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dsPIC30F2011/2012/3012/3013

2.0 CPUARCHITECTURE
OVERVIEW

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).

This section is an overview of the CPU architecture of
the dsPIC30F. The core has a 24-bit instruction word.
The Program Counter (PC) is 23 bits wide with the
Least Significant bit (LSb) always clear (see
Section 3.1 “Program Address Space”). 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 helps maintain throughput. Program loop
constructs, free from loop count management
overhead, are supported using the DO and REPEAT
instructions, both of which are interruptible at any point.

2.1 Core Overview

The working register array consists of 16 x 16-bit
registers, 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.

Two ways to access data in program memory are:

e The upper 32 Kbytes of data space memory can
be mapped into the lower half (user space) of
program space at any 16K program word
boundary, defined by the 8-bit Program Space
Visibility Page register (PSVPAG). Thus any
instruction can access program space as if it were
data space, with a limitation that the access
requires an additional cycle. 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 pre-defined
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
register (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 exe-
cuted 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
accumulator or any working register can be shifted up
to 15 bits right, or 16 bits left in a single cycle. The DSP
instructions 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 is for all
others. This has been achieved in a transparent and
flexible manner, by dedicating certain working registers
to each address space for the MAC class of
instructions.

© 2010 Microchip Technology Inc.
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2.3 Divide Support

The dsPIC DSC devices feature a 16/16-bit signed
fractional divide operation, as well as 32/16-bit and
16/16-bit signed and unsigned integer divide opera-
tions, in the form of single instruction iterative divides.
The following instructions and data sizes are
supported:

DIVF - 16/16 signed fractional divide

DIV.sd - 32/16 signed divide

DIV.ud - 32/16 unsigned divide

DIV.s - 16/16 signed divide

DIV.u - 16/16 unsigned divide

The 16/16 divides are similar to the 32/16 (same number

o~ wbdhpe

The divide instructions must be executed within a
REPEAT loop. Any other form of execution
(e.g., a series of discrete divide instructions) will not
function correctly because the instruction flow depends
on RCOUNT. The divide instruction does not
automatically set up the RCOUNT value and it must,
therefore, be explicitly and correctly specified in the
REPEAT instruction, as shown in Table 2-1 (REPEAT
executes the target instruction {operand value+1}
times). The REPEAT loop count must be setup for 18
iterations of the DIV/DIVF instruction. Thus, a
complete divide operation requires 19 cycles.

Note: The divide flow is interruptible; however,
the user needs to save the context as

. : L o appropriate.
of iterations), but the dividend is either zero-extended or
sign-extended during the first iteration.
TABLE 2-1: DIVIDE INSTRUCTIONS
Instruction Function
DIVF Signed fractional divide: Wm/Wn —WO0; Rem —W1
DIV.sd Signed divide: (Wm+1:Wm)/Wn -WO0; Rem -W1
DIV.s Signed divide: Wm/Wn —-WO0; Rem —-W1
DIV.ud Unsigned divide: (Wm+1:Wm)/Wn —-WO0; Rem —W1
DIV.u Unsigned divide: Wm/Wn —-W0; Rem —-W1

DS70139G-page 22
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FIGURE 3-1: PROGRAM SPACE MEMORY MAPS

dsPIC30F2011/2012 dsPIC30F3012/3013

N Reset - GOTO Instruction 000000 - Reset - GOTO Instruction 000000
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Interrupt Vector Table Interrupt Vector Table
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Reserved 000080 Reserved 000080
000084
Alternate Vector Table Alternate Vector Table
> P
5] \J 5] 000084 \J
£g 0000FE £g 0000FE
= % User Flash 000100 2 :-;. User Flash 000100
2 Program Memory @ Program Memory
) (4K instructions) > (8K instructions)
001FFE 003FFE
002000 004000
Reserved
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(geszrv(()ed) 7FFBFE
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7FFFFE 7FFFFE
800000 800000
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Reserved Reserved
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= & UNITID (32 instr.) = % UNITID (32 instr.)
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F7FFFE F7FFFE
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TABLE 3-1: PROGRAM SPACE ADDRESS CONSTRUCTION
Access Program Space Address
Access Type
Space <23> <22:16> <15> <14:1> <0>
Instruction Access User 0 PC<22:1> 0
TBLRD/TBLWT User TBLPAG<7:0> Data EA<15:0>
(TBLPAG<7>=0)
TBLRD/TBLWT Configuration TBLPAG<7:0> Data EA<15:0>
(TBLPAG<7>=1)
Program Space Visibility |User 0 PSVPAG<7:0> Data EA<14:0>

