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Jegyzetek, segedanyagok:

m Konyvfejezetek:

http://www.knt.vein.hu
-> QOktatas -> Tantargyak -> Digitalis
Rendszerek és Szamitogep Architekturak
(nappali) -> Kiegeszitések -> DSP
(tms320Cx.pdf)
m Foliak, oravazlatok .ppt (.pdf)

m Feltoltesuk folyamatosan



http://www.knt.vein.hu/

Altalanos DSP
rendszermodell - alapok



Jelek - Jelfeldolgozas

m Digitalis jelfeldolgozas — Digital Signal
Processing (DSP)

Analog jelek

Digitalis jelek
m Hogyan abrazoljak ezeket a jelértékeket a fizikal
hardver eszkozok? (hardver-tervez0 az

implementacio soran sajat maga szabhatja meg,
hogy mit-mivel jelol).



Altalanos DSP rendszermodell
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Altalanos rendszermodell (folyt.)

A DSP rendszermodell altal végzett operaciok a kovetkez6
csoportokba sorolhatoak:

m Analdg jel, jelek fogadasa az input csatornan.

m Ezen analog jelek szamokkal valo abrazolasa,
digitalizalasa.

m Bizonyos, a funkciot jelentd szamitasok elvégzése az igy
kapott ertékhalmazon.

m A szamok visszakonvertalasa analog jelekke.

m KoOzben az informacio feldolgozasra kerul amit
megjelenithetunk, tarolhatunk, vagy tovabbithatunk.
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a.) Folytonos jelek

m Def: Folytonos (analég) valtozéju jelek: Olyan jelek
amelyeknek minden fuggetlen valtozoja folytonos. A mi
vizsgalataink szerint az ilyen csupan az ido6tol
folytonosan fuggd |eleket folytonos ideji jeleknek
(Continuous Time Signals) azaz CT (jeloles) nevezzuk. A
folytonos idejl jelek két idopont kozott vegtelen sok
értekre vannak definialva, ezért barmely id6pontra
felvesznek ertéket.
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b.) Digitalis jelek

m Def: Diszkrét valtozoju jelek. Olyan jelek amelyeknek
minden fuggetlen valtozoja diszkret ertekid. A mi
vizsgalataink szerint az ilyen csupan az idotdl diszkreten
fuggd Jjeleket diszkrét ideju jeleknek (Discrete Time
Signals) azaz DT (jelolés) nevezzuk. A diszkrét ideju
jelek csak diszkret id6pontokra vannak definialva, ezert
mindig csak meghatarozott idokozokben vesznek fel
ertékeket, és az idokozok kozott nem definialtak.

x[n]
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Mintavetelezes ”\ 1M

csoportositasa:

flLAL

fit) N

JUL

m A jeltol fuggetlen mintavetelezés, ekvidisztans
idokozonkent. Ezeket linearis, rogzitett lefolyasu mintavevo
rendszereknek nevezzuk.

m A jeltdl fuggd mintavételezés, amikor a valtozas
sebességének novekedése pontosabb abrazolast igényel,
de gazdasagi okokbdl a mintavetelezés gyakorisagat
valamilyen jellemzének a valtozasahoz kotjuk. Ezeket nem
linearis, jelt6l fuggd mintavevo rendszereknek nevezzuk.

m Statisztikai mintavételezés, altalaban a manualis
mintavételezés tartozik ide.

9
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Folyt. vs Diszkréet jelek

m Folyt (A) — diszkrét (D):
mintaveételezessel (sampling) és
kvantalassal (quantization)

m Ennek kovetkezteben ,aliasing” (gyors

jelvaltozasbol) és ,kvantalasi zaj” lephet fel!

Ezek a hibak kezelhetdk, szabalyozhato

megfelelben tervezett szUrOk segitségevel.

guantizer, anti-aliasing filter stb.

I
K
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Kvantalasi zaj

quantized waveform

.1'qm
/ . guanfrization noise
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analog waveform
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Jelfeldolgozo processzor
(DSP) architekturak
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DSP torteneti fejlodese

m ElsO generacios DSP chip-ek: Intel microcontroller, TI,
AT&T, Motorola, Analog Devices (1980-as évek elején)

m Low-cost DSP-k (1980-as évek vege)

m Vo-Coder (voice-operated coder) Standards: polgari
alkalmazasban (80’-as evek vege)

m DSP technologia migracidja az altalanos célu
mikovezeérl6kkel / CPU-kkal (90’-es évek)

m High-complexity (Rich Media Applicatons)
m Low-power (portable) applications

13
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DSP feladatkorok (Application
Spectrum)

Beszed- és audio-tomorites

Filtering (szlrés)

Modulacio, demodulaciéo (MODEM)
Hiba-javitas, -kodolas, -dekddolas

Audio feldolgozas (pl. hattérzaj, zajcsokkentes,
kiegyenlités, visszhang kioltas stb.)

Beszeéd felismereés

Jel szintézis (pl. zene-, beszéd-szintézis stb.)
2D-3D video processing

Mobil kommunikacio (GPS)

Automotive systems (ECU, Szervo vezerlés, ABS stb.)
Military (missile guidance)

14
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DSP-n implementalhato
algoritmusok

FFT ( Fast Fourier Transformation )

Discrete Cosinus Transformation ( MPEG )
Kodolasi eljarasok ( Huffman, Trellis, Runlength ... )
Szurdk ( FIR, IR, Kalman, Notch ...)

