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ABSTRACT

This thesis presents the comparison of Control Signal Patterns ultrasonic cleaner by using
the microprocessor for generating PWM, PWM phase shift control and PDM patterns, these
patterns are supplied in the 700 W full-bridge inverter to drive the ultrasonic transducers.
Resonant frequency (30 kHz) is tested in order to find the efficiency of ultrasonic cleaner which
one should be the best in flat and not flat equipment. The cleaning is focus on electrical and
electronic equipment by used WD-40 is liquid medium fill in the tank. Ultrasonic transducer can
generate ultrasonic wave to transfer electrical energy to mechanical energy. Cavitation and
implosion are occurred in liquid when ultrasonic wave travels through liquid medium in the
process of cleaning. The PWM pattern is fed in continuous signal to generate maximum cavitation
bubbles and implesion occurred when the bubbles is exploded. Then, uncontinuous signals : PS-
PWM and PDM patterns is used to control the size of cavitation bubbles in order not to get
maximum size. The cavitation of uncontinuous signal is occurred more than that of continuous
signal and used in a rough equipment board. The test is measured in weight from before and after
cleaning by feeding PWM, PS-PWM and PDM signal patterns. The weight is gone approximately
5.86, 6.51 and 8.06 g, respectively. When used uncontinuous signal for rough equipment board

will have efficacy because of small sizes of cavitation babbles.
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MiCROCHIP dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

Note: This data shest summarizes features of this group Peripheral Features:

of dsPIC30F devices and is not intended to be a complete - ; da

velen OIS - For e i jon on the CPLU. High current sinkfsource /O pins: 25 mNZlS mA
peripherals, register descriplions and . general device = Three 16-bit timersicounters; optionally pair up
functionality, refer lo the dsPIC3DF Family Reference 16-bit timers into 32-bit timer modules

Manual (DS7T0048). For more informalion on the device = . : 3

instruclion sel and programming, refer to the dsPIC30F Four 16-bit Capture input functions
Programmer's Reference Manual (DS70030). + Two 16-bit Compare/PWM output functions

- Dual Compare mode available

High Performance Modified RISC CPU: « 3awire SPI™ modules (supports 4 Frame modes)
» Modified Harvard architecture * 12C™ module supports Multi-Master/Slave mode
+ C compiler optimized instruction set architacture and 7-bit10-bit addressing
- 84 base instructions with flexible addressing « Addressable UART modules with FIFO buffers
modes
+ 24-bit wide instructions, 16-bit wide data path Motor Control PWM Module Features:
* 12 Kbytes on-chip Flash program space + 6 PWM output channels
* 512 bytes on-chip data RAM - Complementary or Independent Output
* 1 Kbyte non-volatile data EEPROM modas
* 16 x 16-bit working register array - Edge and Center Aligned modaes
* Up to 30 MIPs operation: * 4 duty cycle generators
- DC to 40 MHz external clock input * Dedicated time base with 4 modes
- 4 MHz-10 MHz oscillator input with *+ Programmable output polarity
PLL active (4x, Bx, 16x) * Dead time control for Complementary mode
* Upto 42 interrupt sources = Manual output control
* Three extemal Interrupt sources = Trigger for synchronized A/D conversions
- B user selectable priority levels
- 54 interrupt vectors Quadrature Encoder Interface Module
- 8 processor exceptions and software traps Features:

-

Phase A, Phase B and Index Pulse input

16-bit up/down position counter
* Module and Bit-Reversed modes » Count direction status

+ Two, 40-bit wide accumulators with optional
saturation logic

« 17-bit x 17-bit single cycle hardware fractionalf
integer multiplier

+ Single cycle Multiply-Accumulate (MAC) operation

= 40-stage Barrel Shifter

* Dual data fetch

DSP Engine Features:

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

Interrupt on pesition counter rolloverfunderflow

.