FIGURE 3-2: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
! ! 23 bits L
Using | 1% N
Program [ 0 | Program Counter | 0]
Counter | | I
I ]
Select
L [1]) EA
Using | Y
Program [0 | PSVPAG Reg | I
Space B e
visibilty 1 T~ gpis 15 bits i' !
[ | |
| ! ]
| | | EA ! |
Using |
Table 1/0 | TBLPAG Reg | |
nstruetion = T g bits o 16 bits ™
| | |
| |
User/ A ¢ A
Configuration | 24-bit EA Byte
-bi
Space | Select
Select
|
Note:  Program space visibility cannot be used to access bits <23:16> of a word in program memory.

© 2010 Microchip Technology Inc.
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TABLE 3-3: CORE REGISTER MAP (CONTINUED)

SFR Name P(\ggrmez)s Bit 15 Bit 14 Bit 13 | Bit12 | Bit11 | Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset State
CORCON 0044 — — = us EDT DL2 DL1 DLO SATA | SATB | SATDW | ACCSAT IPL3 PSV RND IF 0000 0000 0010 0000
MODCON 0046 XMODEN | YMODEN — — BWM<3:0> YWM<3:0> XWM<3:0> 0000 0000 0000 0000
XMODSRT 0048 XS<15:1> 0 uuuu uuuu uuuu uuuO
XMODEND 004A XE<15:1> 1  |uuuu uuuu uuuu uuul
YMODSRT 004C YS<15:1> 0 uuuu uuuu uuuu uuuO
YMODEND 004E YE<15:1> 1 |uuuu uuuu uuuu uuul
XBREV 0050 BREN XB<14:0> uuuu UuuU uuuu uuuu
DISICNT 0052 = — DISICNT<13:0> 0000 0000 0000 0000
Legend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
Note: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

cT0E/ZT10E/CTOC/TTO0CH0EDIdSP
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7.0

Note:

I/O PORTS

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).

All of the device pins (except VDD, Vss, MCLR and
OSC1/CLKI) are shared between the peripherals and
the parallel 1/0O ports.

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

7.1 Parallel 1/0 (PIO) Ports

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

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

FIGURE 7-1:

Writes to the latch, write the latch (LATx). Reads from
the port (PORTX), read the port pins and writes to the
port pins, write the latch (LATX).

Any bit and its associated data and Control registers
that are not valid for a particular device are disabled.
That means the corresponding LATx and TRISx
registers and the port pin read as zeros.

When a pin is shared with another peripheral or
function that is defined as an input only, it is
nevertheless regarded as a dedicated port because
there is no other competing source of outputs.

A parallel /O (PIO) port that shares a pin with a
peripheral is, in general, subservient to the peripheral.
The peripheral’s output buffer data and control signals
are provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0 pad cell. Figure 7-1 illustrates how ports are
shared with other peripherals and the associated /O
cell (pad) to which they are connected.

The format of the registers for the shared ports,
(PORTB, PORTC, PORTD and PORTF) are shown in
Table 7-1 through Table 7-6.

Note:

The actual bits in use vary between
devices.

BLOCK DIAGRAM OF A SHARED PORT STRUCTURE

Peripheral Output Enable

Peripheral Module Output Multiplexers
Peripheral Input Data /
——
Peripheral Module Enable r —'
| 1/0 Cell

| Peripheral Output Data |

Lo |
PIO Module
re - - - — — — — — — hl
| Read TRIS [ |—
I ~J I
| Data Bus D Q }
| wrTRIS K~ | | |
L — — — — 4

| TRIS Latch |
| e— D Q !

WR LAT +
I I

WR Port CK™
| Data Latch |
I d I
| ReadL'T e N |

:II Input Data

| Read Port !
Lo o
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8.6 Fast Context Saving

A context saving option is available using shadow
registers. Shadow registers are provided for the DC, N,
QV, Z and C bits in SR, and the registers WO through
Wa3. 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.

8.7 External Interrupt Requests

The interrupt controller supports three external
interrupt request signals, INTO-INT2. 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 three bits, INTOEP-INT2EP,
that select the polarity of the edge detection circuitry.

8.8 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 wakes up from Sleep or Idle
and begins execution of the ISR needed to process the
interrupt request.

