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CAUTION

dupma Mukpo/IAB Cucmemc JImd (MJIC) octaBnsieT 3a coboll NpaBoO BHOCUTL NOOblIE M3MEHEHWS U MpekpallaTb BbIMyCK U
nogaepxKy nobbix M3genui 1 MNPOrpaMMHOrO obecrneveHusi, YNOMMHAeMbIX B HacTosieM [okymMeHTe, 6e3  kakoro-nnbo
npeaBapuTENbLHOTO YBEOOMIIEHUS, €CNM WMHOe creuuanbHo He oroBapuBaeTcs. MJIC pekoMeHAyeT CBOMM  MOKynatensim
nonb30BaTbCs MOANIMHHBIMU U CaMblMW MOCHEAHUMU BEPCUAMU (DPUPMEHHBIX MH(POPMALIMOHHBIX AOKYMEHTOB M OCYLLECTBMSTb
npeaBapuTenbHOE KOHCYNbTUpPOBaHWE C MPMON Mepen pasMelleHneM 3akas3a, YToObl OblTb YBEPEHHbIM, YTO HacTosLias
MHOpPMaLWs JOCTOBEPHA U MPUMEHMMA Ha TEKYLLMA MOMEHT.

MJIC rapaHTMpyeT KayecTBO M COOTBETCTBME TEXHMYECKMX MapaMeTpoB MOCTaBMSEMOM MPOOYKUMU MPUBELOEHHOW TEXHUYECKOM
cneumdukaunm. Beskoe TecTMpoBaHWe 1 NpoBepka NpoayKLMu Npou3BoAATCs OUPMON B CTeNeHn n obbemax, HeobxoamMmbIX ANs
NnoaAepXkn HacTosiLe rapaHTum. Kakoe-nvbo [AononHUTenbHoe TeCTUPOBaHWE M NpoBEpKa NPOAYKLMKM Ha COOTBETCTBUE APYrvM
TpeboBaHWsIM NPOBOAATCS NULLL W TOMbKO B CIYy4asiX, BbIMOMHSIEMbIX MO CheumanbHbIM 3akasam, Unv Toraa, Koraa aTo crneuuansHO
oroBapuBaeTcsi.

MJ/IC He HeCeT HMKaKoW OTBETCTBEHHOCTM 3a MpPaBUIIbHOCTb (OYHKLUMOHMPOBaHMS U paboTocnocobHOCTb obopyaoBaHUst U
nporpaMmHoro obecneveHusi, paspaboTaHHOTO U U3rOTOBIIEHHOTO C MPUMEHEHUEM MPOAYKUMM (UNW OTAENbHBIX ee KOMMOHEHTOB)
GMPMbI, €CNN 3TO HE MOATBEPXAEHO cneunarnbHbiM hrpMeHHbIM cepTudimkarom MJIC.

Mpooykuna MJIC He npegHasHadeHa [Ans MNPUMEHEHWs B annapartype, CucTeMax WM UW3denusx Ans  Noaaepxku
XusHugesitenoHocTu. lNpumeHenne npogykuum MJIC B TakoMm oBOpyOooBaHMM KaTeropuyecku 3anpelleHo 6e3 cneumanbHOro
NMCbMEHHOro noaTBepxeaeHus ot MJIC unu opurnHansHoro compmMeHHoro ceptudmkara MJIC.

IMPORTANT NOTICE

HacTosiwasn npoaykuus npeaHasHadveHa Ans Uenonb3oBaHWsi B cocTase NabopaTopHOro TECTOBOMO M Hay4YHO-MCCEA0BaTeNbCKOro
obopynoBaHus. MJ/IC He HeceT OTBETCTBEHHOCTW 3a paboTOCMOCOOHOCTb HAcTOsLWeN NpodykuuMM B COCTaBe Opyroro Tuna
o6opynoBaHUa UMnm B OTNINYHBIX OT CNEeLUULIMPOBaHHbIX YCNOBUSIX SKCyaTaumm. MNpu noBpexaeHusix HacTosLel NpoayKumuy,
BbI3BaHHbIX €€ MPUMEHEHNEM B COCTaBe Apyroro Tuna obopynoBaHUst W/UnM yCrioBUIn aKChyaTaunm, rapaHTuiHble obsizatenscTBa
aHHynupytoTcs 6e3 kakoro-nMbo Bo3MeLLieHust yLep6a u peMOHT NPOU3BOAMUTCS 3a CHET Nokynarensi.

HacTosiwaa npoaykuusi reHepupyeT, WCMONb3YET M MOXET M3MydyaTb pafMoqacTOTHYI SHEPrU0, KOTOpasi MOXET co3daBarb
pagMoYacToTHble MOMEXM ANs APYroi anmnapaTypbl, HECMOTPSl Ha BCE KOHCTPYKTUBHbIE U ApyrvMe Mepbl, NpeanpuHsaTbie Ans
MWHUMM3aUMM co3paBaeMbix nomex. OfHako, B Cryyae BO3HWKHOBEHWS MOMeEX Ans paGoTbl Apyrol annapatypbl MokynaTerb
[OIDKEH CaM U 3a CBOW CYET NPUHATL MEPbI ANS UX YCTPAHEHWS UMM YMEHbLLIEHUSI.