Analog Features:

= 10-bit Analog-to-Digital Converter (A/D) with:
- 500 Ksps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle

* Programmable Brown-out Detection and Reset
generation

£ 2004 Microchip Technology Inc. Preliminary DS701180-page 1
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dsPIC30F2010
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Special Microcontroller Features: » Deteds clock failure and switches to on-chip low

-

power RC oscilator

Enhanced Flash program memory: « Programmable chcheition

- 10,000 eraselwrite cycle (min.) for » In-Circuit Serial Programming™ (ICSP ™
industrial temperature range, 100K (typical) Bt Pomngamgemzm ) )

Data EEPROM memory:

- 100,000 erase/write cycle (min.) for - Sleep, Idle and Alternate Cleck modes
industrial temperature range. 1M (typical) )

Self-reprogrammable under software control CMOS Technology:

Power-on Reset (POR), Power-up Timer (PWRT) *+ Low power, high speed Flash technology

and Oscillator Start-up Timer (OST) * Wide operating voltage range (2.5V to 5.5V)

Flexible Watchdog Timer (WDT ) with on-chip low * Industrial and Extended temperature ranges

power RC oscillator for reliable operation

* Low power consumption
Fail-Safe clock monitor operation

dsPIC30F Motor Control and Power Conversion Family*

Program Qutput | Molor b =

Device | Pins.Mam. Bytes 3::‘: Ei:z?‘ . e Compists| Contol e — e g i fg 3
_ —— —————
dsPIC30F2010 | 28 | 42k@K | 512 | 1024 | 3 | 4 2 6ch [ 8ch |ves [t [1]1]-
dsPIC30F3010 | 28 | 24keK [ 1024 | i fe z. 8 ch Geh il ves |1 l1]a]-
dsPIC30F4012 | 28 | ask/teKk fzous | Al BT CAE Bch | Bch |ves |1 ]1]7 |0
dsPIC30F3011 4044 | 24K8K | 1024 | 024 [ sl 4] (8T | ea | gen [ves |2 |1]1]-
[esPicaoraott Jaoia | 4mkiaek | 2008 1024 | s il BT &) 6ch gch | ves |2 [1]3]9
[ospicaorsors | e | eskizzk [208 | 024 | 5 | 4 | 3 Boh | t6ch [ves[1|2]1]1
sPIC30F6010 | 80 | MaKipk |a1s2 | wose | 5 | o | e Boh | 18ch |ves |2 (2]1]2

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPIC 30F
Motor Control and Power Conversion Family are shown for feature comparison.

DS70118D-page 2 Preliminary = 2004 Microchip Technology Inc
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m

Pin Diagram
28-Pin SDIP and SOIC
WGLR AVoo
EMUDYANGVREr +/CNZRBO AVss
EMUCHANIAVREE-/CNIRBA PWMIL/REQ
AN2/SST/CNARB2 PWIHRE
ANY/INDX/CNSRB3 PWM2U/RE2
AN4/QEAICT/CNGRB4 PWM2HRES
ANS/QEBACS/CNT/RBS PWM3L/RE4
Vss PWM3H/RES
OSCHCLKI Voo
OSC2Z/CLKOMRC15 Vss
EMUD1/SCSCIT2CK/ANATX/CNIFRC 13 PGCAEMUC/UIRX/SDI/SDARF2
EMUC1/SOSCOMICKANARUCNIRC 14 PGDEMUDUATX/SDC 1/SCURFS
Voo FLTAANTOUSCKIOCFARES
EMUDZ/OC2NCHINTZ/RD1 EMUCZOCHICHINT HVRDO
28-Pin QFN

EMUCIANINVRET- ICN3/RB1
EMUDVANONREF+/CNZ/RBO

-
g
5z
L
=<
BRELIVY
AN2ISST/CNAFE2 | 1 @ 21 | PWM2L/RE2
ANFINDX/CNS RB3 |2 20 | PWMZH/RE3
ANGQEARCT/CNS/RBA | 3 19 | PWMILRES
ANS/QEBACB/CNT/RBS |4 dsPIC30F2010 18 | PWMBHIRES
Vss ) § 17 §vea
OSCHCLKIN } 5 16 vss
OSC2CLKORES §7 15 | PGLEMUC/UTRX/SDIVSDARE 2
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e
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1.0 DEVICE OVERVIEW