DS70139G-page 70
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9.0

Note:

TIMER1 MODULE

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).

This section describes the 16-bit general purpose
Timerl module and associated operational modes.
Figure 9-1 depicts the simplified block diagram of the
16-bit Timerl module. The following sections provide
detailed descriptions including setup and Control
registers, along with associated block diagrams for the
operational modes of the timers.

The Timerl module is a 16-bit timer that serves as the
time counter for the real-time clock or operates as a
free-running interval timer/counter. The 16-bit timer has
the following modes:

e 16-bit Timer

« 16-bit Synchronous Counter

* 16-bit Asynchronous Counter

These operational characteristics are supported:

« Timer gate operation

» Selectable prescaler settings

« Timer operation during CPU Idle and Sleep
modes

« Interrupt on 16-bit Period register match or falling
edge of external gate signal

These operating modes are determined by setting the
appropriate bit(s) in the 16-bit SFR, TLCON. Figure 9-1
presents a block diagram of the 16-bit timer module.

16-bit Timer Mode: In the 16-bit Timer mode, the timer
increments on every instruction cycle up to a match
value preloaded into the Period register PR1, then
resets to ‘0’ and continues to count.

When the CPU goes into the Idle mode, the timer stops
incrementing unless the TSIDL (TLCON<13>) bit = 0.
If TSIDL = 1, the timer module logic resumes the incre-
menting sequence on termination of CPU Idle mode.

16-bit Synchronous Counter Mode: In the 16-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal
which is synchronized with the internal phase clocks.
The timer counts up to a match value preloaded in PR1,
then resets to ‘0’ and continues.

When the CPU goes into the Idle mode, the timer stops
incrementing unless the respective TSIDL bit = 0. If
TSIDL = 1, the timer module logic resumes the
incrementing sequence upon termination of the CPU
Idle mode.

16-bit Asynchronous Counter Mode: In the 16-bit
Asynchronous Counter mode, the timer increments on
every rising edge of the applied external clock signal.
The timer counts up to a match value preloaded in PR1,
then resets to ‘O’ and continues.

When the timer is configured for the Asynchronous
mode of operation and the CPU goes into the Idle
mode, the timer stops incrementing if TSIDL = 1.

FIGURE 9-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
PR1
U
Equal
Comparator x 16 TSYNC
x 1
' TMR1
Reset
0
0
T1IF J;
Event Flag 1 Q D TGATE w
Q-Fck 0 &
[OO]
. Teare == TCKPS<1:0>
1 sosco/ R N N TON g
'+ TICK |z L 1x
' ' Gate Prescaler
! LPOSCEN sync 1] o1 LD 1,8, 64, 256
' sosCl % !
\ \ Tcy 00
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10.0 TIMER2/3 MODULE

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).

This section describes the 32-bit general purpose
Timer module (Timer2/3) and associated Operational
modes. Figure 10-1 depicts the simplified block
diagram of the 32-bit Timer2/3 module. Figure 10-2
and Figure 10-3 show Timer2/3 configured as two
independent 16-bit timers, Timer2 and Timer3,
respectively.

The Timer2/3 module is a 32-bit timer (which can be
configured as two 16-bit timers) with selectable
operating modes. These timers are utilized by other
peripheral modules, such as:

* Input Capture

e Output Compare/Simple PWM

The following sections provide a detailed description,
including setup and Control registers, along with

associated block diagrams for the operational modes of
the timers.

The 32-bit timer has the following modes:

* Two independent 16-bit timers (Timer2 and
Timer3) with all 16-bit operating modes (except
Asynchronous Counter mode)

* Single 32-bit timer operation

 Single 32-bit synchronous counter

Further, the following operational characteristics are
supported:

« ADC event trigger

« Timer gate operation

« Selectable prescaler settings

« Timer operation during ldle and Sleep modes

* Interrupt on a 32-bit period register match

These operating modes are determined by setting the

appropriate bit(s) in the 16-bit T2CON and T3CON
SFRs.

For 32-bit timer/counter operation, Timer2 is the Is word
and Timer3 is the ms word of the 32-bit timer.

Note: For 32-bit timer operation, T3CON control
bits are ignored. Only T2CON control bits
are used for setup and control. Timer2
clock and gate inputs are utilized for the
32-bit timer module, but an interrupt is
generated with the Timer3 interrupt flag
(T3IF) and the interrupt is enabled with the
Timer3 interrupt enable bit (T3IE).

