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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
2.0 CPU ARCHITECTURE 
OVERVIEW

2.1 Core Overview
This section contains a brief overview of the CPU
architecture of the dsPIC30F. For additional hard-
ware and programming information, please refer to
the “dsPIC30F Family Reference Manual” (DS70046)
and the “16-bit MCU and DSC Programmer’s
Reference Manual” (DS70157), respectively.

The core has a 24-bit instruction word. The Program
Counter (PC) is 23-bits wide with the Least Significant
bit (LSb) always clear (refer to Section 3.1 “Program
Address Space”), and the Most Significant bit (MSb)
is ignored during normal program execution, except for
certain specialized instructions. Thus, the PC can
address up to 4M instruction words of user program
space. An instruction prefetch mechanism is used to
help maintain throughput. Program loop constructs,
free from loop count management overhead, are sup-
ported using the DO and REPEAT instructions, both of
which are interruptible at any point.

The working register array consists of 16 x 16-bit regis-
ters, each of which can act as data, address or offset
registers. One working register (W15) operates as a
software Stack Pointer for interrupts and calls.

The data space is 64 Kbytes (32K words) and is split
into two blocks, referred to as X and Y data memory.
Each block has its own independent Address Genera-
tion Unit (AGU). Most instructions operate solely
through the X memory, AGU, which provides the
appearance of a single unified data space. The
Multiply-Accumulate (MAC) class of dual source DSP
instructions operate through both the X and Y AGUs,
splitting the data address space into two parts (see
Section 3.2 “Data Address Space”). The X and Y
data space boundary is device specific and cannot be
altered by the user. Each data word consists of 2 bytes,
and most instructions can address data either as words
or bytes.

There are two methods of accessing data stored in
program memory:

• The upper 32 Kbytes of data space memory can 
be mapped into the lower half (user space) of pro-
gram space at any 16K program word boundary, 
defined by the 8-bit Program Space Visibility Page 
(PSVPAG) register. This lets any instruction 
access program space as if it were data space, 
with a limitation that the access requires an addi-
tional cycle. Moreover, only the lower 16 bits of 
each instruction word can be accessed using this 
method. 

• Linear indirect access of 32K word pages within 
program space is also possible using any working 
register, via table read and write instructions. 
Table read and write instructions can be used to 
access all 24 bits of an instruction word.

Overhead-free circular buffers (Modulo Addressing)
are supported in both X and Y address spaces. This is
primarily intended to remove the loop overhead for
DSP algorithms.

The X AGU also supports Bit-Reversed Addressing on
destination effective addresses to greatly simplify input
or output data reordering for radix-2 FFT algorithms.
Refer to Section 4.0 “Address Generator Units” for
details on modulo and Bit-Reversed Addressing.

The core supports Inherent (no operand), Relative,
Literal, Memory Direct, Register Direct, Register
Indirect, Register Offset and Literal Offset Addressing
modes. Instructions are associated with predefined
addressing modes, depending upon their functional
requirements.

For most instructions, the core is capable of executing
a data (or program data) memory read, a working reg-
ister (data) read, a data memory write and a program
(instruction) memory read per instruction cycle. As a
result, 3-operand instructions are supported, allowing
C = A + B operations to be executed in a single cycle.

A DSP engine has been included to significantly
enhance the core arithmetic capability and throughput.
It features a high-speed 17-bit by 17-bit multiplier, a
40-bit ALU, two 40-bit saturating accumulators and a
40-bit bidirectional barrel shifter. Data in the accumula-
tor or any working register can be shifted up to 16 bits
right, or 16 bits left in a single cycle. The DSP instruc-
tions operate seamlessly with all other instructions and
have been designed for optimal real-time performance.
The MAC class of instructions can concurrently fetch
two data operands from memory while multiplying two
W registers. To enable this concurrent fetching of data
operands, the data space has been split for these
instructions and linear for all others. This has been
achieved in a transparent and flexible manner, by ded-
icating certain working registers to each address space
for the MAC class of 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 “16-bit MCU and DSC
Programmer’s Reference Manual”
(DS70157).
© 2011 Microchip Technology Inc. DS70143E-page 17



