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Digital Signal Processing (DSP) is used in a wide variety of
applications, and it is hard to find a good definition that is
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changing or analyzing information which is
measured as discrete sequences of numbers
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DSP vs. Microcontroller

« DSP « Microcontroller
— Harvard Architecture — Mostly von Neumann
— VLIW(Very Long Architecture
Instruction Word) (parallel — Single execution unit
execution units) — Flexible bit-level operations
— No bit level operations _ No hardware MACs
— Hardware MACs — Control applications

— DSP applications
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DSP Algorithm Y - 1=

Example : Digital Filters (e.g. Digital FIR Filters ,...)
c[C]
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’ Typical DSP operations require speatic funchions
C[] ] odditions
- = t multiplications
£ delavs
: 2 --: handli
c[2] array handling

Most share common features:
*They use a lot of maths (multiplying and adding signals)
*They deal with signals that come from the real world
*They require aresponse in a certain time
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Why DSP Processors? (contd) —-_.«..«../\%\ gt

Why Do DSP Processors need to do well ?

Most DSP tasks require:

Repetitive numeric computations

Attention to numeric fidelity

High memory bandwidth, mostly via array accesses

Real-time processing

Processors must perform these tasks efficiently while minimizing:
® Cost
®* Power
®* Memory use

®* Development time
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Some Typical Applications

General-Purpose

« Adaptive filtering
 Digital filtering

« Fast Fourier transforms

Control

* Disk drive control

« Laser printer control
 Robotics control

Military

« Missile guidance

« Radar processing

¢ Secure communication

Telecommunications

« 1200- to 19200-bps modems
« Adaptive equalizers

« Cellular telephones



Some key features
CPU

« Advanced multi bus architecture with three separate
16-bit data buses and one program bus

 40-bit arithmetic logic unit (ALU), including a 40-bit
barrel shifter and two independent 40-bit
accumulators

« 17-bit x 17-bit parallel multiplier coupled to a 40-bit
dedicated adder for non-pipelined single-cycle
multiply/accumulate (MAC) operation

Memory

»192K words x 16-bit maximum addressable memory
space (64K words program, 64K words data, and 64K
words |1/O)

» 28K words x 16-bit single-access on-chip ROM with
8K words configurable as program or data memory
('C541 only)



On-chip peripherals
*On-chip phase-locked loop (PLL) clock
generator with internal oscillator or
external clock source
 Two full-duplexed serial ports to support
8- and 16-bit transfers ((C541only)
* Time-division multiplexed (TDM) serial
port ('C542/°'C543 only)
*One 16-bit timer

Speed: 25/20-ns execution time for a single-
cycle fixed-point instruction (40 MIPS/50
MIPS) with 5-V power supply



History of the TMS320 family

Texas Instruments,the company
This family currently includes five generations of DSPs.

TMS320C25, a CMOS 40-MHz digital signal processor
capable of twice the performance of the TMS320C1x
devices

TMS320C1x,

— | TMS320C2x,
TMS320C3Xx,
TMS320C4x,
and

TMS320C5x

IS capable of executing 10 million instructions per second.

24 additional instructions (133 total)
eight auxiliary registers

an eight-level hardware stack

4K words of on-chip program ROM

low power dissipation inherent to CMOS
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Architectural overview

Harvard architecture 5V Gnd
On-chip memory + +
ALU Data/Prog Data RAM
iriberuipts RAM 288-Word % 5
C || 256-Word Data (16
Multiplier (1568-Word (0o 6) D>
TMS320C26) Multiprocessor
Memory interface 4-K Words ROM/EPROM ‘ etsac ;
(TMS320C25/E25)
Serial ports Multiplier
Serial
Multiprocessing application: 32-Bit ALU/ACC | g nterface
Direct Memory Access ] Shifters
i Address (16) >
Timer
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TMS320F240 Functional Block Diagram

: ; DU i LA
J = L Central Arithmetic
Logic Unit (CALU)
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Event Manager:
Timers
Compare Units ...

— Dual 10 bit ADC




Basic Architectural Features of
DSPs

e Data path configured for DSP

— Fixed-point arithmetic

— MAC- Multiply-accumulate

* Multiple memory banks and buses
— Harvard Architecture

— Multiple data memories

» Specialized addressing modes
— Bit-reversed addressing
— Circular buffers

» Specialized instruction set and execution control — Zero-
overhead loops
— Support for fast MAC

— Fast Interrupt Handling

e Specialized peripherals for DSP



TMS320C2x On-Chip Data Memory
. . From From

Memory Org anlzatlon Progran; Counter Auxiliaryorsegislers

r

From Data Page Pointer
Prefatch Counter and
: ] ! Diract Memory Address

Total of 544 16-bit words of v +
on-chip data RAM, ;

116 16 16

Program and Data Memory

16 16
288 words are always data
memory and the remaining | Goxie
256 wor_ds may Data RAM o
be configured as either (255;-1@ Block B0
program or data memory. ”

1 16 f MUX

The TMS320C2x can &
address a total of 64K ' i ok oo
words of data memory. N Data Bus (16) \L
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Memory Organization (Cntd.)

