — — — ADC Data Buffer 9

CBUFA 0294 — — — — ADC Data Buffer 10

CBUFB 0296 — — — — ADC Data Buffer 11

CBUFC 0298 — — — — ADC Data Buffer 12

CBUFD 029A — — — — ADC Data Buffer 13

CBUFE 029C — — — — ADC Data Buffer 14

CBUFF 029E — — — — ADC Data Buffer 15

CON1 02A0 ADON — ADSIDL — — — FORM<1:0> SSRC<2:0> — — ASAM

CON2  02A2 VCFG<2:0> — — CSCNA — — BUFS — SMPI<3:0>

CON3 02A4 — — — SAMC<4:0> ADRC — ADCS<5:0>

CHS 02A6 — — — CH0NB CH0SB<3:0> — — — CH0NA CH

PCFG 02A8 PCFG15 PCFG14 PCFG13 PCFG12 PCFG11 PCFG10 PCFG9 PCFG8 PCFG7 PCFG6 PCFG5 PCFG4 PCFG3 PCFG

CSSL 02AA CSSL15 CSSL14 CSSL13 CSSL12 CSSL11 CSSL10 CSSL9 CSSL8 CSSL7 CSSL6 CSSL5 CSSL4 CSSL3 CSSL

gend: u = uninitialized bit
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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: Dedicated supervisory devices, such as
the MCP1XX and MCP8XX, may also be
used as an external Power-on Reset
circuit.

Note 1: External Power-on Reset circuit is
required only if the VDD power-up slope
is too slow. The diode D helps discharge
the capacitor quickly when VDD powers
down.

2: R should be suitably chosen so as to
make sure that the voltage drop across
R does not violate the device’s electrical
specification.

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

C

R1
RD

VDD

dsPIC30F

MCLR
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21.0 INSTRUCTION SET SUMMARY

The dsPIC30F instruction set adds many
enhancements to the previous PICmicro MCU instruc-
tion sets, while maintaining an easy migration from
PICmicro MCU instruction sets. 

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

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

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

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

• DSP operations
• Control operations

Table 21-1 shows the general symbols used in
describing the instructions. 

The dsPIC30F instruction set summary in Table 21-2
lists all the instructions, along with the status flags
affected by each instruction. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

• The second source operand which is a literal 
value

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

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

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

• The W registers to be used as the two operands
• The X and Y address space prefetch operations
• The X and Y address space prefetch destinations

• The accumulator write back destination

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

• The accumulator to be used (required)

• The source or destination operand (designated as 
Wso or Wdo, respectively) with or without an 
address modifier 

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

The control instructions may use some of the following
operands:

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

instructions 

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 dsPIC30F
Programmer’s Reference Manual (DS70030).
© 2005 Microchip Technology Inc. Preliminary DS70143B-page 163
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DC25 — — mA -40°C

3.3V

8 MIPS 

DC25a 23 — mA 25°C

DC25b — — mA 85°C

DC25c — — mA 125°C

DC25d — — mA -40°C

5V
DC25e 41 — mA 25°C

DC25f — — mA 85°C

DC25g — — mA 125°C

DC24 — — mA -40°C

3.3V

10 MIPS

DC24a 29 — mA 25°C

DC24b — — mA 85°C

DC24c — — mA 125°C

DC24d — — mA -40°C

5V
DC24e 50 — mA 25°C

DC24f — — mA 85°C

DC24g — — mA 125°C

DC28 — — mA -40°C

3.3V

16 MIPS

DC28a 42 — mA 25°C

DC28b — — mA 85°C

DC28c — — mA -40°C

5V
DC28d 76 — mA 25°C

DC28e — — mA 85°C

DC28f — — mA 125°C

DC27 — — mA -40°C

3.3V

20 MIPS

DC27a 50 — mA 25°C

DC27b — — mA 85°C

DC27c — — mA -40°C

5V
DC27d 90 — mA 25°C

DC27e — — mA 85°C

DC27f — — mA 125°C

TABLE 23-5: DC CHARACTERISTICS: OPERATING CURRENT (IDD)  (CONTINUED)     

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 

Parameter 
No.

Typical(1) Max Units Conditions 

Operating Current (IDD)(2)

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

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O 
pin loading and switching rate, oscillator type, internal code execution pattern and temperature also have 
an impact on the current consumption. The test conditions for all IDD measurements are as follows: OSC1 
driven with external square wave from rail to rail. All I/O pins are configured as inputs and pulled to VDD. 
MCLR = VDD, WDT, FSCM and BOR are disabled. CPU, SRAM, program memory and data memory are 
operational. No peripheral modules are operating.
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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 TBD — TBD V SM bus disabled

DI19 SDA, SCL TBD — TBD 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 TBD — TBD V SM bus disabled

DI29 SDA, SCL TBD — TBD V SM bus enabled

ICNPU CNXX Pull-up Current(2)

DI30 50 250 400 μA VDD = 5V, VPIN = VSS

DI31 TBD TBD TBD μA VDD = 3V, VPIN = VSS

IIL Input Leakage Current(2)(4)(5)

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

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

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

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

Legend: TBD = To Be Determined
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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FIGURE 23-17: SPI™ MODULE SLAVE MODE (CKE = 1) TIMING CHARACTERISTICS     

SP51 TssH2doZ SSX↑ to SDOX Output
High-impedance(3)

10 — 50 ns —

SP52 TscH2ssH
TscL2ssH

SSX after SCK Edge 1.5 TCY + 
40

— — ns —

TABLE 23-33:  SPI™ MODULE SLAVE MODE (CKE = 0) TIMING REQUIREMENTS (CONTINUED)

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

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: Assumes 50 pF load on all SPI™ pins.

SSX

SCKX

(CKP = 0)

SCKX

(CKP = 1)

SDOX

SDI

SP50

SP60

SDIX

SP30,SP31

MSb BIT14 - - - - - -1 LSb

SP51

MSb IN BIT14 - - - -1 LSb IN

SP35

SP52

SP52

SP73SP72

SP72SP73SP71 SP70

SP40
SP41

Note: Refer to Figure 23-3 for load conditions.
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FIGURE 23-20: I2C™ BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)     

FIGURE 23-21: I2C™ BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)   

IS31 IS34
SCL

SDA

Start
Condition

Stop
Condition

IS30 IS33

IS30
IS31 IS33

IS11

IS10

IS20

IS26
IS25

IS40 IS40 IS45

IS21

SCL

SDA
In

SDA
Out
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C.6 Device Packages

The dsPIC30F6011A/6012A/6013A/6014A devices are
offered in the following TQFP packages: 

dsPIC30F6011A/6012A: 

• 64-pin TQFP 10x10x1mm (new designs)
• 64-pin TQFP 14x14x1mm (migration support)

dsPIC30F6013A/6014A: 

• 80-pin TQFP 12x12x1mm (new designs)

• 80-pin TQFP 14x14x1mm (migration support)

Refer to Section 24.0 "Packaging Information" for
details on these packages.
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