dsPIC30F6011A/6012A/6013A/6014A
3.0 MEMORY ORGANIZATION

3.1 Program Address Space
The program address space is 4M instruction words. It
is addressable by a 24-bit value from either the 23-bit
PC, table instruction Effective Address (EA), or data
space EA, when program space is mapped into data
space as defined by Table 3-1. Note that the program
space address is incremented by two between succes-
sive program words in order to provide compatibility
with data space addressing. 

User program space access is restricted to the lower
4M instruction word address range (0x000000 to
0x7FFFFE) for all accesses other than TBLRD/TBLWT,
which use TBLPAG<7> to determine user or configura-
tion space access. In Table 3-1, Program Space
Address Construction, bit 23 allows access to the
Device ID, the Unit ID and the configuration bits.
Otherwise, bit 23 is always clear.

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

Note: The address map shown in Figure 3-1 and
Figure 3-2 is conceptual, and the actual
memory configuration may vary across
individual devices depending on available
memory.
© 2011 Microchip Technology Inc. DS70143E-page 25



dsPIC30F6011A/6012A/6013A/6014A

FIGURE 3-7: DATA SPACE MEMORY MAP FOR dsPIC30F6011A/6013A 

0x0000

0x07FE

0x17FE

0xFFFE

LSB
Address16 bits

LSBMSB

MSB
Address

0x0001

0x07FF

0x17FF

0xFFFF

0x8001 0x8000

Optionally
Mapped
into Program
Memory

0x1FFF 0x1FFE

0x20000x2001

0x0801 0x0800

0x1801 0x1800

Near
Data

0x1FFE 0x1FFF

2 Kbyte
SFR Space

6 Kbyte

SRAM Space

8 Kbyte

Space

SFR Space

X Data RAM (X)

X Data 
Unimplemented (X)

Y Data RAM (Y)
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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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dsPIC30F6011A/6012A/6013A/6014A

4.2.1 START AND END ADDRESS
The Modulo Addressing scheme requires that a start-
ing and an ending address be specified and loaded into
the 16-bit Modulo Buffer Address registers: XMODSRT,
XMODEND, YMODSRT, YMODEND (see Table 3-3).

The length of a circular buffer is not directly specified. It
is determined by the difference between the corre-
sponding start and end addresses. The maximum
possible length of the circular buffer is 32K words
(64 Kbytes).

4.2.2 W ADDRESS REGISTER 
SELECTION

The Modulo and Bit-Reversed Addressing Control reg-
ister MODCON<15:0> contains enable flags as well as
a W register field to specify the W address registers.
The XWM and YWM fields select which registers will
operate with Modulo Addressing. If XWM = 15, X
RAGU and X WAGU Modulo Addressing is disabled.
Similarly, if YWM = 15, Y AGU Modulo Addressing is
disabled.

The X Address Space Pointer W register (XWM), to
which Modulo Addressing is to be applied, is stored in
MODCON<3:0> (see Table 3-3). Modulo Addressing is
enabled for X data space when XWM is set to any value
other than ‘15’ and the XMODEN bit is set at
MODCON<15>.

The Y Address Space Pointer W register (YWM), to
which Modulo Addressing is to be applied, is stored in
MODCON<7:4>. Modulo Addressing is enabled for Y
data space when YWM is set to any value other than
‘15’ and the YMODEN bit is set at MODCON<14>.

FIGURE 4-1: MODULO ADDRESSING OPERATION EXAMPLE

Note: Y space Modulo Addressing EA calcula-
tions assume word sized data (LSb of
every EA is always clear). 