Program
0 (0000h)
Interrupts
and Reserved
31(001Fh) (External)
32(0020h)

External
65279(0FEFFh) | _ |
65,280 (0FFO0h )

On-Chip
Block B0
65,535(0FFFFh )
If MP/MC = 1
{Microprocessor Mode)

Program
0 (000N ) Interrupts
and Resarved
(On-Chip
31 (001Fh ) | ROM/EPROM)
32 (0020h )
On-Chip
4015 (OFAFh) ROM/EPROM
4016 (OFBOh )
Researved
4095 (OFFFh )
4096 (1000h )

External
65279(0FEFFh} | _ |
65.280(0FFO0h )

On-Chip
Block BO
65,535(0FFFFh )
If MPMC = 0
{Microcomputer Mode
on TMS320C25)

0 (0000h )

5 (0005h )
6 (0006h )

95 (005Fh )
96 (0060h )

127 (007Fh )
128 (0080h )

511 (01FFh)
512 (0200h )

767 (02FFh )
768 (0300h )

1023 (03FFh)
1024 (0400h )

65,535 (0FFFFh )

Data

On-Chip
Memory-Mapped
Registers

Reserved

On-Chip
Block B2

Reserved

Does Not
Exist

On-Chip
Block B1

External

> Page

~

spaces are
distinguished
externally by
means of the PS,
DS, and IS

Pages 1-3

Pages 4-5

Pages 6-7

Pages 8-511

Three separate address spaces for program memory,
data memory, and I/O

The on-chip
program ROM
can be mapped
into the lower
4K words of
program

memory. This
ROM is

enabled when
MP/MC is set
to a logic low.
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System Control (Timer Operation+Repeat Counter)

yd Data Bus V4

The TMS320C2x i i
provides a memory- 0
mapped 16-bit timer 1. | PRO0O)
(TIM) register and 6 |
egister, ) o el ea ol TLE

. Extemal |  Four T—. e Detect

Clock T
{16 _

The on-chip timer is CLKOUT1 il

a down counter that is
continuously clocked
by CLKOUT1.

The repeat counter (RPTC) is an 8-bit
counter.It can be loaded with a number
from O0to 255.

RPTC is cleared by reset.
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External Memory and 10 Interface

A 16-bit parallel data bus (D15-D0),

A 16-bit address bus (A15-A0),

Data, program, and I/O space select (DS, PS, and IS) signals, and
Various system control signals.

1) Program Internal RAM/Data Internal (PI/DI)
2) Program Internal RAM/Data External (PI/DE)

3) Program External/Data Internal (PE/DI)

4) Program External/Data External (PE/DE)

5) Program Internal ROM/Data Internal (PR/DI)
6) Program Internal ROM/Data External (PR/DE)
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Interrupts

three external maskable user interrupts (INT2—-INTO),

Internal interrupts are generated by the serial port (RINT and XINT), by
the timer (TINT), and by the software interrupt (TRAP) instruction.

15 14 13 12 11 10 9 8 7 6 ) 4 3 2 1 0
RESERVED XINT |RINT|TINT|INTZ|INTT1|INTO

The TMS320C2x has a built-in mechanism for
protecting multicycle instructions
from interrupts.
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ADSP - 21060 SHARC
Digital Signal Processor



General Information

B SHARC stands for Super Harvard Architecture Computer

E The ADSP-21060 SHARC chip is made by Analog Devices, Inc.

B It is a 32-bit signal processor made mainly for sound,
speech,graphics, and imaging applications.

B It is a high-end digital signal processor designed with RISC
techniques.



Memory Structure

E Memory is arranged in a unified, word-addressable address space
containing both instructions and data.

B Separate address generators, address buses, and data buses allow
both on-chip memory blocks to be accessed by the core processor
In a single instruction cycle.

E The total on-chip memory size of the ADSP-21060 is 4 Mbits. The
block size is 2 MBIts.

B The on-chip memory can be configured as 16, 32 or 48 bit words,
and is organized into two independent halves. Each can be used for
Instructions or data.



Endian Format

B SHARC uses big-endian format

@ Most significant byte is at the lowest address

B EXCEPT

@ Bit order for data transfer through the serial port.

