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dsPIC33F

dsPI C33F High-Performance 16-Bit
Digital Signal Controller Product Overview

Operating Range
e DC—40 MIPS (40 MIPS @ 3.0-3.6V, -40° to +85°C)
¢ Industrial temperature range (-40° to +85°C)

High-Performance DSC CPU

* Modified Harvard architecture

e C compiler optimized instruction set
* 16-bit wide data path

e 24-bit wide instructions

¢ Linear program memory addressing up to 4M
instruction words

¢ Linear data memory addressing up to 64 Kbytes
¢ 84 base instructions: mostly 1 word/1 cycle
» Sixteen 16-bit general purpose registers
* Two 40-bit accumulators:
- With rounding and saturation options
¢ Flexible and powerful addressing modes:
- Indirect, modulo and bit-reversed
» Software stack
* 16 x 16 fractional/integer multiply operations
¢ 32/16 and 16/16 divide operations
¢ Single-cycle multiply-and-accumulate:
- Accumulator write back for DSP operations
- Dual data fetch
¢ Up to +/- 16-bit shifts, for up to 40-bit data

Direct Memory Access (DMA)

¢ 8-channel hardware DMA

¢ Allows data transfer between RAM and a
peripheral while CPU is executing code (no cycle
stealing)

e 2 KB of dual-ported DMA buffer area (DMA RAM)
to store data transferred via DMA

* Most peripherals support DMA

Interrupt Controller

¢ 5-cycle latency
¢ 117 interrupt vectors

¢ Up to 67 available interrupt sources, up to
5 external interrupts

e 7 programmable priority levels
* 5 processor exceptions

Digital I/O

¢ Up to 85 programmable digital I/O pins

¢ Wake-up/Interrupt-on-Change on up to 24 pins
¢ Qutput pins can drive from 3.0V to 3.6V

All digital input pins are 5V tolerant

¢ 4 mA sink and source on all I/O pins

On-Chip Flash and SRAM

¢ Flash program memory, up to 256 Kbytes
¢ Data SRAM (up to 30 Kbytes):
- Includes 2 KB of DMA RAM

System Management

* Flexible clock options:
- External, crystal, resonator, internal RC
- Fully integrated PLL
- Extremely low jitter PLL
e Power-up timer
* Oscillator Start-up Timer/Stabilizer
¢ Watchdog timer with its own RC oscillator
¢ Fail-Safe Clock Monitor
* Reset by multiple sources

Power Management

¢ On-chip 2.5V voltage regulator
* Switch between clock sources in real time
¢ |dle, Sleep and Doze modes with fast wake-up

© 2005 Microchip Technology Inc.
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Timers/Capture/Compare/PWM

¢ Timer/Counters: up to nine 16-bit timers:
- Can pair up to make four 32-bit timers

- 1 timer runs as Real-Time Clock with external
32 kHz oscillator

- Programmable prescaler

¢ Input Capture (up to 8 channels):
- Capture on up, down or both edges
- 16-bit capture input functions
- 4-deep FIFO on each capture

¢ Qutput Compare (up to 8 channels):
- Single or Dual 16-Bit Compare mode
- 16-Bit Glitchless PWM mode

Communication Modules

¢ 3-wire SPI™ (up to 2 modules):

- Framing supports I/O interface to simple
codecs

- Supports 8-bit and 16-bit data

- Supports all serial clock formats and
sampling modes

- 8-word FIFO buffers
* 12C™ (up to 2 modules):
- Full Multi-Master Slave mode support
- 7-bit and 10-bit addressing
- Bus collision detection and arbitration
Integrated signal conditioning
- Address masking
e UART (up to 2 modules):
- Interrupt-on-address bit detect
- Wake-up-on-Start bit from Sleep mode
- 4-character TX and RX FIFO buffers
- LIN bus support
- IrDA® encoding and decoding in hardware
- High-Speed Baud mode
e Data Conversion Interface (DCI) module:
- Codec interface
- Supports 12S and AC’97 protocols

- Up to 16-bit data words, up to 16 words per
frame

- 4-word deep TX and RX buffers
¢ Enhanced CAN 2.0B active (up to 2 modules):

- Up to 8 transmit and up to 16 receive buffers

- 16 receive filters and 3 masks

- Loopback, Listen Only and Listen All
Messages modes for diagnostics and bus
monitoring

- Wake-up on CAN message

- FIFO mode using DMA

Motor Control Peripherals
Motor Control PWM (up to 8 channels):

4 duty cycle generators

Independent or Complementary mode
Programmable dead time and output polarity
Edge or center-aligned