15

dsPIC30F2010

Note: This data sheel summarizes fealures of this group
of dsPIC30F devices and is not inlended 1o be a complels
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer lo the dsPIC3OF Family Refersnce
Manual {DS70046). For more informalion on Lhe device
instruction sel and programming, refer lo the dsPIC30F
Programmer's Referance Manual (DS70030).

This document contains device specific information for
the dsPIC30F2010 device. The dsPIC30F devices
contain extensive Digital Signal Processor (DSP) func-
tionality within a high performance 16-bit microcontrolier
(MCU) architecture. Figure 1-1 shows a device block
diagram for the dsPIC30F2010 device.

© 2004 Microchip Technology Inc.

Preliminary

DST0118D-page 5
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
Y Data Bus
3 X Dala B
! Jul 7 "s 8 s Me
Interrupt Data Latch| [Data Lalch
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10-6it ADC Caplure Compare C E
PWMIL/RED
Module Module PWMIH/RE 1
p ﬁ =X PWMZLREZ
L ﬁ PWHIZH/RES
{I IL {} {5 PWMIL/REA
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DS70118D-page 6 Preliminary % 2004 Mcrochip Technology Inc.
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Table 1-1 provides a brief description of device /O When multiplexing occurs, the peripheral module's

pinouts and the functions that may be multiplexed to a functional requirements may force an override of the

port pin. Multiple functions may exist on one port pin. data direction of the port pin.

TABLE 1-1: PINOUT IO DESCRIPTIONS

. Pin Buffer ekt
Pin Name Type Type Description

_ e ———

ANO-ANS | Analog |Analog input channels.

AVDD P P Positive supply for analog module.

AVss B P Ground reference for analog module.

CLKI | STICMOS |External dock source input. Always associated with OSC1 pin function.

CLKO (o] — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes. Always
associated with OSC2 pin function.

CNO-CN7 | ST Input change notification inputs.
Can be software programmed for intemal weak pull-ups on all inputs.

EMUD o ST ICD Primary Communication Channel data inputioutput pin.

EMUC 1o ST ICD Primary Communication Channel clock input/output pin.

EMUD1 1O ST ICD Secondary Communication Channel data input/output pin.

EMUCA1 Ho ST ICD Secondary Communication Channel clock input/output pin

EMUD2 110 ST ICD Tertiary Communication Channel data inputioutput pin.

EMUC2 1o ST ICD Tertiary Communication Channel dock input/output pin.

EMUD3 1o ST ICD Quaternary Communication Channel data input/output pin.

EMUC3 1O ST ICD Quaternary Communication Channel clock input/output pin.

IC1,IC2, IC7, 1 8T Capture inputs. The dsPIC30F 2010 has 4 capture inputs. The inputs are

IC8 numbered for consistency with the inputs on larger device variants.

INDX | ST Quadrature Encoder Index Pulse input.

QEA 1 ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB I ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

INTO I ST External interrupt 0

INTH1 | ST External interrupt 1

INT2 1 10 External interrupt 2

FLTA I ST PWM Fault A input

PWMIL 0 - PWM 1 Low output

PWM1H O — PWNM 1 High output

PWMZ2L o] - PWM 2 Low output

PWM2ZH (6] — PWM 2 High output

PWM3L O — PWM 3 Low output

PWM3H O - PWM 3 High output

MCLR VP ST Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.

OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).

OC1-0C2 &) — Compare outputs.

0scC1 | ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS other-

0sc2 11O - wise.
Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.

PGD o ST In-Circuit Serial Programming data input/output pin.