Vektor mlveletek ( Dot Products, Cross Product ... )
Matrix muveletek

Konvoluciok

Numerikus integralasok, derivalasok és egyéb
algoritmusok

15
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Miert éppen a DSP?

m  Optimalizalt architekturak:
Utasitaskészlete a jelfeldolgozashoz igazitott
Minimalizalja a numerikus problémak megoldasat diszkrét, digitalis jelek
feldolgozasaval
m Nagy teljesitmény (5 MIPS — 60 MFLOPS)
Komplex algoritmusok valos idejl implementalasa
Nagy mintaveételi arany (sampling rates)
Minimalis szamitasi késleltetés
m Rendszer-vezerlés tamogatasa
Utasitaskészlet (HLL tamogatas: szimulacio, debugger stb.)
Dedikalt perifériak 1/O bit-manipulacidohoz
Gyors kornyezet (context) kapcsolas (shadow regiszterekkel)
m EI6nyok (digitalis rendszer)
Megbizhatésag
Flexibilitas
Time sharing / task switching
Kornyezeti behatasoktdl vald fluggetlenség

Nagy savszelesség és felbontas
16
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Mit kell tudnia egy DSP processzornak a
hatékonysag erdekeben?

m Hatékonysag:
Ismetlodo numerikus szamitasok
Numerikus pontossag kezelese
Nagy memoria savszeélesseg (alt. tomb lekérdezések)
Real-time feldolgozas

m Minimalis:
Koltség (ar)
Disszipalt teljesitmeny
Memoria hasznalat
Fejlesztesi ido

17



Példa: DSP-s audid rendszer

Analog | Analog | Digital | Analog | Analog | Analog
audio | audio | audio | audio | audio | audio
| I | | |
N Q)
co,ov0 — | | \ \ \

Analo Digital Digital Analo High
J 9 9 J power

analog
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Pelda: DSP-s video feldolgozo es
megjelenito rendszer

Input Real-time Qutput
capture signal processing display
S—video or S—video or
composite in System control and composite out
communications

NTSC/PAL

NTSC/PAL video

video — Compression — encoder

4 decoder 4 decompression 4 Vid 4

encription '| €0

formatting palette

transmission
RGB out

: : "

Software codecs

Digital formats

Hardware codecs

e S
LI

Analog formats




Motivacio: FIR szuro

m Mindenegyes elagazasban (,tap”™= clk 0ssz. n):

Két adatfeltoltés (fetch)

Szorzas
Osszeadas
Sample [‘)/elay (Register)

Input S S S S S
g 0 1 2 By e 23 24
C C C C C C
S0 0 E® 2.0 2

\ e Multiply

Coefficient

24
output =S, xC,
=0

Output

MAC:

Multiply &
Accumulate

(1 clk)

20



Probléma: FIR filter Neumann

architekturan

‘loop

mov
mov
mpy
add
mov
INC
INC
INC
dec
tst
jnz
Probléma:

* memoria busz / savszélesség szlk keresztmetszete

» vezeérlési kdd hosszusaga

*ro, x0
*rl, yO
X0, y0, a
a, b
y0, *r2
ro

rl

r2

ctr

ctr
loop

CPU

Memory

21



Texas Instruments
TMS320C1Ix/2x/3x/4AX[5X —
processzor csalad

“? TEXAS
INSTRUMENTS

WWW.ti.com 22



http://www.ti.com/

"
Texas Instruments: Product Areas

Amplifiers & Linear
Clocks & Timers

DSP-Digital Signal Processing
Data Converters

Interface

Logic

Microcontrollers

Power Management

RF/IF Components

TI-RFid™

23
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Milyen tulajdonsagok szerint valasszuk ki a
megfelelo DSP-t?

Cost

. Performance
Time to Market

System Needs \ ) / Development Tools

’- / and Environment

(IDE)

TEXAS

” INSTRUMENTS \
/ Development

/ Support
Ease of Use

End Application

Architecture

System Integration

http://www-s.ti.com/sc/techlit/ssdv004 (Selection Guide) 24



http://www-s.ti.com/sc/techlit/ssdv004

TMS320 Architectural Features

Feature Benefit

Single-cycle instructions High-sampling retes/control of high
bandwith systems

DSP instruction set Real-time execution of advanced control
algorithms

Multiple buses Simultaneous access of data and
instructions

Hardware multiplier Minimize computational delays

Hardware Shifters/Floating point Fast scaling/larger dynamic range

16/32 bit wordlength Minimize quantization errors

32/40 bit arithmetic registers Minimize truncation errors

Hardware Stack/ Shadow Fast interrupt processing

Registers

Saturation Mode Prevent wrap around of accumulator

Parallel Logic Unit Fast bit-manipulation
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TMS320 csalad (1991)
A

* 16-bit: ‘C1x,‘C2x,‘C5x,‘C8x
» 32-bit: ‘C3x,’C4x,‘C6x

TMS320C6x

TMS320C50
TMS320C51

(MIPS/MFLOPS)

TMS320C25
TMS3Z20E25
TMS320C25-33
@ TMS320025-50
TMS320C 10 TMS320C256
TMS320C 10-14/-25
TMS320C 14
TMS320E14/P14
TMS320C15/C15
TMS320E15/P15
TMS320C15-25
TMS320E15-25
TMS320C 16
TM3320C17ILC17
H]Essznm P17

Parformance

Generation

ﬁ Fixed-Point Generations ﬁ Floating-Point Generations
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TMS320 csalad

—

Fixed

DSP

Programmable
~ Float | —

Dedicated — | Custom

\\ Application

Specific

[ TMS320C1x
TMS320C2x
TMS320C5x

| TMS320C6X

A

[ TMS320C3x
TMS320C4x
TMS320C6x

| TMS320C8x

A

| cDSP

[ TMS320C14
TMS320C17
TMS320C28

| TMS320C53

A

27



TMS320Cxx csalad (2006)

Tipus Adat Jellemzdk Statusz
Csak
TMS320C1x Fix-pontos Els6generacios DSP military
El6/
TMS320C2x Fix-pontos Els6 nagy szérias DSP népszerd
El6/
TMS320C3x Lebegb-pontos | Els6 lebegbpontos DSP, DMA népszerd
TMS320C4x Lebegb-pontos | 4 db kommunikacios port, masik DSP felé, | Kifuto /
DSP tomb épitése, DMA draga
TMS320C5x Fix-pontos Elsé statikus CMOS design: low power El6
TMS320C6x Fix/Lebegb Mai legmodernebb DSP-k. El6
pontos Nagyon széles utasitas sz6 (256 bit).
TMS320C8x Lebegb-pontos | Elsé multimédias 4 db TMS320C4x + RISC | Csak
processzor (nem jott be, tul draga volt) — military
tobbmagos egység!