0x1100

0x1163

Start Addr = 0x1100
End Addr  = 0x1163
Length = 0x0032 words

Byte
Address MOV #0x1100,W0

MOV W0,XMODSRT ;set modulo start address
MOV #0x1163,W0
MOV W0,MODEND ;set modulo end address
MOV #0x8001,W0
MOV W0,MODCON ;enable W1, X AGU for modulo

MOV #0x0000,W0 ;W0 holds buffer fill value

MOV #0x1110,W1 ;point W1 to buffer

DO AGAIN,#0x31 ;fill the 50 buffer locations
MOV W0,[W1++] ;fill the next location
© 2011 Microchip Technology Inc. DS70143E-page 41
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4.2.3 MODULO ADDRESSING 

APPLICABILITY
Modulo Addressing can be applied to the Effective
Address calculation associated with any W register. It
is important to realize that the address boundaries
check for addresses less than, or greater than the
upper (for incrementing buffers), and lower (for decre-
menting buffers) boundary addresses (not just equal
to). Address changes may, therefore, jump beyond
boundaries and still be adjusted correctly.

4.3 Bit-Reversed Addressing
Bit-Reversed Addressing is intended to simplify data
re-ordering for radix-2 FFT algorithms. It is supported
by the X AGU for data writes only.

The modifier, which may be a constant value or register
contents, is regarded as having its bit order reversed. The
address source and destination are kept in normal order.
Thus, the only operand requiring reversal is the modifier.

4.3.1 BIT-REVERSED ADDRESSING 
IMPLEMENTATION

Bit-Reversed Addressing is enabled when:

1. BWM (W register selection) in the MODCON
register is any value other than ‘15’ (the stack
cannot be accessed using Bit-Reversed
Addressing) and 

2. the BREN bit is set in the XBREV register and
3. the Addressing mode used is Register Indirect

with Pre-Increment or Post-Increment.

If the length of a bit-reversed buffer is M = 2N bytes,
then the last ‘N’ bits of the data buffer start address
must be zeros. 

XB<14:0> is the bit-reversed address modifier or ‘pivot
point’, which is typically a constant. In the case of an
FFT computation, its value is equal to half of the FFT
data buffer size. 

When enabled, Bit-Reversed Addressing will only be
executed for register indirect with pre-increment or
post-increment addressing and word sized data writes.
It will not function for any other addressing mode or for
byte sized data, and normal addresses will be gener-
ated instead. When Bit-Reversed Addressing is active,
the W address pointer will always be added to the
address modifier (XB) and the offset associated with
the Register Indirect Addressing mode will be ignored.
In addition, as word sized data is a requirement, the
LSb of the EA is ignored (and always clear). 

If Bit-Reversed Addressing has already been enabled
by setting the BREN (XBREV<15>) bit, then a write to
the XBREV register should not be immediately followed
by an indirect read operation using the W register that
has been designated as the bit-reversed pointer.

Note: The modulo corrected Effective Address
is written back to the register only when
Pre-Modify or Post-Modify Addressing
mode is used to compute the Effective
Address. When an address offset (e.g.,
[W7+W2]) is used, modulo address cor-
rection is performed but the contents of
the register remain unchanged. 

Note: All bit-reversed EA calculations assume
word sized data (LSb of every EA is
always clear). The XB value is scaled
accordingly to generate compatible (byte)
addresses.

Note: Modulo Addressing and Bit-Reversed
Addressing should not be enabled
together. In the event that the user
attempts to do this, Bit-Reversed Address-
ing will assume priority when active for the
X WAGU, and X WAGU Modulo Address-
ing will be disabled. However, Modulo
Addressing will continue to function in the X
RAGU.
DS70143E-page 42 © 2011 Microchip Technology Inc.



dsPIC30F6011A/6012A/6013A/6014A
TA
B

LE
 6

-1
:

N
VM

 R
EG

IS
TE

R
 M

A
P(1

)

Fi
le

 N
am

e
A

dd
r.