PGC I =7 In-Circuit Serial Programming clock input pin.

Legend: CMOS

ST
I

=CMOS compatible input or output Analog=  Analog input

=Schmitt Trigger input with CMOS levels 0= Output
=lnput P =

Powar

£ 2004 Microchip Techmology Inc.

Preliminary DS70118D-page 7
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TABLE 1-1:  PINOUT /O DESCRIPTIONS (CONTINUED)

: Pin Buffer 2
Pin Name Description
Type | Type 3
RBO-RB5 {e] ST PORTB is a bidirectional VO port
|RC13-RC14 1o ST PORTC is a bidirectional I/O port.
RDO-RD1 (e} ST PORTD is a bidirectional /O port.
RED-RES5, o ST PORTE is a bidirectional I/O port.
RES
RF2, RF3 1O ST PORTF is a bidirectional 1/O port.
SCK1 o] ST Synchronous serial dock input/output for SPI1.
Sbit I ST SPH Data In.
SDO1 o} - SPI1 Data Out
SS1 I ST SPH1 Slave Synchronization.
SCL 11O ST Synchronous serial clock inputfoutput for 12C.
SDA 1O ST  |Synchronous serial data inputeutput for I°C.
SOSCO o} — 32 kHz low power cscillator crystal output.
SOSCI I ST/CMOS (32 kHz low power oscillator crystal input. ST buffer when configured in RC
mode; CMOS ctherwise.
T1CK I ST Timer1 external clock input.
T2CK I ST Timer2 external clock input.
U1RX I ST UART1 Receive.
U1TX 0 — UART1 Transmit.
U1ARX I ST, UART1 Altemnate Receive.
U1ATX o] — UART1 Alternate Transmit
VoD P — Positive supply for logic and /O pins.
Vss P —  |Ground reference for logic and /O pins.
VREF+ I Analog |Analog Voltage Reference (High) input.
VREF- I Anaiog |Analog Voltage Reference (Low) input.

Legend: CMOS =CMOS compatible input or output Analog=  Analog input
ST =Schmitt Trigger input with CMOS levels O=  Output
I =input P = Power

DS70118D-page 8 Preiiminary @ 2004 Microchip Technology Ing.
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2.0 CPUARCHITECTURE
OVERVIEW

Note: This dala sheel summarizes features of this group
of dsPIC30F devices and is nol inlended to be a complele

reference source. memn::mm"“

programming, refer to the dsPlCJG’
Programmer’s Reference Manual (DSTO030),
This document provides a summary of the
dsPIC30F2010 CPU and peripheral function. For a
complete description of this functionality, please refer
tothe dsPIC30F Family Reference Manual (DS70046).

2.1 Core Overview

The core has a 24-bit instruction word. The Program
Counter (PC) is 23 bits wide with the Least Significant
(LS) bit always clear (see Section 3.1), and the Most
Significant (MS) bit is ignored during normal program
axecution, except for certain specialized instructions.
Thus, the PC can address up to 4M instruction words
of user program space. An instruciion pre-fetch mech-
anism is used to help 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.

The working register array consists of 16x16-bil 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) dass of dual source DSP
instructions operate through both the X and ¥ AGUs,
splitting the data address space into two paris (see
Section 3.2). The X and Y data space boundary is
device specific and cannot be altered by the user. Each
data word consists of 2 byles, 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,
cefined 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 pri-
marily 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 Section4.0 for detais on modulo and
bit-reversed addressing.

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

For mest instructions, the core is capabile 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 cyde. 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 induded 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 shified up to 15 bits
right or 16 bits left in a single cycle. The DSP instrue-
tions operate seamlassly 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 dass of instructions.

The core does not support a multi-stage instruction
pipeline. However, a single stage instruction pre-fetch
mechanism is used, which accesses and partially
decodes instructions a cyde ahead of execution, in
order to maximize available execution time. Most
instructions execute in a single cycle. with certain
exceplions.