28
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DSP Product Tree (2007. majus)

m TMS320™ DSP Platforms (165)

m DaVinci™ Digital Media Processors (21)
O TMS320DM64x DSPs (8)
O TMS320DM643x DSPs (10)
O TMS320DM644x DSPs (3)
m C6000™ High Performance DSPs (27)
O TMS320C6414T/15T/16T DSPs (21)
O TMS320C645x DSPs (6)
m C6000™ Performance Value DSPs (23)
O TMS320C6410/12/13/18 DSPs (8)
O TMS320C642x DSPs (6)
O TMS320C62x DSPs (9)
m C6000™ Floating-point DSPs (27)
O TMS320C672x DSPs (17)
O TMS320C67x DSPs (10)
m C5000™ Power-Efficient DSPs (36)
O TMS320C54x DSPs (25)
O TMS320C55x DSPs (11)
m C2000™ High Performance 32-bit Controllers (29)
O TMS320F281x Controllers (8)
O TMS320F280x Controllers (12)
O TMS320LF240x Controllers (9)
m Other TMS320™ DSPs (2)
O TMS320C33 DSPs (2)

29


http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=25&familyId=44
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1852&familyId=1300&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1857&familyId=749&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1863&familyId=1301&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1860&familyId=1302&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=57&familyId=132
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1936&familyId=1396&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1939&familyId=1397&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1941&familyId=1398
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=217&familyId=477&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1970&familyId=1405&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=134&familyId=326&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1948&familyId=1401
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=1954&familyId=1404&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=135&familyId=327&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=50&familyId=114
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=132&familyId=324
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=133&familyId=325&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=46&familyId=110
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=2024&familyId=1406&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=230&familyId=510&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=130&familyId=322&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=223&familyId=497&paramCriteria=no
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=dsp&sectionId=2&tabId=229&familyId=509&paramCriteria=no

TMS320C1x High-Speed

Architecture (1982)

m Advanced Harvard arcihecture
Separate data/program buses

,Parallel” instruction fetch/operand
fetch/execute

m Parallel multiplier
m  Multiple Shifters

m  Automatic _
Incrementing/decrementing
registers

m Most cost effective solution

m Broad line of processors

m  Optimized for specific high-
performance applications (telecom,
control and consumer)

Program
Memory

Program
Counter

Control

Program Bus

Data Bus

Multiplier

Shifters

ALU/ACC

RAM

30
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ElsG generacios DSP
(1982): TI320C10

Instruction Cycle Timing
— 160-ns (TMS320C10-25)
— 200-ns (TMS32010)
— 280-ns (TMS320C10-14)
* 144 Words of On-Chip Data RAM
* 1.5K Words On-Chip Program ROM

» External Memory Expansion up to 4K
Words Off-Chip Memory at Full Speed

60 General Purpose and DSP-specific
instructions

« 16 x 16-Bit Multiplier With 32-Bit
Product (single-cycle)
* 0 to 16-Bit Barrel Shifter
* On-Chip Clock Oscillator
« External interrupt and polled input pins
Device Packaging:
— 40-Pin DIP
— 44-Lead PLCC
* Single 5-V Supply
» 8 16-bit I/O ports

Interrupt

144-Word RAM

1.5K-Word ROM

32-Bit ALU/ACC

Data (16)

Address (12) »

|:| Multiplier
—l_— Shifters
Memory
Data RAM Program ROM
144x16 Bits 1.5Kx16 Bits
CPU Ports
16-bit Barrel 16-bit
Shifter T-Register
Inputs
32-bit ALU | 16416 bit 8x16 bits
32-bit Acc | Multiply
0-,1-,4-bit 32-bit
Shift P-Register
Outputs
2 Auxiliary Registers 8x16 bits
4-level Hardware Stack
Status Register




T1320C10 blokk
diagram

Harvard architektura
16-bites fixpontos MULT
16-bites Shifter

32-bites Akkumulator
32-bites ALU
Barrel-shifter (0-16)
Specializalt utasitas
készlet

m 390ns (ma 228 ns)
MAC time

Legend:

. ¥ 4 Program Bus
WE —— 16 12 LSB
DEN —s—
MEN +— 2 MUX
BIO »— = 12} 12
MCWP »—{ & 12y ¥
INT —— PC (12)
s o e | .
1 12 Instruction
1. 3, e 16
A11-AD =[* ” @ Program
PAZ-PAD Y |2 Stack £ ROM/EPROM
| ac =  (1.5K Words)
~~ 3|, 4x12 | |=
5 Program Bus
s
15; 16
g Data Bus
'16£ Tr 15{ '15{
ARD [16)
ARP AR (16) DP Shifter Ti16)
| (0-16) 16
8 8} Multiplier |« 2e~]
I P(32)
MUX / 37
By 32}
L
Address MUX
32y
Data RAM v
(144 Words)
ALU (32) ;
ACC = Accumulator Data
ALU = Arithmetic Logic Unit 32
ARP = Auxiliary Register Pointer Y
ARD = Auxiliary Register 0 ACC (32)
AR1 = Auxiliary Register 1
DP = Data Page Pointer
P = P Register
PC = Program Counter
T = T Register
164
<

X1

CLKOUT l X2ICLKIN

L.]