@ Word order for packing through the external port.

E For compatibility with little-endian (least-significant-first) peripherals, the DSP
supports both big- and little-endian bit order data transfers. Also for
compatibility little endian hosts, the DSP  supports both big- and little endian

word order data transfers.



Number Formats

B 32-bit Fixed Format

@ Fractional/Integer

@ Unsigned/Signed
B Floating Point

@ 32-bit single-precision IEEE floating-point data format
@ 40-bit version of the IEEE floating-point data format.

@ 16-bit shortened version of the IEEE floating-point data format.



Architecture ADSP
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General Registers

B 16 Primary Registers
B 16 Alternate Registers
B Each Register holds 40-bits

B Registers are references by the type of numbers they are holding

@ RO — R15 are for Fixed-Point Numbers

@ FO — F15 are for Floating-Point Numbers



A few examples o

E.6

030 =T own = L3 — 120
=

Speclalized Registers

ARITHMETIC STATUS REGISTER (ASTAT)

Mame Diefi Bon

AL ALU result zero or foating-polnt underflow
AN ALLT ovarflow
AN AL result negatiwve
AC ALU fixed-polnt carry
AS ALL X Input slgn (ABS and MANT operations)
Al ALU floating-point invalld operation
MM Multtpler result negative
MV Multtpler owverflow
ML Multipler floating-polnt underfow
M1 Multtpler floating-point invalid operation
AF ALLU floating- polnt operation
A Shifter overtow
5L Shifter result @ero
85 Shifter input sign
reserved

ETF Bit test flag for system reglsters
FLGO FLAGO value
FLG1 FLAG] value
FLGZ FLAGEZ value
FLGZ FLAGY value
reserved
CACC  Compare accumulation bits

E.7
Eit

m--JLTIU'II'.IAJI:\JI—I:I

[4x]

10-16
17
18
19-20
21
22
23
24
2a
26
2r-31

some of the many registers and their components

STICKY STATUS (STKY)
Name Defini don
ALTS ALU floating- polnt underflow
ANS ALU floating- polnt cverflow
ADS AL flxed -point overflow
reserved
Als ALU floating- polnt invalld operation
MO5 hultiplier fixed- polnt over flow
MWVE Multipller floating-polint over flow
MLIS Multiplier floating-point underflow
MIS Multipller floatng-point Invalld operation
reserved
CB7S DAGI clreular buffer 7overflow
CB155 DAGE clreular buffer 15 overflow
reserved
FCFL PC stack full (not sticky)
FCEM FCstack empty (not sticky)
S50V Status stack overflow (MODEL and ASTAT)
S5EM Status stack empty (not sticky)
LsOwW Loop stack overflow (Loop Address and Loop Counter)
LEEM Loop stack empty (not sticky)

reserved

Bits 21-26 are read-only. Writes to the STEY register have no effect on these hits.

All bits except 21, 22, 24, 26 are sticky (see “Stack Flags™ in the Program Sequencing
chapter). Onoe a sticky bit is set, it rernains szt untl explicitly cleared.



B Instructions are

processed |n three INTERHAL PMD BUS

cycles:

@ Fetch
Instruction
from memory

@ Decode the

Pipelining

opcode and

operand ]

@ Execute the

LOCF LOGIC
LOOF ADDRESS
STACK 1 astat | monoes INTERRLIPTS
1 Lu:u-:fr -_::;ENT a INTERRLUPT
= STATUS INTERRLIPT LATCH
sTack [ COMTROLLER TTEREIET INTERRUPT
INSTRUCTION HazK LOGIC
FACHE INTERRLUPT
LOOR T
MASK POINTER
l coNTROLLER [
INPUT
I INSTRUCTION LATEH | FLAGS
[ XX l
COMDITION
LOGIC DAGE

PROGRAN

COUNTER | I

DECODE ]

ADDRESS

- - PC STACK INDIRECT
E?FIIEEII‘:-{'I FETCH * BRANCH
o ADDRESS INTERRLPT
VECTOR —_—
1 RETURM ADDRESS OR
TOF OF LOOP
ADDRESS ¥y ¥ v +
HEXT ADDRESS MULTIPLEXER |

i n St r u Ctl 0 n PC-RELATIVE

|

FMABUS

Figure 3.3 Program Sequencer Block Diagram



Bus Architecture

Dual-Partad,
Multi-Accass

B Twin Bus Architecture: Memory

Parall el
System

@ 1 bus for Fetching Instructions

Murnaric Procassar

Port

@ 1 bus for Fetching Data

V0 Processol
&

DMA Controller

B Helps avoid instruction/data conflicts t

Bus [l

E Improves multiprocessing by allowing more steps to occur during
each clock



Data Address Generators

B There are two data address generators (DAG1 & DAG2) for
addressing memory indirectly (with pre-modify or post-modify).