The core features a vectored exception processing
structure for traps and interrupts, with 62 independent
vectors. The exceptions consist of up to 8 traps (of
which 4 are reserved) and 54 interrupts. Each interrupt
is prioritized based on a user assigned priority between
1 and 7 (1 being the lowest priority and 7 being the
highest) in conjunction with a predetermined ‘natural
order'. Traps have fixed priorities, ranging from 8 to 15.

© 2004 Microchip Technology Inc.
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2.2  Programmer’s Model

The programmer's mode! is shown in Figure 2-1 and
consists of 16x16-bit working registers (WO through
W15), 2x40-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 acts as the W register for file register
addressing.

Some of these registers have a shadow register asso-
ciated with each of them, as shown in Figure 2-1. The
shadow register is used as a temporary holding register
and can transfer its contents to or from its host register
upon the occurrence of an event. None of the shadow
registers are accessible directly. The following rules
apply for transfer of registers into and out of shadows
* PUSH.S and POP.S
WO, W1, W2, W3, SR (DC, N, OV, Z and C bits
only} are transferred.
* DO instruction
DOSTART, DOEND, DCOUNT shadows are
pushed on loop star, and popped on loop end.

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

2211 SOFTWARE STACK POINTER/
FRAME POINTER

The dsPIC® devices contain a software stack. W15 is
the dedicated software stack pointer (SP), and will be
automatically modified by exception processing and
subroutine calls and retums. However, W15 can ba ref-
erenced 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).

“Note: In order io protect against misaligned

| stack accesses, W15<0> is always clear.

W15 is initialized to Ox0B00 during a Reset. The user
may reprogram the SP during initialization to any
location within data space.

W14 has been dedicated as a stack frame pointer as
cefined by the Liix and ULNK instructions. However,
W14 can be referenced by any instruction in the same
manner as all other W registers.

222 STATUS REGISTER

The ¢sPIC core has a 16-bit status register (SR), the
LS Byte of which is referred to as the SR Low Byte
(SRL) and the MS Byte as the SR High Byte (SRH).
See Figure 2-1 for SR layout.

SRL contains all the MCU ALU operaticn status flags
(including the Z bit), as well as the CPU Interrupt Prior-
ity Level status bits. IPL<2:0>, and the REPEAT active
status bit, RA. During exception processing, SRL is
concatenated with the MS Byte of the PC to form a
complete word value which is then stacked.

The upper byte of the STATUS register contains the
DSP Adder/Subtracter status bits, the DO Loop Active
bit (DA} and the Digit Carry (DC) status bit.

a3 PROGRAM COUNTER

The Program Counter is 23 bits wide. Bit 0 is always
clear Therefore, the PC can address up to 4M
instruction words.

DS570118D-page 10
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FIGURE 2-1: PROGRAMMER'’S MODEL
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2.3  Divide Support

The dsPIC 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 operations, in the
form of single instruction iterative divides. The following
instructions and data sizes are supported:

1. DIVP - 16/16 signed fractional divide

DIV.sd— 32/16 signed divide

DIV.ud- 32/16 unsigned divide

DIV.sw— 16/16 signed divide

. DIV.uw-—16/16 unsigned divide

The 16/16 divides are similar to the 32/16 (same number
of iterations), but the dividend is either zero-extended or

9 ew N

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 instruc-
tion, as shown in Table 2-1 (REPEAT will execute the
target instruction {operand value+1} times). The
REPEAT loop count must be set up for 18 iterations of
the DIV/DIVF instruction. Thus, a complete divide
operation requires 19 cydes.

the user needs to save the context as

sign-extended during the first iteration. SPpIU:
TABLE 2-1: DIVIDE INSTRUCTIONS

Instruction Function
DIVFP Signed fractional divide: Wm/Wn -» WD, Rem — W1
DIV.sd Signed divide: (Wm+1:Wm)/Wn » W0; Rem » W1
DIV.ew (or DIV.s}) Signed divide: Wm/Wn - W0: Rem - W1
DIV.ud Unsigned divide: (Wm+1:Wm)Mn - WO; Rem —» W1
DIV.uw (or DIV.u} Unsigned divide: Wm/Wn — WO0; Rem -» W1