Manual output override control

Up to 2 Fault inputs

Trigger for A/D conversions

PWM frequency for 16-bit resolution

(@ 40 MIPS) = 1220 Hz for Edge-Aligned
mode, 610 Hz for Center-Aligned mode
PWM frequency for 11-bit resolution

(@ 40 MIPS) = 39.1 kHz for Edge-Aligned
mode, 19.55 kHz for Center-Aligned mode

Quadrature Encoder Interface module:

Phase A, Phase B and index pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

Interrupt on position counter rollover/
underflow

Analog-to-Digital Converters

Up to two 10-bit or 12-bit A/D modules in a device
10-bit 2.2 Msps or 12-bit 1 Msps conversion:

2 or 4 simultaneous samples
Up to 32 input channels with auto-scanning
16-deep result buffer

Conversion start can be manual or
synchronized with 1 of 4 trigger sources

Conversion possible in Sleep mode
+1 LSB max integral nonlinearity
+1 LSB max differential nonlinearity

CMOS Flash Technology

e Low-power, high-speed Flash technology
Fully static design

3.3V (+/- 10%) operating voltage
Industrial temperature

Low-power consumption

Packaging:
¢ 100-pin TQFP (14x14x1 mm and 12x12x1 mm)

« 80-pin TQFP (12x12x1 mm)
« 64-pin TQFP (10x10x1 mm)

Note:

See Table 1-1 and Table 1-2 for exact
peripheral features per device.
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1.0
1.1

General Purpose Family

dsPIC33F PRODUCT FAMILIES

The dsPIC33F General Purpose Family (Table 1-1)
is ideal for a wide variety of 16-bit MCU embedded
applications. The variants with codec interfaces are
well-suited for audio applications.

TABLE 1-1: dsPIC33F GENERAL PURPOSE FAMILY VARIANTS
= | o |8 5 g
2|2 |ES| 48| 5
. . _|ProgramFlash | RAM® | @ | § |62 | 8 8 2 ElElE|=z]|2
Device Pins Memory (KB) (KB) 5 8 ; = 8 s 8 g a o&_) 5 g Packages
R I  - S
- =
3 g
33FJ64GP206 64 64 8 9 8 8 1AD, | 2 | 2 1 0 |53 PT
18 ch
33FJ64GP306 64 64 16 9 8 8 1AD, |2 |2 | 2 | 0 |53 PT
18 ch
33FJ64GP310 100 64 16 9 8 8 1AD, | 2 | 2| 2| 0|85 PF, PT
32 ch
33FJ64GP706 64 64 16 9 8 8 2AD, [ 2 |2 | 2| 2 |53 PT
18 ch
33FJ64GP708 80 64 16 9 8 8 2AD, [ 2 |2 | 2| 2 |69 PT
24 ch
33FJ64GP710 100 64 16 9 8 8 2AD, | 2 |2 | 2| 2 |85 PF, PT
32 ch
33FJ128GP206 | 64 128 8 9 8 8 1AD, | 2 | 2 1 0 |53 PT
18 ch
33FJ128GP306 | 64 128 16 9 8 8 1AD, |2 |2 | 2| 0|53 PT
18 ch
33FJ128GP310 | 100 128 16 9 8 8 1AD, | 2 | 2| 2| 0|85 PF, PT
32 ch
33FJ128GP706 | 64 128 16 9 8 8 2AD, [ 2 |2 | 2| 2 |53 PT
18 ch
33FJ128GP708 | 80 128 16 9 8 8 2AD, [ 2 |2 | 2| 2 |69 PT
24 ch
33FJ128GP710 | 100 128 16 9 8 8 2AD, | 2 |2 | 2| 2 |85 PF, PT
32 ch
33FJ256GP506 | 64 256 16 9 8 8 1AD, | 2 |2 | 2 1 | 53 PT
18 ch
33FJ256GP510 | 100 256 16 9 8 8 1AD, | 2 |2 | 2 11|85 PF, PT
32 ch
33FJ256GP710 | 100 256 30 9 8 8 2AD, [ 2 |2 | 2| 2|85 PF, PT
32 ch
Note 1: RAM size is inclusive of 2 KB DMA RAM.

2: Maximum I/O pin count includes pins shared by the peripheral functions.

© 2005 Microchip Technology Inc.
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1.2 Motor Control Family

This family of
supports a variety of motor control applications, such
as brushless DC motors, single and 3-phase induction
motors and switched

dsPIC33F controllers

(Table 1-2)

reluctance motors.

Supply (UPS),
supplies,

These

products are also well-suited for Uninterrupted Power

power

inverters,
factor

Switched mode power
correction and also for
controlling the power management module in servers,
telecommunication equipment and other industrial
equipment.