B Data address generator 1 (DAG1) generates 32-bit addresses on the
Data Memory Address Bus.

B Data address generator 2 (DAG2) generates 24-bit addresses on the
Program Memory Address Bus.

B Each DAG has four types of registers:
@ The Index (I) register acts as a pointer to memaory.

@ The Modify (M) register contains the increment value for
advancing the pointer.

@ Base and Limit Registers

*The base registers indicate where the page table
starts in memory (this can be either a physical or
logical addresses)

[imit register indicates the side of the table



Circular Buffer

B The DAGs allow circular buffer addressing.
B A circular buffer is a set of memory locations that stores data.

E An index pointer steps through the buffer.

B If the modified address pointer falls outside the buffer, the length of
the buffer is subtracted from or added to the value, as required to
wrap the index pointer back to the start of the buffer.

B Circular buffer addressing must use M registers for post-modify of |
registers, not pre-modify.

B The Length(L) register sets the size (address range) of the circular
buffer that the I register is allowed to circulate through. L must be

positive or O (for disabled).

B The Base(B) register holds the address of the start of the circular
buffer.



Bit Reversal Addressing

B Bit Reversal can be performed 2 ways:
@ Using the DAGS

@ Using the BITREV instruction

B DAG Bit Reversal
@ DAGL1 reverses a 32-bit address value from register 10. This
mode is enabled by the BRO bit in the MODEL register.

@ DAG2 reverses a 24-bit address value from register 18. This
mode is enabled by the BR8 bit in the MODEL register.

@ Bit Reversal affects both pre-modify and post-modify
operations.

@ Bit Reversal affects only the outputted value not the value in
the I register.



BITREV Instruction

B BITREV instruction bit reverses addresses in any | registers
(10 = 115) in either DAG.

E It performs the modification without accessing memory.
B Itis independent of the DAG bit reversing mode.

B When using BITREV with DAG1, it adds a 32-bit immediate
value to a DAGL1 index register, reverses the result, and puts it into
the DAG1 register.

B When using BITREV with DAG2, it adds a 24-bit immediate
value to a DAG2 index register, reverses the result, and puts it into
the DAG2 register.

Example:
BITREV (I1,4); |1=Bit-reverse of (11+4)



Program Counter Stack

B The Program Counter(PC) Stack has 30 locations.
B Each location is 24 bits wide.
B Used for interrupt returns, subroutine returns, and loop terminations

B Thereis are Full and Empty Stack Flags in the STKY register. The
Full Flag causes a maskable interrupt when TRUE.

E When the PC Stack is almost full (29 locations full) it causes an

Interrupt which causes a push onto the stack, filling the stack and
Issuing a Stack Full interrupt.

B PCSTKP is the PC Stack Pointer which contains the address to the
top of the stack.

B There are other stacks: loop address stack, loop counter stack,
status stack all of which have the same interrupt procedure.



Instruction Cache

There is a 32-word instruction cache.

It enables three-bus operation for fetching an instruction and two
data values.

Only instructions whose fetches conflict with program memory
data are caches.

More efficient than a cache that loads every instruction. Only a few
Instructions access data from program memory blocks.

If instruction needed is in cache, a “cache hit” happens and the
cache provides the instruction while the program memory data
access is performed.

If instruction is not in cache, the instruction fetch taken place in
the next cycle and the instruction is put into the cache for next time.



Other SHARC Facts

B There are over 25 million transistors in the SHARC chip

B Power Consumption is 3.5 Watts for 5 Volts

B Software tools include a c compiler, assembler, linker, debugger,
libraries, in-circuit emulator, evaluation board, and a simulator.

B Up to six SHARCs can easily be combined in a shared memory
multi-processor configuration. The multi-processor interface
allows for zero wait-state operation across the system bus when a
SHARC is accessing the memory of another SHARC.



Resources

http://www.signal.uu.se/Staff/pd/DSP/Doc/SHARC/
http://www.phys.uu.nl/~wwwigf/sharc.htm
http://www.cs.nthu.edu.tw/~mr894363/files/lecture_2-3.pdf
http://www.bdti.com/procsum/adi060.htm

http://www.ece.utexas.edu/~bevans/courses/realtime/lectures/01_Archit
ecture/lecturel.ppt

http://mes.loyola.edu/faculty/phs_eg769/SHARC.html
http://www.struck.de/shproc.htm

http://www-ese.fnal.gov/eseproj/trigger/prototype/sharc.pdf