DS70118D-page 12
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2.4  DSP Engine

The DSP engine consists of a high speed 17-bit x
17-bit multiplier, a barrel shifter, and a 40-bit adder/
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The DSP engine has various options selected through
various bits in the CPU Core Configuration Register
(CORCON), as listed below:

subtractor (with two target accumulators, round and 1. Fractional or integer DSP multiply (IF).
saturation logic). 2. Signed or unsigned DSP multiply (US).
The DSP engine also has the capability to perform inher- 3. Conventional or convergent rounding (RND).
ent accumulatordo-accumulator operations, which 4. Automatic saturation on/off for AccA (SATA).
require no additional data. These instructions are ADD, 5. Automatic saturation on/off for AccB (SATB).
SUR and NEG 6. Automatic saturation on/off for writes to data
memory (SATDW).
7. Accumulator Saturation mode selection
(ACCSAT).

| Note: For CORCON layout, see Table 4-2. |
A block diagram of the DSP engine is shown in

Figure 2-2.
TABLE 2-2: DSP INSTRUCTION SUMMARY
Instruction Algebraic Operation ACC WB?
CLR A=0 Yes
ED A= (x- y)z No
EDAC A=A+ (x~y)? No
MAC A=A+ (x"y) Yes
MAC A=A+ No
MOVSAC No change in A Yes
MPY A=x"y | No
MPY.N A=-x"y No
MSC A=A-x"y Yes
% 2004 Microchip Technology Inc. Preliminary DS70118D-page 13
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2441 MULTIPLIER

The 17x17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the mul-
tiplierinput value. The output of the 17x17-bit multiplier
scaler is a 33-bit value, which is sign-extended to 40
bits. Integer data is inherently represented as a signed
bwo's complement value, where the MSB is defined as
a sign bit Generally speakmgkme ran?e of an N-bit
two's complement integer is -2%1to 2M1_ 1. Fora 16-
bitinteger, the data range is-32768 (0x2000) to 32767
(0x7FFF), including 0. For a 32-bit integer, the data
range is -2147483,848 (0x8000 0000} lo
2,147 483 645 (0x7FFF FEFF).

When the multiplier is configured for fractional multipti-
cation, the data is represented as a two's complement
fraction, where the MSB is defined as a sign bit and the
radix point is implied to lie just after the sign bit (QX for-
mat). The range of an N-bit two's complement fraction
with this implied radix point is -1.0 to (1-2"V). For a
16-bit fraction. the Q15 data range is -1.0 (0x3000) to
0.999968482 (0x7FFF), induding 0 and has a preci-
sion of 3.01518x10°>. In Fractional mode, a 16x16 mul-
tiply operation generates a 1.31 product, which has a
precision of 4.68661x10°1%.

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

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

242 DATA ACCUMULATORS AND
ADDER/SUBTRACTOR

The data accumulator consists of 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 posi-accumulation destina-
tion. For the ADD and LAC instructions, the data to be
accumulated or loaded can be optionally scaled via the
barrel shifter, prior to accumulation.

24.2.1 Adder/Subtractor, Overflow and
Saturation

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

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

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

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

Six status register bits have been provided to support
saluration and overflow; they are:

1 ~OA:
AccA overflowed into guard bits
2\ OB
AccB overflowed into guard bits
3 \\SA
AccA saturated (bit 31 overflow and saturation)
or
AccA overflowed into guard bits and saturated
(bit 39 overflow and saturation)
4. SB:
AccB saturated (bit 31 overflow and saturation)

or
AccB overflowed into guard bits and saturated
(bit 39 overflow and saturation)

5. OAB:
Logical OR of OA and GB
6. SAB

Logical OR of SAand SB

The OA and OB bits are modified each time data
passes through the adder/Subtractor. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39)
The OA and OB bits can also optionally generate an
arithmetic waming trap when set and the correspond-
ing overfiow trap flag enable bit (OVATEN. OVBTEN)in
the INTCON1 register (refer to Section 5.0) is set. This
aliows the user to take immediate action, for example,
to correct system gain.