TABLE 1-2: dsPIC33F MOTOR CONTROL AND POWER CONVERSION FAMILY VARIANTS
= @
= 2| § |3 8 5 g
Program a2 g—g 3 | 58| % T - p
m| @ g 8| e : zlzlz|=
Device Pins |  F1ash |RAM T| 8|8k < gt £ s C|/5| 0| <| 5 | Packages
Memory | (KB) | ¢ | = | = 5 Q 59 © o S|lo|l¥|O| e
£ 3 3 & o ""“' c o —
(KB) — o 2— (/2] . - k<] [a] o
Fl g5 e |T Q < o
o o S o =
= | o
33FJ64MC506 64 64 8 8 8 8ch 1 0 1AD, |2 (2|2 | 1|58 PT
16 ch
33FJ64MC508 80 64 8 9 8 8 8ch 1 0 1AD, |2 (2|2 |1]|69 PT
18 ch
33FJ64MC510 100 64 8 9 8 8 8ch 1 0 1AD, |2 (2|2 1|85 PF, PT
24 ch
33FJ64MC706 64 64 16 9 8 8 8ch 1 0 2AD, |2 |2 |2 | 1]58 PT
16 ch
33FJ64MC710 100 64 16 9 8 8 8ch 1 0 2ADD, |2 |2 |2 ]| 2|85 PF, PT
24 ch
33FJ128MC506 | 64 128 8 9 8 8 8ch 1 0 1AD, |2 |22 ]| 1|53 PT
16 ch
33FJ128MC510 | 100 128 8 9 8 8 8ch 1 0 1AD, |2 (2|2 1|85 PF, PT
24 ch
33FJ128MC706 | 64 128 16 9 8 8 8ch 1 0 2AD, |2 |2 |2 | 1|53 PT
16 ch
33FJ128MC708 | 80 128 16 9 8 8 8ch 1 0 2AD, |2 |2 |2 | 1|69 PT
18 ch
33FJ128MC710 | 100 128 16 9 8 8 8ch 1 0 2AD, |2 |2 |2 ]| 2|85 PF, PT
24 ch
33FJ256MC510 | 100 256 16 9 8 8 8ch 1 0 1AD, |2 |22 ]| 1|85 PF, PT
24 ch
33FJ256MC710 | 100 256 30 9 8 8 8ch 1 0 2AD, |2 |2 |2 ]| 2|85 PF, PT
24 ch

Note 1: RAM size is inclusive of 2 KB DMA RAM.
2:  Maximum /O pin count includes pins shared by the peripheral functions.
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PRODUCT IDENTIFICATION SYSTEM

Architecture

Microchip Trademark J

dsPIC 33 FJ 256 GP7 10T 1/PT - XXX

Product Group
Pin Count

Flash Memory Family

Program Memory Size (KB)

Package

Tape and Reel Flag (if applicable)
Temperature Range

Pattern

Architecture

Flash Memory Family

Product Group

Pin Count

Temperature Range

Package

Pattern

33

FJ

GP2
GP3
GP5
GP7
MC5
MC7

06
10

PT
PF

16-bit Digital Signal Controller

Flash program memory, 3.3V

General Purpose family
General Purpose family
General Purpose family
General Purpose family
Motor Control family
Motor Control family

64-pin
80-pin
100-pin

-40°C to +85°C (Industrial)

10x10 or 12x12 mm TQFP (Thin Quad Flatpack)
14x14 mm TQFP (Thin Quad Flatpack)

Three-digit QTP, SQTP, Code or Special Requirements
(blank otherwise)

ES

Engineering Sample

Examples:

a)

b)

dsPIC33FJ256GP7101/PT-PS:

General Purpose dsPIC33, 64 KB program
memory, 100-pin, Industrial temp.,

TQFP package, Prototype Sample.
dsPIC33FJ64MC7061/PT-ES:

Motor Control dsPIC33, 64 KB program
memory, 64-pin, Industrial temp.,

TQFP package, Engineering Sample.

© 2005 Microchip Technology Inc. Preliminary
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2.0 dsPIC33F DEVICE FAMILY
OVERVIEW

The dsPIC33F device family employs a powerful 16-bit
architecture that seamlessly integrates the control
features of a Microcontroller (MCU) with the
computational capabilities of a Digital Signal Processor
(DSP). The resulting functionality is ideal for
applications that rely on high-speed, repetitive
computations, as well as control.