ITEMS OF LICENSE AGREEMENT

Hukakme 4acTu HacTosiLlero [AoKyMeHTa, annapatHble W MporpaMMHble YacTW HacTosiLeid Npoaykuuu He MoryT ObiTb
peacceMbnmnpoBaHbl, PeTPaccupoBaHbl WM U3MEHEHbI C LIEMbI0 BOCCTAHOBMEHUS W/WNW U3MEHEHWUST 3NEKTPUYECKON CXeMbl,
KOHCTPYKUMK, anropuTMa paboTbl MAM NpuHLUMNA (YHKLMOHMPOBaHUA TobbiMM METoAamu, BOCMPOW3BEOEHb!, CKOMMPOBaHbI,
3aMoMHeHbl B apxvBax C BO3MOXHOCTbIO BOCMPOM3BEAEHUS, @ Takke nepefaHbl NO CPeACTBaM CBsi3M B NoboM Buae v nobbimu
meTtoaamu, Oyaob TO SMEKTPOHHbIE, MexaHudeckue, KonvpoBaribHble, oTorpaduyeckve, 3anucbiBalolwme wnu apyrve, 6e3
npeaBapuTenbHO BblAAHHOMO (OMPMEHHOrO MUCbMEHHOro paspelleHnss oT MJIC. HapylweHne HacTosLero MomNoXeHUs BHE
3aBUCUMOCTM OT NPUOBPETEHUSI HacTOsLLEN NPOoAYKUMW WWnuM [OKyMeHTa TPaKTyeTCsl Kak HapylleHWe aBTOPCKMX MNpaB
npecnepyeTcs No 3aKoHy.

MprobpeTeHne HacTosILLEN MPOAYKUMM aBTOMAaTUYECKM O3Ha4YaeT corfiacue MoKynaTtenst € MONOXEHUSIMU  NIULEH3NOHHOIO
cornalleHu1si, PaBHO Kak U OPYrMMY MOSIOXEHUSIMU 3aKkoHa 06 aBTOPCKMX npaBax. HapylueHne HacTosLmX MOMOXEHWIA, paBHO Kak U
OpYrux MOMOXEHWU 3akoHa 06 aBTOPCKUX MpaBaX, TPaKTyeTCsl Kak HapylueHWe aBTOPCKMX MpaB, MpecrienqyeTcs Mo 3aKoHy U
aBTOMaTUYeCKM BEOET K aHHYNMpOBaHWI0 Bcex obsizatenscts MJ/TC no nogaepkke HacTosALEeN NPOaYKLUMN.
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About this Document

This user’s guide contains description f6IORNADO-6x (TORNADO-62/67 rev.1B/1C, TORNADO-
62MX/67MX rev.1A) ultra-high performance 32-bit fixed-/floating-point TMS320C6201/C6701 digital signal
processing (DSP) systems and TMS320 latous for ISA-bus PC and ISA-bus MicroPC host computers.

This document does not include detail description neither for TI TMS320SEXnor for the corresponding
software and hardware applications. To get the corresponding information please refer to the followin
documentation:

1. TMS320C6201/TMS320C6701 Peripheral Reference Guide. Texas Instruments Inc,
SPRU190B, USA, 1998.

2. TMS320C62x/TMS320C67x CPU and Instruct ion Set. Texas Instruments Inc,
SPRU189C, USA, 1998.

3. TMS320C62x/TMS320C67x Programmer’s Guide. Texas Instruments Inc, SPRU198B,
USA, 1998.

4, TMS320C6x Optimiz ing C Compiler User’s Guide.  Texas Instruments Inc, SPRU187C,
USA, 1998.

5. TMS320C6x Assembly La nguage Tools User's Guide. Texas Instruments Inc,
SPRU186C, USA, 1998.

Warranty

The warranty period for all hardware and software products manufactured by MicroLAB System®mad is
year after shipment. MicroLAB Systems Ltd guarantees free of charge repair or replacement for the
manufacturer caused damaged products during warranty period. Software updates will be sent free of charge
the customer during warranty period.

Product registration procedure

MicroLAB Systems strongly recommends that you register each of your hardware/software product purchase
from MicroLAB Systems in order to get free product updates and free technical support within the warrant
period.

The registration procedure is as easy as the following:

* open the PRODUCT REGISTRATION FORM from the REGISTER.TXT file, which is supplied on
every product software support diskette found with every MicroLAB Systems product

» if you are unable to locate the REGISTER.TXT file on your product software support diskette(s),
call/email MicroLAB Systems, advise your email address, and we’ll email this file to you

« fill in the applicable fields of the PRODUCT REGISTRATION FORM (be sure to specify your name,
address, phone/fax, email address, purchased product name and s/n#, and thespedehlalate)

* return the PRODUCT REGISTRATION FORM to MicroLAB Systems either via email or fax.

Note, that the product purchase from MicroLAB Systems should be registered within 90 days after the date
the product shipment from MicroLAB Systems.



If you need assistance, documentation or information...

Should you need technical assistance for purchased MicroLAB Systems Ltd products, or if you want to order
additional documentation, or if you want to get latest information about MicroLAB Systems Ltd products,
please email, call, fax or post to MicroLAB Systems Ltd customer support service:

address: 59a Beskudnikovsky blvd, 127486, Moscow, RUSSIA.
MicroLAB Systems Ltd
phone/fax: +7-(095)-485-6332

information request: info@mlabsys.com
technical support:  support@mlabsys.com
product registration: register@mlabsys.com

WWW: http://mww.mlabsys.com
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Chapter 1. Introduction 1

Chapter 1. Introduction

This chapter contains general description T®WRNADO-6x DSP systems product line, which comprises of
TORNADO-62/67 and TORNADO-62MX/67MX DSP systems.

CAUTION

‘TORNADO-6x' DSP systems are designed to accommodate either 32-bit fixed-poir}
TMS320C6201 DSP or comapble 32-bit floating-point TMS320C67@SP from Texas
Instruments Inc. The particular DSPtalted specifies the final name 6ORNADO-6x

DSP system, that iFEORNADO-62 and TORNADO-67, or TORNADO-62MX and

TORNADO-67MX.

—

the performance value and absence/presence of on-chip floating-point unit, then therglis no
difference for the on-board architecture and programming between the correspondifg
TORNADO-6x DSP systems, i.6lORNADO-62 and TORNADO-67, or TORNADO-
62MX and TORNADO-67MX.

Since the only differences between TMS320C6201 and TMS320C6701 DSPs are imp{[%d to

CAUTION

The ‘TORNADO-6x' notation denotes that the supplied information is applicable to af
TORNADO-6x DSP systemsIORNADO-62/67 and TORNADO-62MX/67MX products).

Should information be a product specific, then the name of the corresponding prodiict
(TORNADO-62/67 or TORNADO-62MX/67MX) will be highlighted.