D15-0v
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Example: FIR Filter (sum of
products)

Compute:
START IN
ZAC
LT X1
MPY A
LTA X2
MPY B
LTA X3
MPY C
LTA X4
MPY D

APAC

SACH Y
ouT Y,
B START

Y[n]=A*X[n-1]+B*X[n-2]+C*X[n-3]+D*X [n-4]

PAO

X1, PAO //new input sample
//ACC=0

//T=X1

//P=A*X1

//ACC=A*X1 , T=X2

//P=B*X2

//ACC=A*X1+B*X2 , T=X3
//P=C*X3
//ACC=A*X1+B*X2+C*X3 , T=X4
//P=D*X4
//ACC=A*X1+B*X2+C*X3+D*X4

//STORE 32-bit result
//at location Y

IS Data Bus
16 16
Shifter T(16)
(0-16)
Multiplier 418«
P(32)
32

ALU (32)

g

ACC (32)

-
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TI1320C14/E14/P14

Instruction Cycle Timing
— 160-ns

100% object-code compatible
with TMS320C10/C15

Timers and Counters
Watchdog Timer

Selectable I/O pins

Serial Port

Event Manager

EPROM (E14) and OTP (P14)

Microprocessor and
microcomputer nodes

Memory
Program
2%22?15 ';II\:IS ROM/EPROM
4Kx16 Bits
CPU Peripherals
16-bit Barrel 16-bit C;)rlljnr:teer: "
Shifter T-Register :
Timer/
32-bit ALU 16x16 bit Counter 2
. Multiol Watchdog
32-bit ACC uitiply Timer
0-,1-,4-bit 16-bit 16 bit I/0
Shift P-Register o
2 Auxiliary Registers Port
4-level Hardware Stack Event
Status Register Manager

34
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TMS320C15/E15/P15

Instruction Cycle Timing:
— 160-ns (TMS320C15-25/E15-25)
— 200-ns (TMS320C15/E15/P15)
— 250-ns (TMS320LC15)

» 256 Words of On-Chip Data RAM

» 4K Words of On-Chip Program ROM
(TMS320C15/C15-25/LC15)

* 4K Words of On-Chip Program EPROM
(TMS320E15/E15-25)

* One-Time Programmable (OTP) Windowless
EPROM Version Available (TMS320P15)

« EPROM Code Protection for Copyright Security
 External Memory up to 4K-Words at Full Speed
* 16 x 16-Bit Multiplier With 32-Bit Product

* 0 to 16-Bit Barrel Shifter

» On-Chip Clock Oscillator

» 3.3-V Low-Power Version Available
(TMS320LC15)
* Device Packaging:
— 40-Pin Dip (All Devices)
— 44-Lead PLCC (TMS320C15/C15-25/LC15/P15)
— 44-Lead-QUAD (TMS320E15/E15-25)

+H WV
ar
+3.3V GHD

S

256-Word RAM
Interrupt

4K-Word ROMEPROM

J2-Bit ALWACC

L
[ ] Multiplier
I

Shifters

Address [12)

=y

Memory

Data RAM
256x16 Bits

Program
ROM/EPROM
4Kx16 Bits

CPU

16-bit Barrel 16-bit
Shifter T-Register

Ports

4-level Hardware Stack
Status Register

Inputs
32-bit ALU 16x16 bit 8x16 bits
32-bit AcCc | Multiply
0-,1-,4-bit 32-bit

Shift P-Register
Outputs
2 Auxiliary Registers 8x16 bits
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TMS320C16

Instruction Cycle Timing:
— 114ns

« 256 Words of On-Chip Data
RAM

« 8K Words of On-Chip Program
ROM

« External Memory up to 64K-
Words at Full Speed

« 16 x 16-Bit Multiplier With 32-Bit
Product
* 0 to 16-Bit Barrel Shifter

Separate 1/O and memory write
enable signals

» On-Chip Clock Oscillator
 Device Packaging:
— 64-Pin PQFP

Memory
Data RAM Program ROM
256x16 Bits 8Kx16 Bits
CPU Ports
16-bit Barrel 16-bit
Shifter T-Register
Inputs
32-bit ALU | 16416 bit 8x16 bits
32-bitAcc | Multiply
0-,1-,4-bit 32-bit
Shift P-Register
Outputs
2 Auxiliary Registers 8x16 bits
4-level Hardware Stack
Status Register

36
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TMS320C1x Device Overview (1991)

MEMORY /0 CYCLE PACKAGE (1)

DEVICE RAM | Rom | EPROM | PROG. | SERIAL |PARALLEL | (ns) DIP PLCC | CER-QUAD
TMS320C10 (2) 144 1.5K — 4K — 8x 16 200 40 44 —
TMS320C10-14 144 1.5K — 4K — 8x 16 280 40 44 —
TMS320C10-25 144 1.5K — 4K — 8x 16 160 40 44 —
TMS320C14 (3) 256 4K — 4K 1 7 x 16 (4) 160 — 68 —
TMS320E14 (3) 256 — 4K 4K 1 7 x 16 (4) 160 — — 68 CER
TMS320P14T 256 — 4K 4K 1 7 x 16 (4) 160 — 68 —
TMS320C15 (3) 256 4K — 4K — 8x 16 200 40 44 —
TMS320C15-25 256 4K — 4K — 8 x 16 160 40 44 —
TMS320E15 (3) 256 — 4K 4K — 8x 16 200 40 — 44 CER
TMS320E15-25 256 — 4K 4K — 8 x 16 160 40 — 44 CER
TMS320LC15 256 4K — 4K — 8 x 16 250 40 44 —
TMS320P15T 256 — 4K 4K — 8x 16 200 40 44 —
TMS320C16 256 8K — 64K — 8x 16 114 — — 64 QFP
TMS320C17 256 4K — — 2 6 x 16 (5) 200 40 44 —
TMS320E17 (5) 256 — 4K — 2 6 x 16 (5) 200 40 — 44 CER
TMS320LC17 (5) | 256 4K — — 2 6 x 16 (5) 278 40 44 —
TMS320P17 (5)T | 256 — 4K — 2 6 x 16 (5) 200 40 44

T One-time programmable (OTP) device is in a windowless plastic package and cannot be erased.

NOTES: 1. DIP = dual in-line package. PLCC = plastic-leaded chip carrier. CER = ceramic-leaded chip carrier. QFP = plastic quad flat pack.
2. Military version available.