The DSP engine, dual 40-bit accumulators, hardware
support for division operations, barrel shifter, 17 x 17
multiplier, a large array of 16-bit working registers and

a wide variety of data addressing modes, together
provide the dsPIC33F Central Processing Unit (CPU)
with extensive mathematical processing capability.
Flexible and deterministic interrupt handling, coupled
with a powerful array of peripherals, renders the
dsPIC33F devices suitable for control applications.
Further, Direct Memory Access (DMA) enables
overhead-free transfer of data between several
peripherals and a dedicated DMA RAM. Reliable, field
programmable Flash program memory ensures
scalability of applications that use dsPIC33F devices.

Figure 2-1 shows a sample device block diagram
typical of the dsPIC33F product family.

FIGURE 2-1: dsPIC33F DEVICE BLOCK DIAGRAM
- X-Data Bus <16-bit>
A A Y-Data Bus <16-bit>

r-—mT--—-—-—-— - -+t - - - - — a
| Barrel Shifter | .

—— 17 x 17 Multiplier Y AGU > Data SRAM
I y | up to <>
| A X AGU || 28 Kbytes
I ‘_ Y Ty | <»| /O Ports

Y
\
! W Register - Program Flash !
I ACCA<40> - Array Memory Data |
| 16X 16 Access |
ACCB<40>
| Memory |
| DSP Engine |+ Mapped - | P
Program Counter | , Flash <% Peripherals
I <23 bits> 25 | Program |
|| Divide Control [% I | Memory 777
\ \ up to
| Instruction | 256 Kbytes
I > 16-bit ALU Prefetch & Decode | | 24
| Legend: — . | Dual Port
| =» MCU/DSP X-Data Path _,| Status Register | | RAM I Dua
| = DSP Y-Data Path | 2 Kbytes Controller
| — Address Path |
\ J y Y

L — — — — — — — o = |
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3.0 CPUARCHITECTURE

3.1 Overview

The dsPIC33F CPU module has a 16-bit (data)
modified Harvard architecture with an enhanced
instruction set, including significant support for DSP.
The CPU has a 24-bit instruction word with a variable
length opcode field. The Program Counter (PC) is
23 bits wide and addresses up to 4M x 24 bits of user
program memory space. The actual amount of program
memory implemented, as illustrated in Figure 3-1,
varies from one device to another. A single-cycle
instruction prefetch mechanism is used to help
maintain  throughput and provides predictable
execution. All instructions execute in a single cycle,
with the exception of instructions that change the
program flow, the double word move (MOV.D)
instruction and the table instructions. Overhead-free
program loop constructs are supported using the DO
and REPEAT instructions, both of which are
interruptible at any point.

The dsPIC33F devices have sixteen 16-bit working
registers in the programmer’s model. Each of the
working registers can serve as a data, address or
address offset register. The 16th working register
(W15) operates as a software Stack Pointer (SP) for
interrupts and calls.

The dsPIC33F instruction set has two classes of
instructions: the MCU class of instructions and the DSP
class of instructions. These two instruction classes are
seamlessly integrated into a single CPU. The
instruction set includes many addressing modes and is
designed for optimum C compiler efficiency.

3.1.1 DATA MEMORY OVERVIEW

The data space can be addressed as 32K words or
64 Kbytes and is split into two blocks, referred to as X
and Y data memory. Each memory block has its own
independent Address Generation Unit (AGU). The
MCU class of instructions operates solely through the
X memory AGU, which accesses the entire memory
map as one linear data space. Certain DSP instructions
operate through the X and Y AGUs to support dual
operand reads, which splits the data address space
into two parts. The X and Y data space boundary is
device specific.

The upper 32 Kbytes of the data space memory map
can optionally be mapped into program space at any
16K program word boundary defined by the 8-bit
Program Space Visibility Page (PSVPAG) register. The
program-to-data space mapping feature lets any
instruction access program space as if it were data
space.

The data space includes 2 Kbytes of DMA RAM, which
is primarily used for DMA data transfers, but may be
used as general purpose RAM.

FIGURE 3-1: PROGRAM SPACE
MEMORY MAP
A Reset — GOTO Instruction 000000
Reset — Target Address 000002
Reserved 0000041\
Osc. Fail Trap Vector
Address Error Trap Vector
Stack Error Trap Vector
Math Error Trap Vector
DMA Error Vector
Reserved Vector 59
Reserved Vector 535
000014 | & ©
Interrupt Vector Table
" . 0000FE
eserve 000100
g 0001 04v
£ § Alternate Vector Table
= & 0001FE
& 000200
=}
User Flash
Program Memory
(87296 x 24-bit)
02ABFE
02AC00
Reserved
Y 7FFFFE
A 800000
Reserved
F
o
€
s
BH
=]
2
c
8
F7FFFE
Device Configuration F80000
Registers (12 x 8-bit) F80016
F80018
Reserved
FEFFFE
Device ID (2 x 16-bit) FF0000
FF0002
Y Reserved FFo004
—_— FFFFFE

© 2005 Microchip Technology Inc.
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3.1.2 ADDRESSING MODES OVERVIEW

Overhead-free circular buffers (modulo addressing) are
supported in both X and Y address spaces. The
modulo addressing removes the software boundary
checking overhead for DSP algorithms. Furthermore,
the X AGU circular addressing can be used with any of
the MCU class of instructions. The X AGU also
supports bit-reversed addressing to greatly simplify
input or output data reordering for radix-2 FFT
algorithms.