B
it 

15
B

it 
14

B
it 

13
B

it 
12

B
it 

11
B

it 
10

B
it 

9
B

it 
8

B
it 

7
B

it 
6

B
it 

5
B

it 
4

B
it 

3
B

it 
2

B
it 

1
B

it 
0

A
ll 

R
ES

ET
S

N
V

M
C

O
N

07
60

W
R

W
R

E
N

W
R

E
R

R
—

—
—

—
TW

R
I

—
PR

O
G

O
P

<6
:0

>
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

N
V

M
A

D
R

07
62

N
V

M
A

D
R

<1
5:

0>
u
u
u
u
 
u
u
u
u
 
u
u
u
u
 
u
u
u
u

N
V

M
A

D
R

U
07

64
—

—
—

—
—

—
—

—
N

V
M

A
D

R
<2

3:
16

>
0
0
0
0
 
0
0
0
0
 
u
u
u
u
 
u
u
u
u

N
V

M
K

EY
07

66
—

—
—

—
—

—
—

—
K

EY
<7

:0
>

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

Le
ge

nd
:

u 
= 

un
in

iti
al

iz
ed

 b
it;

 —
 =

 u
ni

m
pl

em
en

te
d 

bi
t, 

re
ad

 a
s 

‘0
’

N
ot

e
1:

R
ef

er
 to

 th
e 

“d
sP

IC
30

F 
Fa

m
ily

 R
ef

er
en

ce
 M

an
ua

l” 
(D

S
70

04
6)

 fo
r d

es
cr

ip
tio

ns
 o

f r
eg

is
te

r b
it 

fie
ld

s.
© 2011 Microchip Technology Inc. DS70143E-page 55



dsPIC30F6011A/6012A/6013A/6014A
TA
B

LE
 1

3-
1:

O
U

TP
U

T 
C

O
M

PA
R

E 
R

EG
IS

TE
R

 M
A

P(1
)

SF
R

 N
am

e
A

dd
r.