Military versions planned; contact nearest Tl Field Sales Office for availability.

On-chip 16-bit I/O, four capture inputs, and six compare outputs are available.

On-chip 16-bit coprocessor interface is optional by pin selection.
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TMS320C25 Key Features — 2nd. generation (1990)

100-ns / 80-ns Instruction Cycle Times

54? Words of Programmable On-Chip Data RAM (BO-
B2

4K Words of On-Chip Program ROM

128K Words of total memory space

133 general purpose and DSP instructions
16 Input and 16 Output Channels

16-Bit Parallel Interface

16-Bit Instruction and Data Words

16 x 16-Bit Multiplier With a 32-Bit Product
32-Bit ALU and Accumulator

Single-Cycle Multiply/Accumulate Instructions
0 to 16-Bit Scaling Shifter

Bit Manipulation and Logical Instructions

Floating-Point Operations, Adaptive Filtering, and
Extended-Precision Arithmetic

Repeat Instructions for Efficient Use of Program Space

Eight Auxiliary Registers and Dedicated Arithmetic Unit
for Indirect Addressing

Serial Port for Direct Code Interface

Synchronization Input for Synchronous Multiprocessor
Configurations

Wait States for Communication to Slow-Off-Chip
Memories/Peripherals

On-Chip Timer for Control Operations
Three External Maskable User Interrupts
1.6-uym CMOS Technology

Programmable Output Pin for Signaling External
Devices

Single 5-V Supply
HLL: High-level language

Memory
Data RAM Data RAM | Data/Program RAM | Program
Block B2 Block BO Block B1 ROM
32x16 Bits | 256x16 Bits 256x16 Bits 4Kx16 Bits
CPU Memory Mapped
16-bit Barrel : : Peripherials
Shifter 16-bit T-Register |
32-bit ALU Timer
16x16 bit Multiply
32-bit ACC Interrupt Mask

0-,1-,4-,6-bit Shift

32-bit P-Register

Global Memory

0-7-bit Shift

16 bit 1/0

8 Auxiliary Registers

Serial Port

8-level Hardware Stack

2 Status

Repeat Count

Registers

Instruction Register

16x16 inputs

16x16 outputs
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TMS320C25 Device Overview

(1990)

MEMORY
DEVICE ON-CHIP OFF-CHIP /ot TIMER G_;l;aEE F'J':"ru‘FéR PAFYKFJ:EGE
RAM ROMEPROM| PROG DATA| SER PAR  DMA (ns) | (MW) I"eea  PLCC CER-QUAD
TMS32020F (nmos) | 544 _ 64K 64K |vEs 16xi6 vES | vyEs | 200 | 1250 | e8 @ — _
Tmsazoc2st  (cmos) | 544 4K 64K 64K |YES 16x16 con | vEs | 100 500 68 68 —
TMS320C25-508 (CMOS) | 544 4K BaK 64K |YES 16x16 coN | vEs | a0 500 — 68 —
TMS320E258  (cMOS) | 544 4K 64K 64K | YES 16x16 conN | yEs | 100 500 - 68

TSER = serial; PAR = parallel; DMA = direct memory access; CON = concurrent DMA.
¥ Military version available; contact nearest Tl Field Sales Office for availability.

§ Military version planned; contact nearest Tl Field Sales Office for details.
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TMS320C26 Key Features

100-ns Instruction Cycle Times
1,5K Words of On-Chip Data/Program RAM (B1-B3)

Floating-Point Operations, Adaptive Filtering, and Extended-

Precision Arithmetic

32 Words of On-chip Data RAM (B3)

256 Words of On-Chip Program ROM

128K Words of total memory space

133 general purpose and DSP instructions

16 Input and 16 Output Channels

16-Bit Parallel Interface

16-Bit Instruction and Data Words

16 x 16-Bit Multiplier With a 32-Bit Product
32-Bit ALU and Accumulator

Single-Cycle Multiply/Accumulate Instructions
0 to 16-Bit Scaling Shifter

Bit Manipulation and Logical Instructions
Repeat Instructions for Efficient Use of Program Space

Eight Auxiliary Registers and Dedicated Arithmetic Unit for
Indirect Addressing

Serial Port for Direct Code Interface

Synchronization Input for Synchronous Multiprocessor
Configurations

Wait States for Communication to Slow-Off-Chip
Memories/Peripherals

On-Chip Timer for Control Operations

Three External Maskable User Interrupts

1.6-um CMOS Technology

Programmable Output Pin for Signaling External Devices
Single 5-V Supply

HLL: High-level language

Memory

Data/Prog | Data/Prog | Data/Prog Data Proaram

RAM RAM RAM RAM RgM
Block BO Block B1 Block B2 Block B3 256x16 Bits

512x16 Bits | 512x16 Bits | 512x16 Bits || 32x16 Bits
CPU Memory Mapped
16-bit Barrel : : Peripherials
Shifter 16-bit T-Register |
32-bit ALU Timer
16x16 bit Multiply
32-pit ACC Interrupt Mask

0-,1-,4-,6-bit Shift

32-bit P-Register

0-7-bit Shift

8 Auxiliary Registers

Global Memory

16 bit 1/0

Serial Port

8-level Hardware Stack

2 Status

Repeat Count

Registers

Instruction Register

16x16 inputs

16x16 outputs
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TMS320C3x Key Features (1999 upd.)

m Parallel DSP CPU! Memory
- I I Program RAM RAM Program Boot

m 25-75 ns instruction cycle ol o - |
time 64x32 Bits 1Kx32 Bits 1Kx32 Bits 4Kx32 Bits

m Single-cycle MAC —

m 16-/32-Bit Integer and 5T oA
32'/40'B|t Floatlng'POInt F|0at/integer 32x32 bit Source Address
Operatlons ALU Float/Integer Destination Addr.