The CPU supports Inherent (no operand), Relative,
Literal, Memory Direct, Register Direct and Register
Indirect Addressing modes. Each instruction is
associated with a predefined addressing mode group
depending upon its functional requirements. As many
as 6 addressing modes are supported for each
instruction.

For most instructions, the dsPIC33F 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, three parameter instructions can be
supported, allowing A + B = C operations to be
executed in a single cycle.

3.1.3 DSP ENGINE OVERVIEW

The DSP engine 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.
The barrel shifter is capable of shifting a 40-bit value,
up to 16 bits right or 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 instruction and other
associated instructions can concurrently fetch two data
operands from memory while multiplying two W
registers and accumulating and optionally saturating
the result in the same cycle. This instruction
functionality requires that the RAM memory data space
be split for these instructions and linear for all others.
Data space partitioning is achieved in a transparent
and flexible manner through dedicating certain working
registers to each address space.

3.1.4 SPECIAL MCU FEATURES

The dsPIC33F features a 17-bit by 17-bit, single-cycle
multiplier that is shared by both the MCU ALU and DSP
engine. The multiplier can perform signed, unsigned
and mixed-sign multiplication. Using a 17-bit by 17-bit
multiplier for 16-bit by 16-bit multiplication not only
allows you to perform mixed-sign multiplication, it also
achieves accurate results for special operations such
as (-1.0) x (-1.0).

The dsPIC33F supports 16/16 and 32/16 divide
operations, both fractional and integer. All divide
instructions are iterative operations. They must be
executed within a REPEAT loop, resulting in a total
execution time of 19 instruction cycles. The divide
operation can be interrupted during any of those 19
cycles without loss of data.

A 40-bit barrel shifter is used to perform up to a 16-bit
left or right shift in a single cycle. The barrel shifter can
be used by both MCU and DSP instructions.

3.1.5 INTERRUPT OVERVIEW

The dsPIC33F has a vectored exception scheme with
up to 5 sources of non-maskable traps and 67 interrupt
sources. Each interrupt source can be assigned to one
of seven priority levels.

3.1.6 FEATURES TO ENHANCE
COMPILER EFFICIENCY

In addition to extensive DSP capability, the CPU
architecture possesses several features that lead to a
more efficient (code size and speed) C compiler.

1. For most instructions, three-parameter instruc-
tions can be supported, allowing A + B = C
operations to be executed in a single cycle.

2. Instruction addressing modes are extremely
flexible to meet compiler needs.

3. 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 the software Stack Pointer
for interrupts and calls.

4. Linear indirect access of all data space is
possible, plus the memory direct address range
is up to 8 Kbytes. This capability, together with
the addition of 16-bit direct address MOv-based
instructions, has provided a contiguous linear
addressing space.

5. Linear indirect access of 32K word (64 Kbyte)
pages within program space is possible, using
any working register via new table read and
write instructions.

6. Part of data space can be mapped into program
space, allowing constant data to be accessed as
if it were in data space.

DS70155C-page 8

Preliminary

© 2005 Microchip Technology Inc.



dsPIC33F

3.2 Programmer’s Model

The programmer’s model, shown in Figure 3-2,
consists of 16 x 16-bit working registers (WO through
WA15), 2 x 40-bit accumulators (ACCA and ACCB),
Status Register (SR), Data Table Page register
(TBLPAG), Program Space Visibility Page register
(PSVPAG), DO and REPEAT registers (DOSTART,
DOEND, DCOUNT and RCOUNT) and Program
Counter (PC). The working registers can act as data,
address or offset registers. All registers are memory
mapped. WO is the W register for all instructions that
perform file register addressing.

Some of these registers have a shadow register
associated with them (see the legend in Figure 3-2).
The shadow register is used as a temporary holding
register and can transfer its contents to or from its host
register upon some event occurring in a single cycle.
None of the shadow registers are accessible directly.

When a byte operation is performed on a working
register, only the Least Significant Byte of the target
register is affected. However, a benefit of memory
mapped working registers is that both the Least and
Most Significant Bytes can be manipulated through
byte-wide data memory space accesses.