16-bit Timer Mode: In the 16-bit mode, Timer2 and
Timer3 can be configured as two independent 16-bit
timers. Each timer can be set up in either 16-bit Timer
mode or 16-bit Synchronous Counter mode. See
Section 9.0 “Timerl Module” for details on these two
operating modes.

The only functional difference between Timer2 and
Timer3 is that Timer2 provides synchronization of the
clock prescaler output. This is useful for high frequency
external clock inputs.

32-bit Timer Mode: In the 32-bit Timer mode, the timer
increments on every instruction cycle, up to a match
value preloaded into the combined 32-bit Period
register PR3/PR2, then resets to ‘0’ and continues to
count.

For synchronous 32-bit reads of the Timer2/Timer3
pair, reading the Is word (TMR2 register) causes the ms
word to be read and latched into a 16-bit holding
register, termed TMR3HLD.

For synchronous 32-bit writes, the holding register
(TMR3HLD) must first be written to. When followed by
a write to the TMR2 register, the contents of TMR3HLD
is transferred and latched into the MSB of the 32-bit
timer (TMR3).

32-bit Synchronous Counter Mode: In the 32-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal
which is synchronized with the internal phase clocks.
The timer counts up to a match value preloaded in the
combined 32-bit period register, PR3/PR2, then resets
to ‘0’ and continues.

When the timer is configured for the Synchronous
Counter mode of operation and the CPU goes into the
Idle mode, the timer stops incrementing unless the
TSIDL bit (T2CON<13>) = 0. If TSIDL = 1, the timer
module logic resumes the incrementing sequence
upon termination of the CPU Idle mode.

© 2010 Microchip Technology Inc.
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13.0 SPI™ MODULE

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).

The Serial Peripheral Interface (SPI™) module is a
synchronous serial interface. It is useful for
communicating with other peripheral devices, such as
EEPROMSs, shift registers, display drivers and A/D
converters, or other microcontrollers. It is compatible
with Motorola's SPlI and SIOP interfaces. The
dsPIC30F2011/2012/3012/3013 devices feature one
SPI module, SPI1.

13.1 Operating Function Description

Figure 13-1 is a simplified block diagram of the SPI
module, which consists of a 16-bit shift register,
SPI1SR, used for shifting data in and out, and a buffer
register, SPI1BUF. Control register SPI1CON (not
shown) configures the module. Additionally, status
register SPI1STAT (not shown) indicates various status
conditions.

Note: See “dsPIC30F Family Reference
Manual” (DS70046) for  detailed
information on the control and status
registers.

Four I/O pins comprise the serial interface:
» SDI1 (serial data input)

« SDO1 (serial data output)

» SCK1 (shift clock input or output)

« SS1 (active-low slave select).

In Master mode operation, SCK1 is a clock output. In
Slave mode, it is a clock input.

A series of eight (8) or sixteen (16) clock pulses shift
out bits from the SPIISR to SDO1 pin and
simultaneously shift in data from SDI1 pin. An interrupt
is generated when the transfer is complete and the
interrupt flag bit (SPI1IF) is set. This interrupt can be
disabled through the interrupt enable bit, SPI1IE.

The receive operation is double-buffered. When a
complete byte is received, itis transferred from SPI1SR
to SPI1BUF.

If the receive buffer is full when new data is being
transferred from SPI1SR to SPI1BUF, the module will
set the SPIROV bit indicating an overflow condition.
The transfer of the data from SPI1SR to SPI1BUF is not
completed and the new data is lost. The module will not
respond to SCL transitions while SPIROV is ‘1, effec-
tively disabling the module until SPI1BUF is read by
user software.

Transmit writes are also double-buffered. The user
writes to SPI1LBUF. When the master or slave transfer
is completed, the contents of the shift register
(SPI1SR) are moved to the receive buffer. If any
transmit data has been written to the buffer register, the
contents of the transmit buffer are moved to SPI1SR.
The received data is thus placed in SPI1BUF and the
transmit data in SPI1SR is ready for the next transfer.

Note:  Both the transmit buffer (SPI1TXB) and
the receive buffer (SPILRXB) are mapped

to the same register address, SPI1BUF.