_bi Multipl
= 40-50 (max 80 MFLOPS) Sl Pt Transfer Count
B Max 440 MOPS 8 Extended Precision Registers Addr. Generator
8 Auxiliary Registers .

m 16M words external 2 Index Registers Control Register
address reaCh Addr Gen 0 Addr Gen 1 Peripherals

m ANSI-C compiler S—

12 Control Regs:
m 0.8-um CMOS Technology RPTB, Circular, IE, IF, ST, Stack N,
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TMS320C40 Key Features (2004 upd.)

High-speed Parallel DSP CPU!
(8 operations/cycle)
Floating point/integer multiply
Floating point/integer addition
Two data accesses
Two address register updates

Zero overhead branch and loop counter
update

33-50 ns cycle-time

Max. 330 MOPS, max. 60 MFLOPS
40-Bit Floating-Point

32-Bit Integer Multipliers

512-byte On-chip Program CACHE

8K Bytes of Single-Cycle Dual-Access
Program or Data RAM

IEEE-754 Floating Point Format
DIV and SQRT support /clk
6-channel DMA coprocessor

6 communication ports

325-pin CPGA package

0.8-ym CMOQOS Technology

Memory
Program RAM RAM Program Boot
Cache BO Bl ROM
512x32 Bits 4Kx32 Bits 4Kx32 Bits (reserved)
CPU DMA Co-Processor
Float/ : Channel 0
integer ALU 40/32 bit ;
Float/ Integer :
32-bit Barrel Multipler :
Shifter Channel 1
12 Extended Precision (40 bits)
Registers
8 Auxiliary Registers
2 Index Registers Peripherals
Addr Gen 0 Addr Gen 1 Timer (0..1)

14 Control Regs:
RPTB, Circular, IE, IF, ST, Stack

Comm Port (0..5)
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TMS320C5x Key Features (1996 upd.)

m Source code compatible with the
TMS320C1x/C2x

m 25/ 50ns instruction cycle
m 50 MIPS

m 16-bit PLU (Parallel Logic Unit) —
bit manipulation

m Expanded blocks of on-chip
data/program RAM and program
ROM

m Single-cycle MAC

m 192K words of addressable total
memory

m Added general purpose and DSP
specific instructions

m1.6-um CMOS Technology (132-
pin QFP package)

m JTAG test/emulation control

m ANSI C compiler

Memory

Data/Prog RAM
Blocks

'C50: 10Kx16 Bits
'C51: 2Kx16 Bits
'C53: 4Kx16 Bits

Boot ROM

'C50: 2Kx16 Bits

'C51: 8Kx16 Bits

'C53: 16Kx16 Bits

CPU

0-16-bit PreShift

16-bit T-Register

32-bit ACC
w/Buffer
32-bit 16x16 bit Multipl
AU PLU Ply
0-7-bit PreShift
0-16-bit : .
RightShift 32-bit P-Register
Memory Mapped | 0-,1-,4-,6-bit Shift
Registers: :
-8 Auxiliary Context Switch
-3 TREGs Status Register
-Block /Repeat
-Circ Buffer Instruction Reg.

Memory Mapped
Peripherials

Timer

Software wait
states

I/0O Ports

Serial Port 1/2

PLL
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TMS320C5x Device Overview (1996)

ON-CHIP MEMORY (16-BIT WORDS) /0 PORTS cower | cvete | eackace
TMS320 DARAM SARAM ROM
DEVICES DATA + DATA + SUT;FLY TIME WPE
DATA SROG SROG PROG | SERIAL | PARALLELT V) (ns) QFP
TMS320C50 544 512 oK 2K§ 2 64K 5 50/35/25 132 pin
TMS320LC50 544 512 oK 2K§ 2 B4K 3.3 50/40/25 132 pin
TMS320C51 544 512 1K 8K§ 2 64K 5 50/35/25/20 | 100/132 pin
TMS320LC51 544 512 1K 8KS 2 64K 33 50140125 | 100/132 pin
TMS320C52 544 512 ~ AKS 1 B4K 5 50/35/25/20 | 100 pin
TMS320LC52 544 512 ~ AKS 1 64K 3.3 50/40/25 100 pin
TMS320C53 544 512 3K 16KS 2 B4K 5 50/35/25 132 pin
TMS320LC53 544 512 3K 16KS 2 64K 3.3 50/40/25 132 pin
TMS320C53S 544 512 3K 16KS 21 64K 5 50/35/25 100 pin
TMS320LC53S | 544 512 3K 16KS 21 64K 3.3 50/40/25 100 pin
TMS320LC56 544 512 BK 32K 2 # B4K 3.3 35/25 100 pin
TMS320LC57 544 512 BK 32K # 64K + HPI ] 33 35/25 128 pin
TMS320C57S 544 512 6K K§ 0 # 64K + HP!I | 5 50/35/25 144 pin
TMS320LC57S | 544 512 6K K§ 0# 64K + HP!I | 33 50/35 144 pin

T Sixteen of the 64K parallel /O ports are memory mapped.

¥ QFP = Quad flatpack

§ ROM boot loader available

ﬂTDM serial port not available

#Includes auto-buffered serial port (BSP) but TDM serial port not available
| HPI = Host port interface
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Texas Instruments
TMS320C6000 —
nagyteljesitményu processzor
csalad

“? TEXAS
INSTRUMENTS

www.ti.com
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" JEE—
Modern DSP architekturak: TI C6000
sorozat

Software Compatible

High-end

*More than 30 code-compatible
C6415 (~3009%)

device .

fd y xTM
*Raging from $12 - 1 GHz Devices
*IDE - Optimized C code i

*Millions shipped to date

Increasing Performance, Memory & Peripherals

Da-Vinci
DSP
Devices
o= T
- Cb4x \
~ Devices Luml 4
N Low-end
- g . - C67x ‘ |
Devices Floating Point Devices ﬂ; ' (12-159)
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A TMS320C64x gyartasi
parameterel

m 600 /720 /850 MHz and 1- GHz Clock
Rate

m 90 nm/ 7- Level Cu Metal Process
(CMOS)

m Power consumption @1GHz ~1W
m 1GHz mass production started 2004 Q4
m 532 Pin - Ball Grid Array
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A C6415 DSP architekturaja