W15 is the dedicated software Stack Pointer (SP). It is
automatically modified by exception processing and
subroutine calls and returns. However, W15 can be
referenced by any instruction in the same manner as all
other W registers. This simplifies the reading, writing
and manipulation of the Stack Pointer (e.g., creating
stack frames).

W14 has been dedicated as a Stack Frame Pointer, as
defined by the LNK and ULNK instructions. However,
W14 can be referenced by any instruction in the same
manner as all other W registers.

The Stack Pointer always points to the first available
free word and grows from lower addresses towards
higher addresses. It pre-decrements for stack pops
(reads) and post-increments for stack pushes (writes).

© 2005 Microchip Technology Inc.
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FIGURE 3-2: PROGRAMMER’S MODEL
15 0 Legend
WO/WREG A e . )
J’ I -us 5 Shecon
DIV and MUL W1
Result Registers W2 | I:l DO Shadow |
Lo |
L W3
W4
MAC Operand W5
Regist 3
egisters W6
W7
~— Working Registers
s > g Reg
W9
MAC Address S
Registers W10
W11
~—
W12/MAC Offset
W13/MAC Write Back
W14/Frame Pointer
W15*/Stack Pointer / *W15 and SPLIM not shadowed
SPLIM* ‘ Stack Pointer Limit Register
39 31 15 0
DSP ACCA
Accumulators ACCB
22 0
‘ Program Counter
7 0
| TBLPAG | Data Table Page Address
7 0
| PSVPAG ‘ Program Space Visibility Page Address
15 0
| RCOUNT | REPEAT Loop Counter
15 0
| DCOUNT H DO Loop Counter
22 0
| DOSTART n DO Loop Start Address
22 0
| DOEND n DO Loop End Address
15 0
‘ CORCON ‘ Core Configuration Register

» -l

| oA [ 0B | sA | sB |0AB|sAB| DA w"%z\ IPL1[IPLO| RA| N [ov] z | © Status Register

-
3

SRH

>

SRL

-
Lol
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3.3 Data Address Space

The core has two data spaces, X and Y. These data
spaces can be considered either separate (for some
DSP instructions), or as one unified linear address
range (for MCU instructions). The data spaces are
accessed using two Address Generation Units (AGUSs)
and separate data paths. This feature allows certain
instructions to concurrently fetch two words from RAM,
thereby enabling efficient execution of DSP algorithms
such as Finite Impulse Response (FIR) filtering and
Fast Fourier Transform (FFT).

3.3.1 X AND Y DATA SPACES

The X data space is used by all instructions and
supports all addressing modes. There are separate
read and write data buses for X data space. The X read
data bus is the read data path for all instructions that
view data space as combined X and Y address space.
It is also the X data prefetch path for the dual operand
DSP instructions (MAC class).

The Y data space is used in concert with the X data
space by the MAC class of instructions (CLR, ED,
EDAC, MAC, MOVSAC, MPY, MPY.N and MSC) to
provide two concurrent data read paths.

Both the X and Y data spaces support Modulo
Addressing for all instructions, subject to addressing
mode restrictions. Bit-Reversed Addressing is only
supported for writes to X data space.

All data memory writes, including in DSP instructions,
view data space as combined X and Y address space.
The boundary between the X and Y data spaces is
device-dependent (an example is shown in Figure 3-3)
and is not user-programmable.

All effective addresses are 16 bits wide and point to
bytes within the data space. Therefore, the data space
address range is 64 Kbytes or 32K words, though the
implemented memory locations vary from one device to
another.

3.3.2 DMA RAM

Every dsPIC33F device contains 2 Kbytes of DMA RAM
located at the end of Y data space. Memory locations in
the DMA RAM space are accessible simultaneously by
the CPU and the DMA Controller module. DMA RAM is
utilized by the DMA Controller to store data to be
transferred to various peripherals using DMA, as well as
data transferred from various peripherals using DMA.

When the CPU and the DMA Controller attempt to
concurrently write to the same DMA RAM location, the
hardware ensures that the CPU is given precedence in
accessing the DMA RAM location. Therefore, the DMA
RAM provides a reliable means of transferring DMA
data without ever having to stall the CPU.

3.3.3 DATA SPACE WIDTH

The core data width is 16 bits. All internal registers are
organized as 16-bit wide words. Data space memory is
organized in byte addressable, 16-bit wide blocks.
Figure 3-3 depicts a sample data space memory map
for the dsPIC33F device with 33 Kbytes of RAM.