B
it 

15
B

it 
14

B
it 

13
B

it 
12

B
it 

11
B

it 
10

B
it 

9
B

it 
8

B
it 

7
B

it 
6

B
it 

5
B

it 
4

B
it 

3
B

it 
2

B
it 

1
B

it 
0

R
es

et
 S

ta
te

O
C

1R
S

01
80

O
ut

pu
t C

om
pa

re
 1

 S
ec

on
da

ry
 R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

1R
01

82
O

ut
pu

t C
om

pa
re

 1
 M

ai
n 

R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

1C
O

N
01

84
—

—
O

C
SI

D
L

—
—

—
—

—
—

—
—

O
C

FL
T

O
C

TS
E

L
O

C
M

<2
:0

>
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

2R
S

01
86

O
ut

pu
t C

om
pa

re
 2

 S
ec

on
da

ry
 R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

2R
01

88
O

ut
pu

t C
om

pa
re

 2
 M

ai
n 

R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

2C
O

N
01

8A
—

—
O

C
SI

D
L

—
—

—
—

—
—

—
—

O
C

FL
T

O
C

TS
E

O
C

M
<2

:0
>

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

3R
S

01
8C

O
ut

pu
t C

om
pa

re
 3

 S
ec

on
da

ry
 R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

3R
01

8E
O

ut
pu

t C
om

pa
re

 3
 M

ai
n 

R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

3C
O

N
01

90
—

—
O

C
SI

D
L

—
—

—
—

—
—

—
—

O
C

FL
T

O
C

TS
E

L
O

C
M

<2
:0

>
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

4R
S

01
92

O
ut

pu
t C

om
pa

re
 4

 S
ec

on
da

ry
 R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

4R
01

94
O

ut
pu

t C
om

pa
re

 4
 M

ai
n 

R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

4C
O

N
01

96
—

—
O

C
SI

D
L

—
—

—
—

—
—

—
—

O
C

FL
T

O
C

TS
E

L
O

C
M

<2
:0

>
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

5R
S

01
98

O
ut

pu
t C

om
pa

re
 5

 S
ec

on
da

ry
 R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

5R
01

9A
O

ut
pu

t C
om

pa
re

 5
 M

ai
n 

R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

5C
O

N
01

9C
—

—
O

C
SI

D
L

—
—

—
—

—
—

—
—

O
C

FL
T

O
C

TS
E

L
O

C
M

<2
:0

>
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

6R
S

01
9E

O
ut

pu
t C

om
pa

re
 6

 S
ec

on
da

ry
 R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

6R
01

A
0

O
ut

pu
t C

om
pa

re
 6

 M
ai

n 
R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

6C
O

N
01

A
2

—
—

O
C

SI
D

L
—

—
—

—
—

—
—

—
O

C
FL

T
O

C
TS

E
L

O
C

M
<2

:0
>

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

7R
S

01
A

4
O

ut
pu

t C
om

pa
re

 7
 S

ec
on

da
ry

 R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

7R
01

A
6

O
ut

pu
t C

om
pa

re
 7

 M
ai

n 
R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

7C
O

N
01

A
8

—
—

O
C

SI
D

L
—

—
—

—
—

—
—

—
O

C
FL

T
O

C
TS

E
L

O
C

M
<2

:0
>

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

8R
S

01
A

A
O

ut
pu

t C
om

pa
re

 8
 S

ec
on

da
ry

 R
eg

is
te

r
0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

8R
01

A
C

O
ut

pu
t C

om
pa

re
 8

 M
ai

n 
R

eg
is

te
r

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

O
C

8C
O

N
01

A
E

—
—

O
C

SI
D

L
—

—
—

—
—

—
—

—
O

C
FL

T
O

C
TS

E
L

O
C

M
<2

:0
>

0
0
0
0
 
0
0
0
0
 
0
0
0
0
 
0
0
0
0

Le
ge

nd
:

u 
= 

un
in

iti
al

iz
ed

 b
it;

 —
 =

 u
ni

m
pl

em
en

te
d 

bi
t, 

re
ad

 a
s 

‘0
’

N
ot

e
1:

R
ef

er
 to

 th
e 

“d
sP

IC
30

F 
Fa

m
ily

 R
ef

er
en

ce
 M

an
ua

l” 
(D

S
70

04
6)

 fo
r d

es
cr

ip
tio

ns
 o

f r
eg

is
te

r b
it 

fie
ld

s.
© 2011 Microchip Technology Inc. DS70143E-page 89



dsPIC30F6011A/6012A/6013A/6014A

14.3 Slave Select Synchronization
The SSx pin allows a Synchronous Slave mode. The
SPI must be configured in SPI Slave mode with SSx pin
control enabled (SSEN = 1). When the SSx pin is low,
transmission and reception are enabled and the SDOx
pin is driven. When SSx pin goes high, the SDOx pin is
no longer driven. Also, the SPI module is re-
synchronized, and all counters/control circuitry are
reset. Therefore, when the SSx pin is asserted low
again, transmission/reception will begin at the MSb
even if SSx had been deasserted in the middle of a
transmit/receive.

14.4 SPI Operation During CPU Sleep 
Mode

During Sleep mode, the SPI module is shutdown. If the
CPU enters Sleep mode while an SPI transaction is in
progress, then the transmission and reception is
aborted.

The transmitter and receiver will stop in Sleep mode.
However, register contents are not affected by entering
or exiting Sleep mode.