© 2010 Microchip Technology Inc.
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TABLE 14-2:  1°C REGISTER MAP

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 | Bit 1 ‘ Bit 0 Reset State
12CRCV 0200 — — — — — — — — Receive Register 0000 0000 0000 0000
12CTRN 0202 — — — — — — — — Transmit Register 0000 0000 1111 1111
12CBRG 0204 — — — — — — — Baud Rate Generator 0000 0000 0000 0000
12CCON 0206 I2CEN — 12CSIDL | SCLREL | IPMIEN | A10M | DISSLW | SMEN | GCEN | STREN | ACKDT | ACKEN | RCEN PEN RSEN SEN [ 0001 0000 0000 0000
I12CSTAT 0208 | ACKSTAT | TRSTAT — — — BCL | GCSTAT | ADD10 | IWCOL | 12COV D_A P S R_W RBF TBF | 0000 0000 0000 0000
12CADD 020A — — — — — — Address Register 0000 0000 0000 0000
Legend: — = unimplemented bit, read as ‘0’

Note:

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

cT0E/ZT10E/CTOC/TTO0CH0EDIdSP
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TABLE 16-2: A/D CONVERTER REGISTER MAP FOR dsPIC30F2011/3012
Nsa'jr'?e Addr. | Bit15 Bit14 | Bit13 Bit 12 Bit 11 Bit10 | Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset State
ADCBUFO | 0280 — — — — ADC Data Buffer 0 0000 uuuu uuuu uuuu
ADCBUF1 | 0282 — — — — ADC Data Buffer 1 0000 uuuu uuuu uuuu
ADCBUF2 | 0284 — — — — ADC Data Buffer 2 0000 uuuu uuuu uuuu
ADCBUF3 | 0286 — — — — ADC Data Buffer 3 0000 uuuu uuuu uuuu
ADCBUF4 | 0288 — — — — ADC Data Buffer 4 0000 uuuu uuuu uuuu
ADCBUF5 | 028A — — — — ADC Data Buffer 5 0000 uuuu uuuu uuuu
ADCBUF6 | 028C — — — — ADC Data Buffer 6 0000 uuuu uuuu uuuu
ADCBUF7 | 028E — — — — ADC Data Buffer 7 0000 uuuu uuuu uuuu
ADCBUF8 | 0290 — — — — ADC Data Buffer 8 0000 uuuu uuuu uuuu
ADCBUF9 | 0292 — — — — ADC Data Buffer 9 0000 uuuu uuuu uuuu
ADCBUFA | 0294 — — — — ADC Data Buffer 10 0000 uuuu uuuu uuuu
ADCBUFB | 0296 — — — — ADC Data Buffer 11 0000 uuuu uuuu uuuu
ADCBUFC| 0298 — — — — ADC Data Buffer 12 0000 uuuu uuuu uuuu
ADCBUFD| 029A — — — — ADC Data Buffer 13 0000 uuuu uuuu uuuu
ADCBUFE | 029C — — — — ADC Data Buffer 14 0000 uuuu uuuu uuuu
ADCBUFF | 029E — — — — ADC Data Buffer 15 0000 uuuu uuuu uuuu
ADCON1 | 02A0 | ADON — ADSIDL — — — FORM<1:0> SSRC<2:0> | — I — | ASAM | SAMP | DONE | 0000 0000 0000 0000
ADCON2 | 02A2 VCFG<2:0> — — CSCNA — — BUFS — SMPI<3:0> BUFM ALTS 0000 0000 0000 0000
ADCON3 | 02A4 — — — SAMC<4:0> ADRC — ADCS<5:0> 0000 0000 0000 0000
ADCHS 02A6 — — — CHONB CHOSB<3:0> — — — CHONA CHOSA<3:0> 0000 0000 0000 0000
ADPCFG | 02A8 — — — — — — — — PCFG7 | PCFG6 | PCFG5 | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000 0000 0000 0000
ADCSSL | 02AA — — — — — — — — CSSL7 | CSSL6 | CSSL5 | CSSL4 | CSSL3 | CSSL2 | CSSL1 | CSSLO | 0000 0000 0000 0000
Legend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
Note: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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TABLE 17-1: OSCILLATOR OPERATING MODES

Oscillator Mode

Description

XTL

XT

XT w/PLL 4x
XT w/PLL 8x
XT w/PLL 16x
LP

HS

200 kHz-4 MHz crystal on OSC1:0SC2.