C64x Digital Signal Processor

64
< " EMIFA
16 | — L1P Cache
< : EMIFB
4 M Timers (3)
C64x DSP Core
r
< McBSPO Instruction Fetch Control
Registers
<« Utopia Jor| McBSP1 Instruction Dispatch
Enhanced Control
— DMA Lo Instruction Decode Logic
< c Conet;oller Memory Tost
ch | Data Path A Data Path B
) —..[_FP anneis [ ARegister File ||[ B Register File || |n_cireuit
D GPIO(8) R * | Emulation
r y r A
. L1]s1|m1]D1]||D2|M2]s2]L2 || Interrupt
h GPIO(8) Control
Interrupt
Selector X X
| — L1D Cache
Boot Power
Configuration Down Logic PLL




" B
C64x processzor magja

2 Regiszter bank
8 Processzald egyseg

L,S, M, D (2 x 4)

Valtozo bitmelysegl

muveletek (16, 8)

2 Adatutvonal

Keresztiranyu
adatutvonalak

Specialis utasitasok
(VelociTl.2 extensions)

C64x CPU

Instruction fetch

Instruction dispatch

Control registers

Interrupt
control

Advanced instruction
packing Advanqed
emulation
Instruction decode
Data path 1 Data path 2
Register file A Register file B
A15-A0 B15-B0
A31-A16 B31-B16
L1]1]S1 M1 D1 D2 M2 S21 L2
+ + X : X + X : X + +
+ + X X + +
+ + | x | x + +

| 5<
U

Dual 64—bit load/store paths
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C64x processzor magja (folyt):

Regiszter bankok

m Ket regiszter bank (A,B)

Dualis struktura

m 32db 32-bites regiszter
mindkét bankban Data Path A Data Path B

A Register File B Register File

(3 db/regiszterbank) L1 | S1 | M1 M2 | S2 | L2

gt I N = I
D{ E%;z

Korkoros cimregiszter

(4 db/regiszterbank)
Adatregiszter
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Co4x Processzald

egysegek

M1, M2 egységek

—
—_
)]
—_—

D2

Szorzo 6sszeadd (MAC) egység

S1, S2 egysegek

16 x 32 multiply operations
Dual and quad multiply operations

Dual and quad multiply with
add/subtract operations (MAC)

Rotation
Variable shift operations

Aritmetika, komapralasok, elagazasok

32-bit arithmetic and logical operations
32/40-bit shifts

Branches

Dual and quad compare operations

Dual and quad saturated arithmetic
operations

L1, L2 egységek

Logikai és aritmetikai egység

D1, D2 egységek

32/40-bit arithmetic and compare ops
32-bit logical operations

Byte shifts

Dual /quad arithmetic operations
Dual {guad; min{max operations

Quad 8-bit subtract with absolute value

D4g

Cimaritmetikai egység

32-bit add, subtract, linear and circular
address calculation

Loads and stores single and double
words with constant offset

3d2—b|t logical operations
Dual 16-bit arithmetic operation

19
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C6415 magja: adatut ‘A

-

Data-path A

“

2x32 bit input (L,S,M,D)

src

L1

A

32 bit output (L,S,M,D) src2 {
. dst -
Extra 8 bit /0 (L,S) jong dst}— 8, .
long srcj+—
ST1b (Store Data) * o5 oo
ST1a (Store Data) + + 3
long srcf*—~73
long dst 7 L
dst s
_ ) 81 srct
32-bit kereszt adatut sre2 «
2X64 blt I/O a |g.ng dst b .
regiszterbankok és az LD ” S*r’:: 4 >
cache kozott '
src2 {j_'
LD1b (Load Data) —32MSBs , >
LD1a (Load Data) —32LSBs ,
dst >
DA1 (Address) D1 sre
src2 { )

I

2X

Register
File A
(A0-A31)
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Co64x Utasitasbusz

mMind a 8 processzornak 32 bites az
utasitaskod szelessege — 256 bit szeles
utasitasbusz

Ez egyetlen busz, azaz az a kulonbozo
processzorok nem agazhatnak el onalloan!

Tipikus C kodnal 2-3 processzor megy
egyszerre.
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C64x: L1, L2 Cache-memoria

L1 cache (2x16K). L2 cache (1024K):
kulon adat es konfiguralhato
programtar
L2 mode bits
Block base
Céax CPU 000 001 010 011 111 L2 memory address
0000 0000h
256 bit 2 % 64 bit
— i
| I 3/4 768K byt
1 L1P L1P I Write SRAM yies
| |16Kbytes| [16Kbytes| | buffer 7/8
| ! SRAM
Yo - _Ltcache T A__1{ All 332 | 1818
SRAM  |SRAM 000C 0000h
256 bit 1 1 256 bit 128K bytes
4-way
cache
L2 SRAM L2 Cache — 00OE 0000h
- 64K bytes
On-chip L2 memory ﬁa\;’ﬁﬁ
M 2wy 32K bytes 00OF 0000h
64 bit 4-wa cache 000F 8000h
t y 32K bytes 0010 0000h
External memory
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C64x mag: Keresztiranyu
adatutvonalak

C64x CPU - VelociTl.2
New cross path
A0—bit write paths (8 M5SBs, DL; 32 LSBs, D)
40-bit read paths (8 MSBs, SL; 32 LSBs, 52)

Register AO-A31 Register BO-B31
r 3

r 3 r 3

T T

3L

r 3
52 DDLS SLDL D S1 S2 DL D 51 52 D 51 52 52 S1D 52 51 DLDYYS2 S1 D DLSL SLDL D 5S2 51
L1 S1 M1 D1 D2 M2 S2 L2
LD1b — | b ST1b LD1a . LD2a 5T2b «— | — LD2b
(load data) (store data) (load data) (load data) (store data) {load data)
32 M5Bs v 32 MSBs 32 LSBs 32 LSBs 32 MSBs v 32 MSBs
(store data) (address) (address) (store data)