1.1 General Information

TORNADO-6x are ultra-high performance fixed- and floating-p@8P systems and efators for host ISA-

bus PC and industrial MicroPC (from Octagon Systems Inc) comple&RNADO-62/67 are designed to

plug into 16-bit ISA-bus slot of host PC, wherd@BRNADO-62MX/67MX are designed to plug into 8-bit/16-

bit ISA-bus slot of host PC or industrial MicroPC computer. FORNADO-6x DSP systems feature flexible
modular system architecture in order to meet requirements for multiple applications while keeping a cost to
minimum.

TORNADO-6x product line comprises ocfORNADO-62/67 and TORNADO-62MX/67MX DSP systems,
which feature compatible host ISA-bus interface and TMS32008R environment. The only differences
include extended memory capacity, enchanced PIOX/SIOX expansion facilities and enchanced emulatic
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facility for TORNADO-62/67 , whereasTORNADO-62/67 meets industrial MicroPC form-factor from
Octagon Systems Inc with 8-bit ISA-bus interface.

Parallel /O TORNADO-62 Serlal VO
Expansion [PIOX] DSP Syste Expansion [SI0X)
Daughter-Card Modula Mainboard Daughter-Card Modula

’ !

UECM
1TAG or MP5D Pod Universal Emulation Contral
= Daughter-Card Module

Fig.1-1a. TORNADO-62/67 DSP system board with SIOX and PIOX daughter card modules, UECM
universal emulation control daughter card module and external JTAG pod.

THMS320 DSF
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Fig.1-1b. TORNADO-62MX/67MX DSP system board with SIOX and PIOX-16 daughter card

modules and ECC emulation controller.

The following are some applications f6bORNADO-6x DSP systems:

real-time DSP and signal acquisition

high-speed multichannel fax/modem communication
multichannel vocoders and speech signal processing
audio and acoustics signal processing

multimedia

radars

digital radio

instrumentation and industrial

universal emulator for TI C2xx/C3x/C4x/C5x/C54x/C6x DBBRNADO-62/67 only with UECM
and external MPSD/JTAG pod)

TMS320C6x DSP evaluation and education

many more ...

TORNADOQO-6x utilize TMS320C6x 32-bit fixed- or floating- poiltSP (1600 MIPS TMS320C6201 or 1000

MFLOPS TMS320C6701) and feature up to 1Mx3PORNADO-62/67) and 512Kx32 TORNADO-
62MX/67MX) on-board synchronous burst static RAM (SBSRAM) for program and data, and up to 1Mx8
FLASH for boot code when the board is used in stand-alone apgiis.

TORNADOQO-6x have on-board shared bus (SB) architecture that shares access to SBSRAM, FLASH and PIO

shared resources between the on-board TMS320C6x DSP and host ISA-bus memory interface. Host ISA-k
memory interface can provide access to SBSRAM, FLASH and PIOX both in random and block data transfe
modes in parallel wittbSP opeation and almost without consuming tb8Ptime.
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TORNADO-6x feature optional facility for installation of serial I/O expansion (SIOX) daughter card modules
from a variety of AD/DA and digital 1/0O SIOX modules for real-time instrumentation, industrial astisp
telecommunication and audio signal processing applications.

TORNADO-6x feature optional facility for installation of parallel I/O expansion (PIOX or PIOX-16) daughter
card modules from a variety of AD/DA and digital I/O PIOX/PIOX-16 daughter cards modules for high-speed
real-time instrumentation, industrial andesph, telecommurétion and audio signal processing applications.
TORNADO-62/67 features universal PIOX/PIOX-16 site, wherd@3RNADO-62MX/67MX features PIOX-

16 site.

TORNADO-6x offer access to HPI (host port interface) of on-board TMS320C6x DSP from host ISA-bus 1/0
interface. Along with host ISA-bus memory interface this provides a second data path for communication
between host and DSP environment.

TORNADO-6x use scan-path emulation control for the on-board TMS32@3¥X in order to debug resident
TMS320C6x DSP software. Scan-path éation control of the on-board TMS320CBSEP is awilable either
via external Tl XDS510 or MicroLAB'MIRAGE-510D scan-path emulators, or by means of optional
emulation controller chifeCC) for TORNADO-62MX/67MX that plugs into dedicated on-board socket, or
by means of optionamulation control daughter card modyleECM) for TORNADO-62/67 that plugs into
dedicated on-board daughter card site. BB&C and UECM are low cost replacements for TI XDS510 and
MicroLAB’s MIRAGE-510D scan-path emulators and run under identical industry standaD$R>&6x
Code Composer IDE. FurthermordECM allows optional connection to externslPSD and JTAG pods
(which are the pods used with MicroLABRIIRAGE-510D scan-path emulator) in order to emulate any
external TI C2xx/C3x/C4x/C5x/C54x/C6x DSP using Tl HLL Debuggers and GoDSP Code Composer IDE.
This convertsTORNADO-62/67 into universal emulator for all TDSPs.

TORNADO-6x software development tools include Tl TMS320C6x DSP C compiler and Assembly language
tools.

TORNADO-6x are supported by a variety of industry standatga&rty DSP software tools, that include real-
time operating systems (RTOS), digital filter design toolBSP/vectofmath function libraries,
vocoder/fax/modem function libraries, and many more...

TORNADO-6x provide unique burn-in device serial codes, that are available for host software and might be
used for hardware copyright protection for software vendors and DSP system integrators.

1.2 Host PC Specifications

TORNADO-6x require that host ISA-bus IBM PC configuration should be at least 80386SX CPU and
provides at least one 16-bit ISA-bus slot.

In order to learn configuration requirements for host PC running TMS32DGEXxsoftware development and
debugging tools, refer to the corresponding documentation from Tl amS8dCorp as well as to MicroLAB’
“UECM/ECC User’s Guide".