4 MHz-10 MHz crystal on OSC1:0SC2.

4 MHz-10 MHz crystal on OSC1:0SC2, 4x PLL enabled.

4 MHz-10 MHz crystal on OSC1:0SC2, 8x PLL enabled.

4 MHz-7.5 MHz crystal on OSC1:0SC2, 16x PLL enabled®.
32 kHz crystal on SOSCO:SOSCI?.

10 MHz-25 MHz crystal.

HS/2 w/PLL 4x
HS/2 w/PLL 8x
HS/2 w/PLL 16x

10 MHz-20 MHz crystal, divide by 2, 4x PLL enabled.
10 MHz-20 MHz crystal, divide by 2, 8x PLL enabled.
10 MHz-15 MHz crystal, divide by 2, 16x PLL enabled®.

HS/3 w/PLL 4x
HS/3 w/PLL 8x
HS/3 w/PLL 16x

12 MHz-25 MHz crystal, divide by 3, 4x PLL enabled.
12 MHz-25 MHz crystal, divide by 3, 8x PLL enabled.
12 MHz-22.5 MHz crystal, divide by 3, 16x PLL enabled®.

FRC w/PLL 8x
FRC w/PLL 16x

EC External clock input (0-40 MHz).

ECIO External clock input (0-40 MHz), OSC2 pin is 1/O.

EC w/PLL 4x External clock input (4-10 MHz), OSC2 pin is I/0, 4x PLL enabled.

EC w/PLL 8x External clock input (4-10 MHz), OSC2 pin is I/0, 8x PLL enabled.

EC w/PLL 16x External clock input (4-7.5 MHz), OSC2 pin is I/O, 16x PLL enabled®.
ERC External RC oscillator, OSC2 pin is Fosc/4 output(®).

ERCIO External RC oscillator, OSC2 pin is 1/0®),

FRC 7.37 MHz internal RC oscillator.

FRC w/PLL 4x 7.37 MHz Internal RC oscillator, 4x PLL enabled.

7.37 MHz Internal RC oscillator, 8x PLL enabled.
7.37 MHz Internal RC oscillator, 16x PLL enabled.

LPRC

512 kHz internal RC oscillator.

Note 1. dsPIC30F maximum operating frequency of 120 MHz must be met.
2. LP oscillator can be conveniently shared as system clock, as well as real-time clock for Timer1.
3: Requires external R and C. Frequency operation up to 4 MHz.
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17.4 Watchdog Timer (WDT)

1741 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.

17.4.2 ENABLING AND DISABLING
THE WDT

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

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

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

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

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

17.5 Low-Voltage Detect

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

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

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

17.6 Power-Saving Modes

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

The format of the PWRSAV instruction is as follows:

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

17.6.1 SLEEP MODE

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

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

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

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

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

« any Reset (POR, BOR and MCLR)
e 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.

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.

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

If EC, FRC, LPRC or ERC oscillators are used, then a
delay of TPOR (~ 10 pus) 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 TPorR. PWRT delay and OST
timer delay are not applied. In order to have the
smallest possible start-up delay when waking up from
Sleep, one of these faster wake-up options should be
selected before entering Sleep.

© 2010 Microchip Technology Inc.
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All instructions are a single word, except for certain
double-word instructions, which were made
double-word instructions so that all the required
information is available in these 48 bits. In the second
word, the 8 MSbs are ‘O's. If this second word is
executed as an instruction (by itself), it will execute as
a NOP.

Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the
instruction. In these cases, the execution takes two
instruction cycles with the additional instruction
cycle(s) executed as a NOP. Notable exceptions are the

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 “MCU and DSC Programmer’s

Reference Manual” (DS70157).

BRA  (unconditional/computed  branch), indirect

CALL/GOTO, all

reads and writes, and

TABLE 18-1: 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”
{1} 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 e {W13, [W13]+=2}
bit4 4-bit bit selection field (used in word addressed instructions) € {0...15}
C,DC,N, 0V, 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}
litd 1-bit unsigned literal € {0,1}
lit4 4-bit unsigned literal € {0...15}
lits 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}
Slité 6-bit signed literal € {-16...16}
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TABLE 20-9:

DC CHARACTERISTICS: I/0O PIN OUTPUT 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