14.5 SPI Operation During CPU Idle 
Mode

When the device enters Idle mode, all clock sources
remain functional. The SPISIDL bit (SPIxSTAT<13>)
selects if the SPI module will stop or continue on Idle. If
SPISIDL = 0, the module will continue to operate when
the CPU enters Idle mode. If SPISIDL = 1, the module
will stop when the CPU enters Idle mode.
© 2011 Microchip Technology Inc. DS70143E-page 93
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FIGURE 19-3: CONVERTING 1 CHANNEL AT 200 KSPS, AUTO-SAMPLE START, 1 TAD 

SAMPLING TIME

19.8  ADC Acquisition Requirements
The analog input model of the 12-bit ADC is shown in
Figure 19-4. The total sampling time for the ADC is a
function of the internal amplifier settling time and the
holding capacitor charge time.

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the voltage level on the analog input pin. The
source impedance (RS), the interconnect impedance
(RIC) and the internal sampling switch (RSS)
impedance combine to directly affect the time required

to charge the capacitor CHOLD. The combined
impedance of the analog sources must therefore be
small enough to fully charge the holding capacitor
within the chosen sample time. To minimize the effects
of pin leakage currents on the accuracy of the ADC, the
maximum recommended source impedance, RS, is 2.5
kΩ. After the analog input channel is selected
(changed), this sampling function must be completed
prior to starting the conversion. The internal holding
capacitor will be in a discharged state prior to each
sample operation.

FIGURE 19-4: 12-BIT ADC ANALOG INPUT MODEL 

TCONV
= 14 TAD

TSAMP
= 1 TAD

TSAMP
= 1 TAD

ADCLK

SAMP

DONE

ADCBUF0

ADCBUF1

Instruction Execution  BSET ADCON1, ASAM

TCONV
= 14 TAD

CPINVA

Rs ANx
VT = 0.6V

VT = 0.6V I leakage

RIC ≤ 250Ω Sampling
Switch

RSS

CHOLD
= DAC capacitance

VSS

VDD

= 18 pF± 500 nA

Legend: CPIN

VT
I leakage

RIC
RSS

CHOLD

= input capacitance
= threshold voltage
= leakage current at the pin due to

= interconnect resistance
= sampling switch resistance
= sample/hold capacitance (from DAC)

various junctions

Note: CPIN value depends on device package and is not tested. Effect of CPIN negligible if Rs ≤ 2.5 kΩ.

RSS ≤ 3 kΩ
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FIGURE 20-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)    

FIGURE 20-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       

FIGURE 20-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    
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20.5  Watchdog Timer (WDT)

20.5.1 WATCHDOG TIMER OPERATION
The primary function of the Watchdog Timer (WDT) is
to reset the processor in the event of a software
malfunction. The WDT is a free running timer, which
runs off an on-chip RC oscillator, requiring no external
component. Therefore, the WDT timer will continue to
operate even if the main processor clock (e.g., the
crystal oscillator) fails.

20.5.2 ENABLING AND DISABLING THE 
WDT

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

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

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

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

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

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

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

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

20.7 Power-Saving Modes
There are two power-saving states that can be entered
through the execution of a special instruction, PWRSAV.

These are: Sleep and Idle.

The format of the PWRSAV instruction is as follows:

PWRSAV <parameter>, 

where:

‘parameter’ defines Idle or Sleep mode.

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

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

The Brown-out protection circuit, if enabled, will remain
functional during Sleep. 

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

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

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

On waking up from Sleep mode, the processor will
restart the same clock that was active prior to entry
into Sleep mode. When clock switching is enabled,
bits COSC<2:0> will determine the oscillator source
that will be used on wake-up. If clock switch is
disabled, then there is only one system clock.

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

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

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

Note: If a POR or BOR occurred, the selection of
the oscillator is based on the FOS<2:0>
and FPR<4:0> Configuration bits.
© 2011 Microchip Technology Inc. DS70143E-page 157
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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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TABLE 23-21: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER 
AND BROWN-OUT RESET TIMING REQUIREMENTS

AC CHARACTERISTICS

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

-40°C ≤ TA ≤ +125°C for Extended 

Param
No. Symbol Characteristic(1) Min Typ(2) Max Units Conditions

SY10 TmcL MCLR Pulse Width (low) 2 — — μs  -40°C to +85°C
SY11 TPWRT Power-up Timer Period 2

