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Three DSP Breakthroughs Announced in 2000
Impacting Future of Broadband, Emerging & Mass Markets
"% PP

C2000™ DSP C5000™ DSP C6000™ DSP

il

TI C28x™ DSP Core: TI C55x™ DSP Core: TI C64x™ DSP Core:
The world’s first control The world’s lowest The world’s highest
optimized DSPs mW/MIPS DSPs performance DSPs
* Up to 400 extended e As low as 0.05mW/MIPs e Scalableto 1.1GHz
precision MIPs for longest battery life « Best DSP compiler,
* Best C/C++ Control Code * Best code density ease of use
Efficiency _ .
_ * Software compatible * Software compatible
e Software compatible with C54x™ DSP with C62x™ DSP

with C24x™ DSP
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T1 C2000™ DSP Platform Leads
Digital Control Market

FIRST

First single-chip DSP motor controller (1996)

First DSP with on-chip Flash memory (1997)

First turn-key solution for DSP motor control (1999)
First DSP core specifically designed for control (2000)

BROADEST
Over $2B in design-ins since 1997
Major OEM engagements worldwide

Over 1000 customers designing with C2000 DSPs today
Largest DSP controller portfolio from sub $2 to 400 MIPS
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C2000™ Drives
Digital Control Applications

DSBS fsh ”

» Motor Control » Transportation
» Industrial Drives » Power Supplies
» Factory Automation » Consumer Goods

» Appliance Controllers _ _
» Servo Motion Control » Office Equipment

» Pumps, Fans, HVAC » Embedded Networking

THe Worto Leaoer Inw DSP AND ANALODG *ﬁiTEmslwsrnuMENTs



C2000" Motor Control DSPs

The World’s First Control Optimized DSPs

(YII\AWAIr_ { () 1Y

20X higher
In Silicon performance

D In Development
? Roadmap

25%more
code efficient

Control Performance
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TMS320LF2407 : World's Most
Integrated DSP Controller
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Event Manager
Data RAM Boot ROM Program Flash  |Event Manager ||
2.5K words 256 words 32K words 2 timers i
D(15-0) ‘ 5 compares | f-
8 PWM outputs | €
Program / Data / /0 Buses :
Dead band logic| P
A(15-0) ‘ LE input captures | B
'C2xx DSP Core 2 QEP channels | [~
16-bit T register
16-bit barrel | 16 x 16 multiply & WD Timer
shifter (L) 32-bit P register 3
Shift L (0,1,4,-6) = = CAN
32-bit ALU E
32-bit accumulator = - SCI
Shift L (0-7) 8
8 auxiliary registers “ SPI
8-level hardware stack
=epedicolt ) AID Converter
2 status registers 10 bits, 16 channels
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‘C2000™: Industry’s Broadest

245 PP D3P Controller Portfolio

‘F240 ‘C240 ‘F241 ‘C242 ‘F243 ‘LF2402 ‘LC2402 ‘LC2404 ‘LF2406 ‘LC2406 ‘LF2407

MIPS 20 20 20 20 20 30/40 30/40 30/40 30/40 30/40 30/40
MEMORY
Flash 16K O 8K O 8K 8K O O 32K O 32K
ROM O 16K O 4K O O 4K 16K [ 32K [
RAM 544 544 544 544 544 544 544 1.5K 2.5K 2.5K 2.5K
Boot ROM O 0 [ [] 0 Yes 0 0 Yes [] Yes
EVENT MGR
GP Timers 3 3 2 2 2 2 2 4 4 4 4
CMP/PWM 9/12 | 912 5/8 5/8 5/8 5/8 5/8 10/16 10/16 10/16 10/16
CAP/QEP 412 412 32 32 32 32 32 6/4 6/4 6/4 6/4
10-BIT ADC
Channels 16 16 8 8 8 8 8 16 16 16 16
Conv. Time 6.6ps | 6.6us | 850ns | 850ns | 850ns | 500ns 500ns 500ns 500ns 500ns | 500ns
COMMS
SCI (UART) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
SPI Yes Yes Yes U Yes U 0 Yes Yes Yes Yes
CAN O O Yes O Yes 0 0 0 Yes Yes Yes

GPIO 28 28 26 26 32 21 21 41 41 41 41

WATCHDOG Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
EMIF Yes Yes No No Yes No No No No No Yes
VOLTAGE 5V 5V 5V 5V 5V 3.3V 3.3V 3.3V 3.3V 3.3V 3.3V

PACKAGING 132 132 64 64 144 64 64 100 100 100 144
PQFP | PQFP | PQFP | POQFP | TQFP | PQFP | PQFP | TQFP | TQFP TQFP | TOFP
{00V [oaa[6/\M Today | Today | Today | Today | Today | Today 4Q00 4Q00 Today 4Q00 Today
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High-End Digital Control: A Unigue
Set of Stringent Requirements
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Advanced control
algorithmsare
Increasingly

complex Extended Superio

Higher Iglumfr ical Code
Processing esolution Efficienc
Bandwidth

Software Ultra-Fast

I nterrupt
e Service

Powerful

Non-Intrusive T
Debug Compatibility

Reuse of
'~ proven code protect
softwar e investment
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TMS320C28x™ DSPs Surpass
High-End Control Designers’ Expectations