1.3 Technical Specification
The following are the technical specifications TWRNADO-6x system.
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Parameter description

power supply voltage

power consumption (no ECC or UECM installed)

DSP performance

dimensions

operating temperature

1/0 expansion interfaces

host ISA-bus interface:

number of 8-bit I/O ports in host ISA-bus I/O interface

size of ISA-bus memory page in the UMB memory address area
for SB access via host ISA-bus memory interface

host ISA-bus data format requirement

host timeout control time for SB grant, SB ready and HPI ready

host IRQ lines

on-board SBSRAM and FLASH/EPROM:
SBSRAM capacity

FLASH/EPROM memory capacity

parameter value
+5V for TORNADO-6x board,

optional +5V/+12V for SIOX/PIOX daughter
card modules

+5V@4.1A (t=+20°C)

1600 MIPS (TORNADO-62/62MX)
1000 MFLOPS (TORNADO-67/67MX)

216x120 mm (TORNADO-62/67)
123x113 mm (TORNADO-62MX/67MX)

0..450°C

TORNADO-62/67: two sites (SIOX-0 and
SIOX-1) for two TORNADO/SIOX daughter-
card modules. One site for TORNADO/PIOX
daughter card module.

TORNADO-62MX/67MX: two SIOX-0 parallel
sites for one TORNADO/SIOX daughter-card
module. One site for TORNADO/PIOX-16
daughter card module.

32

32Kx8

TORNADO-62/67: 16-bit host ISA-bus

TORNADO-62MX/67MX: 8-hit/16-bit host
ISA-bus

6 us

TORNADO-62/67: IRQ 3, 4,5, 6, 7, 10, 11,
12,15

TORNADO-62MX/67MX: IRQ 3, 4,5, 6,7

32K..1Mx32 1ws (TORNADO-62/67)
32K..512Kx32 1ws (TORNADO-62MX/67MX)

128K..1Mx8 (Ta=100ns) with write-protection
feature
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watchdog timer:

latency period

external clock generators for McBSP-0/1 serial ports of DSP:

maximum frequency for extrenal clocks for McBSP-0/1
TMS320C6x DSP serial ports

0.8 sec

100 MHz (TORNADO-62/62MX)
80MHz (TORNADO-67/67MX)
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Chapter 2. System Architecture and
Construction

This chapter contains description IBORNADO-6x system architecture, construction, host ISA-bus interface,
and SIOX/PIOX I/O expansion sites.

2.1 TORNADO-6x System Architecture

TORNADO-6x DSP systenmainboard installs into 16-bit or 8-biTQRNADO-62MX/67MX only) ISA-bus
slot of host PC or MicroPCTORNADO-62MX/67MX only).

TORNADO-62/67 and TORNADO-62MX/67MX system architectures are presented at fig.2-1.

Parallel I/0 Expansion Serial II0
Interface (P1OX)

Site Header

JTAG-OUT

JTAG-IN R )
Expansion Interface (SIOX)
Connector Connector Site Header #A
h ] ’SL]‘
—
Serial 110 I

s Expansion Interface (SIOX)
Site Header #B

i h i
I Y 10X
I id Controller

" ISA Bus IiO Interface

External
POWER

0000

YVYVYVYY

Emulator I/F

UECM
Site Header

DSP HPI
Interface

ISA Memory
Interface

O @)
|_| PC/AT ISA-Bus

Fig.2-1a. Architecture of TORNADO-62/67 mainboard.

External
RESET
o1

Manual
RESET
Switch
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Fig.2-1b. Architecture of TORNADO-62MX/67MX mainboard.

Main components of ORNADO-6x mainboard comprise of:

*  32-hit fixed-point TMS320C620T QRNADO-62/62MX) DSP or 32-bit floating-point
TMS320C6701TORNADO-67/67MX) DSP

* on-board SBSRANbr program and data

* on-board FLASHor source boot code during stand-alone apen

» DSP reset controller (RC) with watchdog timer (WDT), and DSP Reset Source Selector (RSS)

* 1/O expansion flag controller (I0X)

» serial /O expansion interface (SIOX) sites

» 32/16-bit parallel I/O expansion interface (PIOX) site or 16-bit parallel I/O expansion interface
(PIOX-16) site

* host ISA-bus memory and I/O interfaces

« emulation controller chip (ECC) foFORNADO-62MX/67MX or site for universal emulation
control daughter-card module (UECM) fGIORNADO-62/67.

The on-board TMS320C6x DSP, SBSRAM, FLASH, PIOX and host ISA-bus memory interface are linked
together by means of the on-boa®thared Bus (SB)SB shares SBSRAM, FLASH, and PIOX resources
between two ‘bus masters’, that can execute SB access cycles: the on-board TMS320C6x DSP and host ISA-
bus memory interface. On-board SB arbitration assumes that TMS32D&®xus master has highest SB
access priority whereas ISA-bus memory interface is designed to access SB in-paral@S®iinternal
operation, without anfpSP and host software overhead airdost without consuming tHeSPtime.

Constructions foTORNADO-62/67 and TORNADO-62MX/67MX mainboards are presented at fig.2-2.
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Wiz JP Jrs
Manuad PO P18 UF | | JTAGOUT
“RESET" San Cannsctar

JP4 JPE P JPT
JTAG-IN SI0K-& IF Extemal CLEE Extermal CLHE
Cormecior | | Site Header for BcllSP-0 for McBSF-1

o

Configuraior

I I. = _“-ﬂ“.’:r\-‘-

DEF TMER-1
10 Mot

JB
DEF RESET TMSAZ0DCE20 D%F TMER-D
Source Salecior == 115 M=l

Fig.2-2a. Construction of TORNADO-62/67 mainboard.
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Fig.2-2b. Construction of TORNADO-62MX/67MX mainboard.

TMS320C6x DSP

The on-board TMS320C6x DSP might be either 32-bit fixed-point 1600MIPS@200MHz TMS320C6201 DSP
or compatible 32-bit floating-point 1000MEIPS@166MHz TMS320C6701 DSP with VelociTl very-long
instruction word (VLIW) on-chip architecture.