8
32

4
16
64

6
24
96

ms  -40°C to +85°C, VDD = 
5V
User programmable

SY12 TPOR Power-on Reset Delay(3) 3 10 30 μs  -40°C to +85°C

SY13 TIOZ I/O high-impedance from MCLR 
Low or Watchdog Timer Reset

— 0.8 1.0 μs

SY20 TWDT1
TWDT2
TWDT3

Watchdog Timer Time-out Period 
(No Prescaler)

0.6
0.8
1.0

2.0
2.0
2.0

3.4
3.2
3.0

ms
ms
ms

VDD = 2.5V
VDD = 3.3V, ±10%
VDD = 5V, ±10%

SY25 TBOR Brown-out Reset Pulse Width(4) 100 — — μs VDD ≤ VBOR (D034)
SY30 TOST Oscillation Start-up Timer Period — 1024 TOSC — — TOSC = OSC1 period
SY35 TFSCM Fail-Safe Clock Monitor Delay — 500 900 μs -40°C to +85°C
Note 1: These parameters are characterized but not tested in manufacturing.

2: Data in “Typ” column is at 5V, 25°C unless otherwise stated.
3: Characterized by design but not tested
4: Refer to Figure 23-2 and Table 23-11 for BOR.
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TABLE 23-39: 12-BIT ADC TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.7V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial 

-40°C ≤ TA ≤ +125°C for Extended 

Param 
No. Symbol Characteristic Min. Typ Max. Units Conditions

Clock Parameters
AD50 TAD  ADC Clock Period — 334 — ns VDD = 3-5.5V (Note 1)
AD51 tRC ADC Internal RC Oscillator Period 1.2 1.5 1.8 μs

Conversion Rate
AD55 tCONV Conversion Time — 14 TAD ns
AD56 FCNV Throughput Rate — 200 — ksps VDD = VREF = 3-5.5V
AD57 TSAMP Sample Time — 1 TAD — ns VDD = 3-5.5V

Source resistance
Rs = 0-2.5 kΩ

Timing Parameters
AD60 tPCS Conversion Start from Sample 

Trigger
— 1 TAD — ns

AD61 tPSS Sample Start from Setting
Sample (SAMP) Bit

0.5 TAD — 1.5 
TAD

ns

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

— 0.5 TAD — ns

AD63 tDPU(2) Time to Stabilize Analog Stage
from ADC Off to ADC On

— — 20 μs

Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity 
performance, especially at elevated temperatures.

2: tDPU is the time required for the ADC module to stabilize when it is turned on (ADCON1<ADON> = 1). 
During this time the ADC result is indeterminate.
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dsPIC30F6011A/6012A/6013A/6014A

Revision E (February 2011)
This revision includes minor typographical and
formatting changes throughout the data sheet text.

The major changes are referenced by their respective
section in Table A-1.

TABLE A-1: MAJOR SECTION UPDATES
Section Name Update Description

Section 20.0 “System 
Integration”

Added a shaded note on OSCTUN functionality in Section 20.2.5 “Fast RC 
Oscillator (FRC)”.

Section 23.0 “Electrical 
Characteristics”

Updated the maximum MIPS for the Operating MIPS vs. Voltage VDD range of 
3.0-3.6V for dsPIC30F601XA-20I and dsPIC30F601XA-30I devices (see 
Table 23-1).

Added Operating Current (IDD) parameters DC27a and DC27b (see Table 23-5).

Added Idle Current (IIDLE) parameters DC47a and DC47b (see Table 23-6).

Updated the maximum value for parameter DI19 and the minimum value for 
parameter DI29 in the I/O Pin Input Specifications (see Table 23-8).

Removed parameter D136 and updated the minimum, typical, maximum, and 
conditions for parameters D122 and D134 in the Program and EEPROM 
specifications (see Table 23-12).
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