C28x™ Delivers

Relative Advantage

400 MIPS
Single-cycle 32x32 MAC with
32/64-bit saturation/scaling

20x faster

Best code efficiency
8-GByte linear address space

25% more efficient than
best RISC competition

20—40ns interrupt response
Interrupt-proof atomic read-
modify-write instructions

10x faster

Unique real-time debug feature
and 20+ Mbit/second data

logging

20x faster

Software code compatibility
from sub $2 to 400 MIPS

Unique
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TMS320C28x™: An Innovative Approach

555 W

Combines the Best of RISC/CISC/DSP

Uniqueto C28x™

Program Bus (22 addr/32 data)
I K S BN  Memory

Data Read Bus (32 addr/32 data) (8 MB Program)

(8 GB Data)
Address CPU
Trace Real-Time M PY Custom
Port Emulation R-M-W 32%x32 Logic
- Tiet Atomic
H
Data

$

Loggin
N9 Register Bus

Data Write Bus (32 addr/32 data)
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o534 P Best Code Efficiency for Control
o Applications Reduces Total System Cost

C28x: Best
Control Code
Efficiency

Based on C compiler results of actual servo control code
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Atomic Read-Modify-Write Operations
DS
2060 ”Enhances Performance, Code Density, Integrity

RISC

MODIFY

Register k(=] CPU MEM

e

B

L oad/Store 1 Cycle Read-Mod-Write
(RISC/DSP/C28x) (C28x only)

|-m_k/MOD.FY
|
___ STORE I nter rupt-Proof

Disable Interrupts OPERATE  mem,Opers
LOAD Reg,mem

OPERATE Reg,Operand
STORE Reg,mem
Enable Interrupts
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TMS320C28x™ Product Features
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» The TMS320C28x Family
» ‘C28x 32-bit Fixed Point DSP Core
» Up to 400 MIPS Processing Power
» Code Compatible with all C24x devices
» 1.8 volt core and 3.3V peripherals
» Up to 128k of Flash Memory
» Enhanced Motor Control Peripherals
» Integrated High Performance 12-bit ADC
» Improved communications ports including CAN, UART, etc..
» Enhanced Tool Suites with C and C++ support

TI Confidential Information - Do Not
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C2000™ TI Foundation Software
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» Peripheral Drivers
» Drivers enable peripheral configuration and control
» Both Assembly and C versions available

» Function Libraries
» DMCLib (Motor Control Library)
» General Purpose control functions

» Application Technology Development Kits (TDKS)

» Motor Control TDKs under development
¢ AC Induction
¢ Brushless DC
¢ PM Synchronous

» Others TBD

TI Confidential Information - Do Not
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Code Composer 4.1 Release for C2000™

Offers Plug-in Capabilities and Real-time Monitor

BT T st loman | wvin amand oY 1 7o e Fommaa vhy e wad
i i o Pt [ P e il Limk gl e

SR 4% [ [ e

» Same IDE as C6000/C5000 CCS

o Pusims Al I
" o , » C2000 Code Gen Tools packaged
| e | — with CC4.1 release
. ; » Full Plug-In Capabilities
; 1=~ | ))Real-Time Monitor (RTM) integrated
ol into CC4.1 and enables:
' » Interrogation / modification of device
- g memory while application code runs.
E - » Single-stepping of background code
2 | B while ISR’s run in real-time.
w- Jmm_ﬁ___ﬂw A » Tuning of system parameters, e.qg.

PID loops, Motors char, etc..

» Software switches to control/invoke
motor wind-down sequence.
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o534 IV Hardware Development Tools

Evaluation Modules DSP Starter Kits

»F24x development board » F24x evaluation board

» C-Compiler/Asm/Lnk » DSK Assembler

» Code Composer v4.10 » Code Explorer

» XDS510PP Emulator Debugger

» Power Supply » Serial Comms Link
» Price: $1995 » Power Supply

» Price: $195

Power Modules
» Interfaces to EVM or
standalone operation

» Protection features
provide convenient s/w
development platform

» Rated up to 3/4HP

» Support 3ph and 1ph
motors (BLDC, ACI, SR)
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e ’ > TI Analog Components Attach
e Seamlessly to C2000 DSPs

Voltage Regulators
TPS7250 TPS7233
UA7850

Supply Voltage Supervisors : :
L S » Direct C2000 interface

Voltage Regulatorswith

Supply Voltage Super visor -
e e » D_eS|gned for ease of use
Operational Amplifiers with C2000 DSPs

TLC22xx TLE20xx
TLV22xx TLE21xx

High-Speed RS-232/RS-485 » Meets typical C2000 system

Controller Area Network (CAN) . . .
SN75LBCO31 SN75C189 SN75LBC184 application requirements

Analog-to-Digital Converters
TLV2544/8 TLV2554/8
TLV157x THS1206
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Tl & 3rd Parties Winning Together

=258 PP In the Embedded Control Market

» C2000™: The Most Control-optimized DSPs in the world
» Best C/C++ Code Efficiency for Control
» Industry’s broadest portfolio, from sub-$2 to 400 MIPS
» Code compatibility across C2000™ platform protects software investment

» 3rd Parties opportunities with TI's C2000™ DSP Platform
» Code Composer Plug-ins
» XDAIS Compliant Software Algorithms
» Hardware Development Platforms
» System Engineering / Consulting

» University opportunities with TI's C2000™ DSP Platform

» Research Grants
» XDAIS Compliant Software Algorithms
» System Engineering / Consulting
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