Synchronous Burst Static RAM (SBSRAM)

TORNADO-6x provides on-board synchronous burst static RAM (SBSRAM) for TMS32@S program
and data memory areas. SBSRAM is mapped to CE-0 a2aRifEMIF.

TORNADO-62/67 features up to 1Mx32 1ws on-board SBSRAM installed in two memory banks, whereas
TORNADO-62MX/67MX features up to 512Kx32 1ws of on-board SBSRAM in one memory bank.

FLASH Memory for Stand-alone Op eration of TO RNADO-62/67

TORNADO-6x provides up to 1Mx8 on-board FLASH memory bank for booting the program/data startup
code during stand-alone operation. FLASH memory bank can accommodate both FLASH and EPROM
memory chip, is allocated to CE-1 aredD&@P’ EMIF and features write protection ifég for data safety.
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Shared Bus (SB)

TORNADO-6x on-board SB delivers access to the on-board SBSRAM, FLASH and PIOX shared resources fc
both on-board TMS320C6x DSP and host ISA-bus memory interface. The SB address space comprises
SBSRAM memory area, FLASH memory area and 1/O area, which is mapped into PIOX expansion interface
SB supports 8/16/32-bit data cycles. It is important to note, that all bostses to the on-board SBSRAM,
FLASH and PIOX resources are performed concurrently with the DSP running and without any DSP and ho
software overhead.

Host ISA-bus Interface

TORNADO-6x host ISA-bus interface was designed for DSP/system control and high-sgeettashsfer
between host ISA-bus and on-board SBSRAM, FLASH, PIOX and HPI port of on-board TMS320C6x DSP.
TORNADO-6x host ISA-bus interface includes:
* ISA-bus memory interfacehich performs access to SBSRAM, FLASH and PIOX
* ISA-bus I/O interfacewhich providesTORNADO-6x system control and access to TMS320C6x on-
chip HPI (host port interface).

Host ISA-bus memory interface is designed to access SB SBSRAM/FLASH/PIOX resources vissB2iexB
memory pageg(SMP) that is mapped into ISA-bus UMB memory address space. Once ISA-bus executes
memory cycle within address range $¥P, then the on-board ORNADO-6x ISA-bus memory interface
generates request to SB. Particular allocationSbfP onto SB address space is defined 8 PAGE
MAPPER register from ISA-bus 1/O interface. Host can access the SB data using 8/16/32-bit data cycles. Ho:
ISA-bus memory interface has lowest SB access priority.

Base ISA-bus memory address for host ISA-bus memory is setup by host software and ISA-bus memo
interface can be switched off in caB®@RNADO-6x board is not used.

ISA-bus base 1/0 address for ISA-bus 1/O interface is configured by the on-board SW1 DIP-switch into one ¢
eight predefined I/O address areas.

TMS320C6x HPI (host port interface)

TORNADO-6x host ISA-bus 1/O interface also delivers access to TMS320C6x on-chip HPI, which comes as ¢
second data path for communication between host PC and oni®Brdlong with on-board SBSRAM. HPI
offers access from host PC to all TMS320C6x memory areas [&fhon-chip and off-chip resources) and
allows generation of mutual interrupts betwe®BP and host ISA-bus. However, unlike host-to-
SBSRAM/FLASH/PIOX access, HPI does not support randooess to DSP memory areas from host PC
using standard ISA-bus memory cycle, and assumes that HPlI memory address should be pre-latched into |
address register prior HPI datacass will be performed. However, the HPI address auto post-incrementing
feature is available and simplifies data array upload/download. HPI is available only while TMSI?BIE 6x
executing the program (not in the reset state).

I/O Expansion Flag Controller (10X)

TORNADO-6x has on-board 1/0 expansion flag controller (I0X) that provides some extra 1/O ports used by
the on-board TMS320C6x DSP environment. These I/O ports include DSP-to-Host interrupt request outpl
(MH_RQ) and SB lock by DSP outpuMlock). The IOX area can be accessed only by TMS320C6x DSP, and
is not available during host ISA-bus memory interface &®ss cycles.
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Serial I/O Expansion Interf ace (SIOX) sites

TORNADO-6x on-board SIOX interface sites are used for installation of AD/DA/DIO daughter card modules
and comprises of signals for TMS320C6x DSP on-chip McBSRI garrts, timers and interrupt control.

SIOX compatible daughter card modules include a variety eécdgfax/modem AD/DA, telecom interfaces,
audio AD/DA, DAT interface, multichannel instrumentation AD/DA/DIO modules, and many more.

Parallel I/O Expansion Interf ace (PIOX and PIOX-16) site

TORNADO-6x feature PIOX TORNADO-62/67 only) or PIOX-16 TORNADO-62MX/67MX only)

interface site for installation of high-speed AD/DA/DIO daughter card modli@RNADO-6x PIOX/PIOX-

16 interface is allocated into TMS320C6x CE-3 memory area and is one of shared SB resources, i.e. can be
accessed both by on-board DSP and host ISA-bus memory interface.

PIOX and PIOX-16 interfaces comprise of SB address/data/strobe signals and TMSI2BE6on-chip

timers and interrupt control. The only difference between PIOX and PIOX-16 interfaces is that PIOX has 32-
bit data and 20-bit address buses, whereas PIOX-16 features 16-bit data and address buses. PIOX site is
designed to accommodate both 32-bit PIOX daughter-card modules, whereas PIOX-16 can accommodate only
16-bit PIOX-16 daughter-card modules.

PIOX/PIOX-16 compatible daughter card modules include a variety of multichannel instrumentation
AD/DA/DIO modules and many more. Moreover, PIOX daughter-card modules include DSP coprocessors for
extending DSP performance 6BORNADO DSP systems.

Stand-alone Op eration

TORNADO-62/67 provide optional host-free stand-alone operation for embedded applications. This allows
easy migration from target system software debugging using host PC to real system prototyping in embedded
DSP appliation.