3.3.4 DATA ALIGNMENT

To help maintain backward compatibility with
PICmicro® devices and improve data space memory
usage efficiency, the dsPIC33F instruction set supports
both word and byte operations. Data is aligned in data
memory and registers as words, but all data space EAs
resolve to bytes. Data byte reads will read the complete
word which contains the byte, using the Least
Significant bit (LSb) of any EA to determine which byte
to select.

As a consequence of this byte accessibility, all effective
address calculations are internally scaled. For
example, the core would recognize that Post-Modified
Register Indirect Addressing mode, [Ws++], will result
in a value of Ws + 1 for byte operations and Ws + 2 for
word operations.

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported.
Should a misaligned read or write be attempted, a trap
will then be executed, allowing the system and/or user
to examine the machine state prior to execution of the
address Fault.

© 2005 Microchip Technology Inc.
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FIGURE 3-3: SAMPLE DATA SPACE MEMORY MAP
Most Significant Byte Least Significant Byte
Address 16 Bits Address
- -
MSB LSB
' 0x0000
2-Kbyte 0x0001 SFR Space
SFR Space 0XO7FF | 0x07FE
0x0801 | 0x0800
8-Kbyte I
X Data RAM (X)
Data Space !
______ |_ _— — — 4
I
OX3FFF | 0x3FFE
0x4001 I 0x4000
I
Y Data RAM (Y)
I
I
0x77FF I 0x77FE
0x7801 [ 0x7800
DMA |RAM
Ox7FFF l OX7FFE
 0x8001 0x8000
X Data
Unimplemented (X)
|
I
Optionally |
Mapped |
into Program
Memory |
I
I
I
OxFFFF ' OxFFFE
T~
Note: This data memory map is for the largest memory dsPIC33F device. Data memory maps for other

devices may vary.
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3.4 DSP Engine

The DSP engine consists of a high-speed, single-
cycle, 17-bit x 17-bit multiplier, a barrel shifter and a
40-bit adder/subtractor with two target accumulators,
round and saturation logic, all of which enable efficient
execution of computationally intensive DSP
algorithms. The 17-bit x 17-bit multiplier is also utilized
for MCU-based multiply instructions.

The DSP engine also has the capability to perform
inherent accumulator-to-accumulator operations, which
require no additional data. These instructions are ADD,
SUB and NEG. This feature greatly simplifies basic
arithmetic operations on 32-bit or 40-bit data.

A block diagram of the DSP engine is shown in
Figure 3-4.

3.4.1 17 x 17-BIT MULTIPLIER

The 17 x 17-bit multiplier is capable of signed or
unsigned operation. It can suitably scale its output to
support either 1.31 fractional (Q31) or 32-bit integer
results, thereby diminishing the need to manually
post-process multiplication results for fractional data.

3.4.2 40-BIT ACCUMULATORS

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

The adder/subtractor generates overflow status bits,
SA/SB and OA/OB, which are latched and reflected in
the Status register and can also optionally generate an
arithmetic error trap:

¢ 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 (OA/OB) is set
whenever all the guard bits are not identical to
each other.

3.4.3 SATURATION AND OVERFLOW

The adder has an additional saturation block that
controls accumulator data saturation, if selected. It
uses the result of the adder, the overflow status bits
described above and the user-configured control bits to
determine when to saturate and to what value to
saturate (a 40-bit or a 32-bit value).

In addition to adder/subtractor saturation, writes to data
space can also be saturated, but without affecting the
contents of the source accumulator.

The rounding logic performs a conventional (biased) or
convergent (unbiased) data rounding function during
an accumulator write (store). The Round mode is user-
selectable. Rounding generates a 16-bit, 1.15 data
value, which is passed to the data space write
saturation logic. Data space write saturation ensures
that the data in the accumulator is written back
accurately even when rounding is performed. If
rounding is not indicated by the instruction, a truncated
1.15 data value is stored and the least significant word
is simply discarded.

© 2005 Microchip Technology Inc.
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FIGURE 3-4: DSP ENGINE BLOCK DIAGRAM
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4.0 DIRECT MEMORY ACCESS

Direct Memory Access (DMA) is a very efficient
mechanism of copying data between peripheral SFRs
(e.g., UART Receive register, Input Capture 1 buffer)
and buffers or variables stored in RAM with minimal
CPU intervention. The DMA Controller can
automatically copy entire blocks of data, without the
user software having to read or write peripheral Special
Function Registers (SFRs) every time a peripheral
interrupt occurs. To exploit the DMA capability, the
corresponding user buffers or variables must be
located in DMA RAM space.

The DMA Controller features eight identical data
transfer channels, each with its own set of control and
status registers. The UART, SPI, DCI, Input Capture,
Output Compare, ECAN™ and A/D modules can utilize
DMA. Each DMA channel can be configured to copy
data either from buffers stored in DMA RAM to
peripheral SFRs or from peripheral SFRs to buffers in
DMA RAM.