32 LSBs 32 LSBs
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A C64x processzorok DMA-ja

DSP minden I/O kérést a DMA-n keresztul éri el
64 DMA csatorna
Osszesen 2 Gbyte/sec

Kapcsolt DMA csatorna (linking)

Eseményhez csatolt DMA csatorna, amelyik automatikusan indul az
esemeény hatasara (intr)

Lancolt DMA csatorna (chaning)
DMA csatorna egy masik DMA transzfer végén indul (loop lanc)
Egyszeri inicializalas utan onjaré DMA-k
Korkoros, illetve ping-pong adatteruletek
1D-2D csatornak
— Képbdl egy részkép kivagasa, sorfolytonos olvasassal

56



"
Negy fuggetlen DMA queue

m Concurrency (4 fuggetlen — konkurens sor)

m Channels on different queues can interleave
transfers on a cycle by cycle basis. e.g.:

cycle 1 queue O
m service a L2 cache miss to EMIFA (64 bit)

cycle 2 queue 1
= Move data from a serial port to EMIFB (16 bit)

cycle 3 queue 3
n the PCI/HPI could transfer data to mapped internal memory.

cycle 4 queue 4
= the EMIFA could move data to a serial port (RS232)
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A C64x processzorok periferial

Harom parhuzamos busz
m 64 bites (EMIFA), és egy 16 bites (EMIFB)

3-3 memoria vezerlo
» SDRAM vezérl6
m Szinkron vezeérl6 (szinkron burst SRAM, stb)
m aszinkron vezeérlé (SRAM, FIFO, egyéb periféria)

HPI vagy PCI interface
m Programozhato |/O csatorna (GPIO)
m Harom soros port (McBSPXx)

Kapcsolat perifériakhoz, és mas C64x processzorhoz
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Texas Instruments
TMS320DM64xx — Da Vinci DSP
csalad & SW Tools

“? TEXAS
INSTRUMENTS

www.ti.com
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" B
Tl Da-Vinci Digital Media
processzorcsalad

m Da-Vinci DSP: tailored for digital video applications
m TMS320DM644x: highest integrated SoC

video phones, automotive infotainment, digital stillcameras, streaming
media and IP settop boxes.

m TMS320DM643x: low cost processor
Automotive video applications (lane departure and collision avoidance)
Machine-vision systems
Robotics
Video security

TEXAS INSTRUMENTS

m Beépitett kdodolas/dekddolasi modok:
H.264, MPEG-4, JPEG, AAC, MP3, G.711, HE-AAC, AC3, WMAO9 stb.
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TI DM643x és DM644x sorozat

Automotive
Infotainment

0

Video
Security
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TMS320DM6446 Da-Vinci DSP

TMS320DM6445 EUIEEEQW B e - DVEVM: Digital Video EValuation
ARM DSP Module (HW) ~ 2500%

Subsystem  Subsystem et b - SDK SW Tools: 7000$ - 11000$
Resizer

(2007 Q2)

10b DAC

10b DAC
10b DAC

Switched Central Resource (SCR)

Peripherals Connectivity System

AN
2.0 with T;’
PHY MDID

Serial Interfaces Program/Data Storage

Audio E DDRz |/Async EMIF][ ATA/
Senal Controller|| MNAND/ || Compact
Port (16b/32b) | |SmartMedia|| Flash



" M
DSP Sw-based Design-Flow

* Code Composer Studio

» eXpressDSP™ Software and Development

Algorithm Design Tool
Using
MATLAB/Simulink
Application/Developer Kits
l Reference Frameworks ﬂl
? Compliant . A plicatio-u
Write Assembly < IDSF_} Code Composer Studio™ Dev. Tools | Algorithm ftesare
or C Code Libraries TMS320™ DSP Algorithm Standard
Compliant Compliant Compliant Compliant
l Plug-in Plug-in Algorithm Algorithm
Signal Processing Libraries

Program Program Real-Time
Algorithm Implementation Build  Debug Analysis DSP/BIOS™ Drivers
Using DSP Processor a—
Tools (Compiler,
Assembler, Linker, XDS560™ Emulator
and Debugger)

Embedded Emulation Components
Host Computer TMS320™DSP
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IDE Features Throughout the
Algorithm Development Cycle

Application Code & Analyze &
. / AN

e

*Select Target
*DSP/BIOS Config
*eXpressDSP Algorithm
Standard

*Update Advisor
*Power Planning

*Code Gen Tools
*Project Manager
Editor

*Online Help

Power Management

\ 4
*Debugger
*Simulation
*Multi-Processor
*Data I/O & RTDX
*Advanced Event
Triggering

*Scripting

*Connect / Disconnect
*Rewind

*Real-Time Analysis
*Profiler

*Visualize Data
*CodeSizeTune
*Code Coverage
*Cache Analysis
*Tuning Dashboard
*Compiler Consultant

64


http://focus.ti.com/dsp/docs/dspsupporto.tsp?sectionId=3&tabId=452
http://focus.ti.com/dsp/docs/dspsupporto.tsp?sectionId=3&tabId=453
http://focus.ti.com/dsp/docs/dspsupporto.tsp?sectionId=3&tabId=454
http://focus.ti.com/dsp/docs/dspsupporto.tsp?sectionId=3&tabId=455

Tl Code Composer Studio

CodeWright Editor
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Kapcsolodo hatteranyagok:

m WWW.tl.com

m http://focus.ti.com/dsp/docs/dspgettingstart
ed.tsp?sectionld=4
(Getting Started DSP)

m http://www-s.ti.com/sc/techlit/ssdv004.pdf
(Selection Guide 2007 Q2)
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http://www.ti.com/
http://focus.ti.com/dsp/docs/dspgettingstarted.tsp?sectionId=4
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