During stand-alone operation the external power may apply either from on-board dedicated external power
connector or from ISA-bus, and source program/data cdatmttoaded either from on-board FLASH/EPROM
memory or HPI port of TMS320C6x DSP after DSP reset is released. The paftimoianode is defined by

the on-board DSBoot Mode jumpers. The on-board FLASH memory can be progred via host ISA-bus
memory interface whil§ORNADO-62/67 is installed into host PC. The HPI port icassible via host ISA-

bus I/O interface.

DSP Reset Controller (RC)

The DSP reset signal ihORNADO-6x is generated by DSP reset controller (RC), which comprises of DSP
reset source selector, power supervisory circuit and watchdog timer (WDT).

If TORNADO-6x is used for PC plug-in applications, then RC connects TMS320G8Xreset input to DSP
reset output signal from host ISA-bus interface.

If TORNADO-6x is used in stand-alone operation, then the TMS32008R reset signal can be applied
either from external reset switch or from on-board power supervisory circuit. Optional on-board WDT is
supplied for safe stand-alone system operation and provides autB8Rtieset once the DSP software hangs-
on or idles for more than 0.8 sec period.
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Debugging Resident TMS 320C6x DSP Software

Resident TMS320C6x DSP software fBORNADO-6x can be debugged using TI XDS510 and MicroLAB’
MIRAGE-510D scan-path emulators. However, in order to minimize cost of debugging tools, the emulation
controller chip ECC) and emulation control daughter card modul#=CM) options are availableECC is
designed to plug into the dedicated on-board sock€ORRNADO-62MX/67MX, whereadJECM is designed

to plug into the dedicated site GFFORNADO-62/67. Both ECC and UECM are low cost replacement for
XDS510 andMIRAGE-510D emulators and run under the industry standar®$Fb TMS320C6x Code
Composer IDE.

Debugging External TI TMS 320 DSP Software with TORNADO-62/67 and UECM

TORNADO-62/67 easily converts into universal scan-path emulator for any external
TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP. This requires HECM daughter-card module installed onto
TORNADO-62/67 mainboard and optional externdlPSD (C3x) or JTAG (C2xx/C4x/C5x/C54x/C6x) pod
attached taUECM. The MPSD and JTAG pods are those used with MicroLMBRAGE-510D emulator.

The UECM runs under the industry standard Tl HLL Debuggers and GoDSP Code Composer IDE.

2.2 Shared Bus

The TORNADO-6x on-board shared bus (SB) architecture provides SBSRAM/PROGRAM, SBSRAM/DATA
and 1/O areas and supports 16-bit data cycles. SB comprises SBSRAM and PIOX-16 shared resources an
shared between the on-board TMS320C6x DSP and host ISA-bus memory interface.

SB Address Space

The SB address space is actually the address spat¢®fRNADO-6x on-board TMS320C6x DSP with CE-
0/1/3 memory areas. Table 2-1 specifies valid SB address areas.
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Table 2-1. SB address areas and data ready wait times.

SB address areas

size

address range and

(in bytes) wait time for SB_READY signal (SB data ready) after SB is granted
for on-board TMS320C6x DSP for host ISA-bus memory interface
SBSRAM 4M 0000000H..003FFFFFH 00000000..003FFFFFH
(TORNADO-62/67) 1ws @SBSRAM
(CE-0 memory area) lws
2M
(TORNADO-
62MX/67MX)
FLASH/EPROM 4M 01000000H..013FFFFFH 00000000..003FFFFF
(allocated on 32-bit 26ws @FLASH
words boundaries) (CE-1 memory area)
(the timing and 8-bit ROM mode should
be programmed via EMIF CE-1 Space
Control Register of TMS320C6x DSP)
PIOX I/O area 2M/PIOX 03200000H..033FFFFFH 00000000..001FFFFF

(allocated as 32-bit
words for TORNADO-
62/67)

128K/PIOX-16
(allocated as 16-bit
words on 32-bit
boundaries for
TORNADO-
62MX/67MX)

(16ws + PIOX_RDY)
(CE-3 memory area)

03200000H..0321FFFFH
(16ws + PIOX_RDY)
(CE-3 memory area)

(the timing and 32-bit
ASYNCHRONOUS ROM mode should
be programmed via EMIF CE-3 Space
Control Register of TMS320C6x DSP)

@I0
(PIOX_RDY ,but not longer than 6uS
timeout)

00000000..0003FFFF
@10
(PIOX_RDY ,but not longer than 6uS
timeout)

The SB address space when accessed via host ISA-bus memory interface appears as a series of dual-access
32KB shared memory pagesSMP) that are mapped onto the predefined ISA-bus UMB (upper memory
blocks) memory window by means 68 PAGE MAPPER register in host ISA-bus I/O interface. The SB can

be accessed by host ISA-bus memory interface by means of random accesses to software variables or data
arrays that are allocated withBMP, or by means of block data transfers between PC main memoigAdRd

using either host i80x286 CPU MOVSB/MOVSW/etc instructions or host DMA controller.

SB Data Ready S ignal

SB has internabB_READY signal that is generated by passive addressed device (SBSRAM/FLASH/PIOX) in
order to acknowledge that SB data are valid after SB is granted to the SB requestor. Wheoc&&sés! doy

the on-board TMS320C6x DSP master, tis# READY signal is internally connected to tREADY pin of
TMS320C6x DSP, whereas focaesses from host ISA-bus memory interface 82 READY signal is
automatically processed by the S&ess controller of ISA-bus memory interface.
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SB Data Cycle Formats

SB supports 32/16/8-bit data cycles, which can be generated by both TMS3R@P6and host ISA-bus
memory interface masters.

Although host ISA-bus is actually the 16-bit data bus, host ISA-bus memory interfat@RINADO-6x
supports 32-bit SB @ess cycles. Once host ISA-bus cycle is addressing the SB area, then LSB/LSW ol
MSB/MSW are temporary stored in on-board register transceivers depending upon the memory read
memory write cycle is being performed correspondingly (see section 2.4).

SB Arbitration

When SB is requested by any of the SB masters (TMS320C6x DSP or host ISA-bus memory interface), the
some time is required to resolve the arbitration. This normally takes about 2..6 TMSI2BE @lock cycles.