Each channel supports the following features:

* Word or byte-sized data transfers
* Transfers from peripheral to DMA RAM or DMA
RAM to peripheral

* Indirect addressing of DMA RAM locations with or
without automatic post-increment

* Peripheral Indirect Addressing — In some
peripherals, the DMA RAM read/write addresses
may be partially derived from the peripheral

¢ One-Shot Block Transfers — Terminating DMA
transfer after one block transfer

* Continuous Block Transfers — Reloading DMA
RAM buffer start address after every block
transfer is complete

¢ Ping-Pong Mode — Switching between two DMA
RAM start addresses between successive block
transfers, thereby filling two buffers alternately

¢ Automatic or manual initiation of block transfers

¢ Each channel can select from 32 possible
sources of data sources or destinations

For each DMA channel, a DMA interrupt request is
generated when a block transfer is complete.
Alternatively, an interrupt can be generated when half of
the block has been filled. Additionally, a DMA error trap
is generated in either of the following Fault conditions:

¢ DMA RAM data write collision between the CPU
and a peripheral

¢ Peripheral SFR data write collision between the
CPU and the DMA Controller

FIGURE 4-1: TOP LEVEL SYSTEM ARCHITECTURE USING A DEDICATED TRANSACTION BUS

Peripheral Indirect Address
DMA Controller |
r - — — _V - — /1
| —TT T | | | DMA
_ | | | | | Ready
| <§ [ | DMA | [ [ .
SRAM DMA RAM | gé : : Chanmels : : | Peripheral 3
PORT1 PORT2 | R | CPU_ DMA
A A A L _ﬂ o _A o A A
SRAM X-Bus Y DMADSBus Y Y
A CPU Peripheral DS Bus Y A Y A
A A
Y Vv Y
CPU DMA CPU DMA
Non-DMA DMA DMA
CPU Ready Ready Ready
Peripheral Peripheral 1 Peripheral 2
Note: CPU and DMA address buses are not shown for clarity.
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5.0 EXCEPTION PROCESSING

The dsPIC33F has four processor exceptions (traps)
and up to 67 sources of interrupts, which must be
arbitrated based on a priority scheme.

The processor core is responsible for reading the
Interrupt Vector Table (IVT) and transferring the
address contained in the interrupt vector to the
program counter.

The Interrupt Vector Table (IVT) and Alternate Interrupt
Vector Table (AIVT) are placed near the beginning of
program memory (0x000004) for ease of debugging.

The interrupt controller hardware pre-processes the
interrupts before they are presented to the CPU.
The interrupts and traps are enabled, prioritized and
controlled using centralized Special Function Registers.

Each individual interrupt source has its own vector
address and can be individually enabled and prioritized
in user software. Each interrupt source also has its own
status flag. This independent control and monitoring of
the interrupt eliminates the need to poll various status
flags to determine the interrupt source

Table 5-1 contains information about the interrupt
vector.

Certain interrupts have specialized control bits for
features like edge or level triggered interrupts, interrupt-
on-change, etc. Control of these features remains within
the peripheral module, which generates the interrupt.

The special DIST instruction can be used to disable
the processing of interrupts of priorities 6 and lower for
a certain number of instruction cycles, during which
the DISI bit remains set.

TABLE 5-1: INTERRUPT VECTORS
,\}’:;t;;r IVT Address AIVT Address Interrupt Source

8 0x000014 0x000114 INTO — External Interrupt 0
9 0x000016 0x000116 IC1 — Input Compare 1
10 0x000018 0x000118 OC1 — Output Compare 1
11 0x00001A 0x00011A T1 — Timer1
12 0x00001C 0x00011C DMAO — DMA Channel 0
13 0x00001E 0x00011E IC2 — Input Capture 2
14 0x000020 0x000120 OC2 - Output Compare 2
15 0x000022 0x000122 T2 — Timer2
16 0x000024 0x000124 T3 — Timer3
17 0x000026 0x000126 SPIHE - SPI1 Error
18 0x000028 0x000128 SPI1D — SPI1 Transfer Done
19 0x00002A 0x00012A U1RX — UART1 Receiver
20 0x00002C 0x00012C U1TX — UART1 Transmitter
21 0x00002E 0x00012E ADC1 — A/D Converter 1
22 0x000030 0x000130 DMA1 — DMA Channel 1
23 0x000032 0x000132 Reserved
24 0x000034 0x000134 12C1D - 12C1 Transfer Done
25 0x000036 0x000136 I2C1E — 12C1 Bus Collision E