Pa'l\;im Symbol Characteristic Min Typ(l) Max | Units Conditions
VoL Output Low Voltage®
DO10 I/O ports — — 0.6 V |loL=8.5mA, VDD =5V
— — 0.15 V |loL=2.0 mA, VDD = 3V
DO16 OSC2/CLKO — — 0.6 V |loL=1.6 mA, VDD =5V
(RC or EC Osc mode) — — 0.72 V |loL=2.0 mA, VDD = 3V
VOH Output High Voltage®
D020 I/O ports Vbb-0.7| — — V  |loH=-3.0 mA, VDD =5V
VbD-0.2 | — — V  |IoH =-2.0 mA, VDD = 3V
DO26 OSC2/CLKO VDD - 0.7 — — \Y IoH =-1.3 mA, VDD = 5V
(RC or EC Osc mode) Vbb-0.1| — — V |loH=-2.0 mA, VDD = 3V
Capacitive Loading Specs
on Output Pins®
DO50 |Cosc2 |OSC2/SOSC2 pin — — 15 pF |In XTL, XT, HS and LP modes
when external clock is used to
drive OSC1.
DO56 |Cio All'I/O pins and OSC2 — — 50 pF |RC or EC Osc mode
DO58 |Cs SCL, SDA — — 400 pF  |In I°C mode
Note 1. Datain “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.
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21.0 PACKAGING INFORMATION

21.1

Package Marking Information
18-Lead PDIP Example
XXXXXXXXXKXXXXXXXXK dsPIC30F3012
D XOXRXXXRIXXXXXXXXX () D 30IPE3) O
YYWWNNN
o B o Q 0610017
18-Lead SOIC Example
XXXXXXXXXXXX dsPIC30F2011
XXXXXXXXXXXX 301/SOE3)
XXXXXXXXXXXX
o YYWWNNN o R 0610017
28-Lead SPDIP Example
XXXXXXXXXKXKXXXXXX dsPIC30F2012
) Q XXXXXXXXXKXXKXXXXXX ) 301/SP(e3)
A\ YYWWNNN R\ 0610017

O

Legend: XX...X
Y
YY
ww
NNN
€3

*

Customer-specific information

Year code (last digit of calendar year)

Year code (last 2 digits of calendar year)
Week code (week of January 1 is week ‘01’)
Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)

This package is Pb-free. The Pb-free JEDEC designator (@)

can be found on the outer packaging for this package.

Note:

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

© 2010 Microchip Technology Inc.
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APPENDIX A: REVISION HISTORY

Revision D (August 2006)

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

This revision reflects these updates:
e Supported 12C Slave Addresses
(see Table 14-1)
» ADC Conversion Clock selection to allow
200 kHz sampling rate (see Section 16.0 “12-bit
Analog-to-Digital Converter (ADC) Module”)
» Operating Current (IDD) Specifications
(see Table 20-5)
« Idle Current (IIDLE) Specifications
(see Table 20-6)
« Power-Down Current (IPD) Specifications
(see Table 20-7)
« 1/O pin Input Specifications
(see Table 20-8)
* BOR voltage limits
(see Table 20-11)
« Watchdog Timer time-out limits
(see Table 20-21)

Revision E (December 2006)

This revision includes updates to the packaging
diagrams.

Revision F (May 2008)

This revision reflects these updates:

* Added FUSE Configuration Register (FICD)
details (see Section 17.7 “Device Configuration
Registers” and Table 17-8)

« Added Note 2 to Device Configuration Registers
table (Table 17-8)

« Updated Bit 10 in the UART2 Register Map (see
Table 15-2). This bit is unimplemented.

« Electrical Specifications:

- Resolved TBD values for parameters DO10,
D016, DO20, and DO26 (see Table 20-9)

- 10-bit High-Speed ADC tpDu timing
parameter (time to stabilize) has been
updated from 20 us typical to 20 ps maximum
(see Table 20-37)

- Parameter OS65 (Internal RC Accuracy) has
been expanded to reflect multiple Min and
Max values for different temperatures (see
Table 20-19)

- Parameter DC12 (RAM Data Retention
Voltage) has been updated to include a Min
value (see Table 20-4)

- Parameter D134 (Erase/Write Cycle Time)
has been updated to include Min and Max
values and the Typ value has been removed
(see Table 20-12)

- Removed parameters 0OS62 (Internal FRC
Jitter) and 0S64 (Internal FRC Drift) and
Note 2 from AC Characteristics (see
Table 20-18)

- Parameter OS63 (Internal FRC Accuracy)
has been expanded to reflect multiple Min
and Max values for different temperatures
(see Table 20-18)

- Updated Min and Max values and Conditions
for parameter SY11 and updated Min, Typ,
and Max values and Conditions for
parameter SY20 (see Table 20-21)

« Additional minor corrections throughout the
document
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