In case TMS320C6x DSP is requesting SB while SB is occupied by host ISA-bus memory interface, then tr
DSP should it until host ISA-bus memory interface will release SB. After SB is grantB& R it is holded

by DSP in order to access the SB resources at maximum speed without delays fatioarbetween
succeeding SB cycles.

In case host ISA-bus memory interface is requesting SB while SB is occupied by TMS320C6x DSP, then ho
ISA-bus memory interface has to wait udbP wil complete current SBazess cycle and release SB.

When SB is requested by both DSP and host ISA-bus memory interface, then DSP has the highest SB acc
priority.

SB Locking

The SB arbiter suppor8B lockingby both SB masters in order to lock access to SB for processing of software
semaphores or shared PIOX/PIOX-16 resources.

The SB locking by the on-board TMS320C6x DSP bus master is performed when D@Fvsktflag in 1/0
expansion flag area (10X).

CAUTION

Time interval between setting and resettibock flag by the on-board TMS320C6x DSH
should not exceed |sec.

The SB locking by host ISA-bus memory interface master is performed by means of sett¥fg] GleOCK
or theSB_LOCK hits in CONTROL REGISTER of host ISA-bus /O interface.

CAUTION

Continuous SB locking by host ISA-bus memory interface by means of setting the
SB GLOCK andSB_LOCK bits can result in continuous halting of the on-board
TMS320C6x DSP bus master and may leatiite distortions of real-time data processin
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2.3 TMS320C6x DSP Environment

The TORNADO-6x DSP systemstilize state of art TMS320C6x ultra-high performance inter-compatible 32-
bit fixed- and floating poinDSP from TI:

+ 1600 MIPS fixed-point TMS320C6201 DSP TORNADO-62/62MX DSP systems

* 1000 MFLOPS flating-point TMS320C670DSP in TORNADO-67/67MX DSP systems.

TMS320C6x DSP Address Space

TORNADO-6x on-board TMS320C6x DSP supports three external memory address areas: SBSRAM (EMIF
CE-0 area), FLASH/EPROM (EMIF CE-1 area) and IOX/PIOX (EMIF CE-3 area). The EMIF CE-2 area is
reserved. Address areas for on-board TMS320C6x DSP and the corresponding EMIF redfisigssase
presented in table 2-2.

Table 2-2. Address areas for TMS320C6x DSP in TORNADO-6x DSP systems.

Address area of DSP address value at access EMIF memory wait states | fields of EMIF-
TMS320C6x DSP range DSP mode CE type for CE Space
(in bytes) RESET space EMIF CE Control
space Register
SBSRAM 00000000H - riw CE-0 SBSRAM 1ws -
1/2 DSP CLK ..003FFFFFH (EMIF-GCR =
(TORNADO-62/67) 0x3078)
00000000H
..001FFFFFH
(TORNADO-
62MX/67MX)
FLASH/EPROM 01000000H - riw CE-1 | 8-bit ROM 35ws EMIF-CE1:
..013FFFFFH (with write (0x8638d823)
disable)
WR_SETUP=8
WR_STB=24
WR_HLD=3
RD_SETUP=8
RD_STB=24
RD_HLD=3
reserved 02000000H - - CE-2 32-hit max EMIF-CE2 =
..02FFFFFFH ASYNC Oxffffff23
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10X area: 03000000H - w CE-3 32-hit 29ws EMIF-CE3:

MH_RQ register (write data ASYNC (0x6536d423)

(DSP-to-Host request is ignored)

flag) WR_SETUP=6
WR_STB=20
WR_HLD=3
RD_SETUP=6
RD_STB=20

RD_HLD=3

10X area: 03000004H 0 riw 29ws

Mlock register (no SB (only bit DO

(SB lock by DSP flag) Lock) is valid)

10X area: 03000008H 0 riw 29ws

XRESET register (software | (only bit DO

(software reset signal reset is is valid)

for SIOX/PIOX expan- OFF)

sion interface sites)

IOX area: 03100000H - w 29ws

WDT_CLR register (write data

(clear watch-dog timer) is ignored)

10X area: 03100004H 0 riw 29ws

WDT_EN register (WDT is | (only bit DO

(WDT enable for stand- disabled) is valid)

alone operation)

PIOX I/F 03200000H - riw (29ws +

(TORNADO-62/67 ..033FFFFFH PIOX_RDY)

only)

PIOX-16 IIF 03200000H - riw (29ws +

(TORNADO- ..0321FFFFH PIOX_RDY)

62MX/67MX only)

Notes: 1. 10X area denotes I/O Expansion Flag controller.

2. Other DSP memory and I/O areas are reserved. Do not use these areas.
3. Register access modes: r - read only, w - write only, r/w - read/write.

CAUTION
SB address space fAIORNADO-6x is the address space for 8-bit BYTE data words.

The 16-bit SB data words are allocated on the x2 odd address boundaries.

The 32-bit SB data words are allocated on x4 address boundaries.
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SBSRAM Area

TORNADO-6x on-board SBSRAM operates at 1/2x of the DSP clock and might be used as external DSP
program/data memory area and Bf8P-to-PC communation via host ISA-bus memory interface.

SBSRAM capacity differs for differelfORNADO-6x DSP systems as the following:
* one or two banks (in accordance with the purchasing specifications) of up to 512Kx32 SBSRAM
each, totally up to 1Mx32 SBSRAM fatORNADO-62/67
e one bank of up to 512Kx32 SBSRAM fGBIORNADO-62MX/67MX.

SBSRAM is allocated at EMIF CE-0 space of TMS3200&P, and, therefore the MTYPE field of EMIF CE-

0 Space Control Register should be set to 100B value, and the SSCRT bit of EMIF Global Control Register
should be set to O value in order to support 1/2x DSP clock SBSRAM memory type. This is either done
automatically by setting appropriate BOOT configuration (recommenddmbatthode configurations BM#3

and BM#11) or should be done by user software when using other recommerimtexind@de configuration

BM#6.