% 2004 Microchip Technology Inc.
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The SA and SB bits are modified each time data passes
through the adder/subtractor, but can only be cleared by
the user. When set, they indicate that the accumulator
has overflowed its maximum range (bit 31 for 32-bit sat-
uration, or bit 39 for 40-bit saturation) and will be satu-
rated (ff saturation is enabled). When saturation is not
enabled, SA and SB default to bit 39 overflow and thus
indicate that a catastrophic overflow has occurred. If the
COVTE bit in the INTCON1 register is sel, SA and SB
bits will generale an arithmetic warning trap when satu-
ration is disabled.

The overflow and saturation status bits can optionally
be viewed in the Status Register (SR) asthe logical OR
of OA and OB (in bit OAB) and the logical OR of SA and
S8 (in bit SAB). This allows programmers to check one
bit in the Status Register to determine if either accumu-
lator has overflowed, or one bit to determine if either
accumulator has saturated This would be useful for
complex number arithmetic which typically uses both
the accumulators.

The device supports three Saturation and Overflow
modes.

1. Bit 39 Overflow and Saturation:
When bit 39 overflow and saturation occurs, the
saturation logic loads the maximally positive 9.31
(0Cx7FFFFFFFFF) or maximally negative 9.31
value (0x8000000000) info the target accumula-
tor. The SA or SB bitis set and remains set until
cleared by the user. This is referred to as ‘super
saturation’ and provides protection against erro-
neous data or unexpected algorithm problems
(e.g.. gain calculations).

2. Bit 31 Overflow and Saturation:
When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally positive
1.31 value (0x007FFFFFFF) or maximally nega-
tive 1.31 value (020020000000} into the target
accumulator. The SA or SB bit is set and remains
setuntil cleared by the user. When this Saturation
mode is in effect, the guard bits are not used (so
the OA, OB or OAB bits are never set).

3. Bit 39 Catastrophic Overflow
The bit 39 overflow status bit from the adder is
used to set the SA or SB bit, which remain set
until deared by the user. No saturation operation
is performed and the accumulator is allowed o
overflow (destroying its sign). If the COVTE bitin
the INTCON1 register is set, a catasirophic
overflow can initiate a trap exception.

2422 Accumulator 'Write Back’

Tne MAC dass of instructions (with the exception of
MPY, MPY.N, ED and EDAC) can optionally write a
rounded version of the high word (bits 31 through 16)
of the accumulator that is not targeted by the instruction
into data space memory. The write is performed across
the X bus into combined X and Y address space. The
following addressing modes are supported:

1. W13, Register Direct
The rounded contents of the non-target accumula-
tor are written into W13 as a 1.15 fraction.

2. [W13}+=2, Register Indirect with Post-Increment:
The rounded contents of the non-target accumu-
lator are written into the address pointed to by
W13 as a 1.15 fraction. W13 is then
incremented by 2 (for a word write).

2423 - Round Logic

The round logic is a combinational block, which per-
formsa conventional {biased) or convergent {unbiased)
round function during an accumulator write {store). The
Round mode is determined by the state of the RND bit
inthe CORCON register. Itgenerates a 16-bit, 1.15data
value which is passed to the data space write saturation
logic. If rounding Is not indicated by the instruction, a
truncated 1.15 data value is stored and the LS Word is
simply discarded.

Conventional rounding takes bit 15 of the accumulator,
zero-extends it and adds it to the ACCxH word (bits 16
through 31 of the accumulator). Ifthe ACCxL word (bits
0 through 15 of the accumulator) is between Ox8000
and OxFFFF (0xBODO included), ACCxH is incre-
mented, If ACCxL is between OxOD00 and Ox7FFF,
ACCxH is left unchanged. A consequence of this
algorithm is that over a succession of random rounding
operations, the value will tend to be biased slightly
positive.

Convergent (or unbiased) rounding operates in the
same manner as conventional rounding. except when
ACCxL equals DxB00O. If this is the case. the LS bit (bit
16 of the accumulator) of ACCxH is examined. Ifitis 1,
ACCxH is incremented. If it is ‘0", ACCxH is not modi-
fied. Assuming that bit 16 is effectively random in
nature, this scheme will remove any rounding bias that
may accumuiate.

The =AC and SAC. R instructions store either a trun-
cated (SAC)or rounded (SAC. R) version of the contents
of the target accumulator to data memory, via the X bus
(subject to data saturation, see Section 2.4.2.4). Note
that for the MAC class of instructions, the accumulator
write back operation will function in the same manner,
addressing combined MCU (X and Y) data space
though the X bus. For this class of instructions, thie data
is always subject to rounding.

DS70118D-page 16
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2424 Data Space Write Saturation

In addition to adder/subfractor saturation, writes to data
space may also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15 frac-
tional valve from the round logic block as its input,
together with overflow status from the original source
(accumulator) and the 16-bit round adder. These are
combined and used to select the appropriate 1.15 frac-
tional value as output to write to data space memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly. For input data greater than
OxD07FFF, data written to memory is forced to the max-
imum positive 1.15 value, 0x7FFF. For input data less
than OxFFB000, data written to memory is forced fo the
maximum negative 1.15 value, 0x8000. The MS bit of
the source (bit 39) is used to determine the sign of the
operand being tested.

Ifthe SATDW bit in the CORCON register is not set. the

input data is always passed through unmodified under
all conditions.

243 BARREL SHIFTER

The barrel shifter is capable of performing up to 15-bit
arithmetic or logic right shifts, or up to 16-bit left shifts
in a single cycle. The source can be either of the two
DSP accumulators or the X bus (to support multi-bit
shifts of register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value will shift the operand
right. A negative value will shit the operand left. A
value of 0 will not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions Oto 15 for left shifts.

@ 2004 Microchip Technology Inc.
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Note the following details of the code protection feature cn Microchip devices:
. Microchip products meet the speclcation contained in their particular Microchip Data Shee.

. Microchip befieves that s family of products is one of the most secure families of s kind on Lhe markel aday, when used inthe

intended manner and undar normal conditions,
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. Nelther Mierachip nor any other semiconduclor manufacturer can guarantee the securlly of thair code, Gode proteclion does nol

mean thal we are guarantesing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously Impreving the code protedtion features of aur
products. Altempts 1o break Microchip's code protection fealure may be a violation of the Digital Milennium Copyrighl Ad, If such acts
allow unauthorized access 1o your software or other copyrighled work, you may have a right 1o ste for relisf under that Act.

Infermation contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updales. Itis your responsibilily to
ensure thal your application meets with your specifications.
MICROCHIP  MAKES NO - REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED. WRITTEN OR ORAL, STATUTORY CR
QTHERWISE.  RELATED TO THE INFORMATION,
INCLUDING BUT NOT UMITED TO ITS CONDITICN,
QUALITY, PERFORMANCE, MERCHANTABILITY. OR
HITNESS FOR PURPOSE. Microchip disclaims all lability
arising from this information and its use. Use of Merochip
devices In lile supporl andior safely applications Is entirely ol
the buyed s risk. and the buyer agrees to defend, indemnify and
hold harmiess Microchip from any and all damages, daims,
suits, of expenses fesulting from such use. No licenses are
conveyed, Implicilly or ctherwdsa. under any . Merochip
intellctual propeny Aghls.
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