FLASH/EPROM Area

On-board FLASH/EPROM ofTORNADO-6x is included for optional easy migration from PC plug-in
application to stand-alone applicationsST@®RNADO-6x.

FLASH/EPROM bank assumes installation of 5v only 128K..1Mx8 FLASH or EPROM chip in the PLCC-32
package into the dedicated S1 on-board PLCC-32 socket (see fig.2-2).

CAUTION
TORNADO-6x mainboards are designed to carry the FLASH 5v-only 128K..1Mx8 chipf or
EPROM 128K..1Mx8 chips in the PLCC-32 IC package.

Installation of other FLASH/EPROM chips than that specified in table 2-3 may result|in
damage of FLASH/EPROM chip and/or BORNADO-6x hardware.

Once FLASH chip is installed, then it can be programme®®F software and via host ISA-bus memory
interface. the EPROM chip, however, can be programmed in the external programmer only, and can be used
for read-only program bootload purposeS@RNADO-6x.

The on-board J2 jumper set (jumpers J2-1..J2-6) are used to select the particular FLASH/EPROM chip type
and to set the write protect features for the FLASH chips.



Chapter 2. System Architecture and Construction 19

Table 2-3. FLASH/EPROM chip type selector.

FLASH/EPROM chip jumper configuration

in PLCC-32
IC package

J2-1 J2-2 J2-3 J2-4 J2-5 J2-6

Am29F010 OFF ON OFF ON OFF OFF
128Kx8 FLASH

Am29F040
512Kx8 FLASH

with
WRITE ENABLE

Am29F010 OFF ON OFF OFF ON OFF
128Kx8 FLASH

Am29F040
512Kx8 FLASH

with
WRITE DISABLE

27C010 OFF OFF ON OFF ON OFF
128Kx8 EPROM

27C020
256Kx8 EPROM

27C040 OFF OFF ON OFF OFF ON
512Kx8 EPROM

27C080 ON OFF OFF OFF OFF ON
IMx8 EPROM

Notes:. 1. The highlighted configuration corresponds to the factory setting.
2. The recommended access time for the FLASH/EPROM chip is
100ns or less.

FLASH/EPROM is allocated into EMIF CE-1 space of TMS3200&#P, and, therefore the MTYPE field of
EMIF CE-1 Space Control Register should be set to 000B value in order to support 8-bit ROM memory typ
(other fields of EMIF CE-1 Space Control Register should be set in accordance with table 2-2). This is eithe
done automatically by setting appropriate 8-bit ROM BOOT configuration with 1/2x CPU clock SBSRAM (J3
bootmode configuration BM#11) or should be done by user software when usinbamheonfiguations.



20 TORNADO-6x. User's Guide.

CAUTION

TMS320C6x DSRullocates 8-bit FLASH/EPROM data words on 32-bit data word
boundaries.

FLASH memory bank provides FLASH memory write protection by means of J2-2 and J2-3 jumpers in order to
exclude unauthorized FLASH memory data update.

CAUTION

If J2-2 jumper is removed and J2-3 jumper is installed while the FLASH memory chip
installed, then the FLASH memory can be programmed eithBSBysoftware or via host
ISA-bus memory interface.

)

If J2-3 jumper is installed and J2-2 jumper is removed while the FLASH memory chip
installed, then writing to FLASH memory is disabled.

)

If FLASH memory chip is bundled together wittORNADO-6x DSP system or is purchased from MicroLAB
Systems, thelTORNADO-6x supplied software utilities allow programming of the on-board FLASH memory
via TORNADO-6x host ISA-bus memory interface.

CAUTION

If the FLASH chip type is other than that bundled as standardM¥RNADO-6x DSP
system, then the FLASH might be not programmed with software utilitieBA&NADO-
6X.

IOX Area

TMS320C6x DSP environment GIORNADO-6x features special I/O expansion (I0X) flags area. 10X area is
used for DSP environment control and includes several I/O registers. 10X area can be accessed only by
TMS320C6x DSP and is not visible from host ISA-bus memory interfactil®eabout 10X flags are
described in table 2-2 and below in this section.

IOX area includes:
*  MH_RQ (DSP master-to-Host request) gatan (write-only) register
*  MLock (SB lock by DSP) flag register
»  XRESET (software reset signal for SIOX/PIOX expansion interface sites) flag register
« WDT_EN (enable WDT feature) register
» WDT_CLR (clear watchdog timer) generation (write-only) register.
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IOX area is allocated into EMIF CE-3 space of TMS3200&P, and, therefore the MTYPE field of EMIF
CE-1 Space Control Register should be set to 010B value in order to support 32-bit asynchronous memory ty
(other fields of EMIF CE-3 Space Control Register should be set in accordance with table 2-2).

PIOX Area of TORNADO-62/67

TORNADO-62/67 provide 32-bit parallel 1/0 expansion interface (PIOX) site for compatible AD/DA/DIO
daughter card modules. PIOX area can be accessed both by the on-board TMS320C6x DSP and host ISA-
memory interface.

PIOX occupies 512Kx32 address space and is allocated into EMIF CE-3 space of TMSBER_&herefore

the MTYPE field of EMIF CE-3 Space Control Register should be set to 010B value in order to support 32-bi
asynchronous memory type (other fields of EMIF CE-3 Space Control Register should be set in accordan
with table 2-2).

PIOX-16 Area of TORNADO-62MX/67MX

TORNADO-62MX/67MX provide 16-bit parallel 1/O expansion interface (PIOX-16) site for compatible
AD/DA/DIO daughter card modules. PIOX-16 area can deessed both by the on-board TMS320C6x DSP
and host ISA-bus memory interface.

PIOX-16 occupies 64Kx16 address space and is allocated into EMIF CE-3 space of TMSEXRR.6x
Therefore the MTYPE field of EMIF CE-3 Space Control Register should be set to 010B value in order tc
support 32-bit asynchronous memory type (other fields of EMIF CE-3 Space Control Register should be set
accordance with table 2-2).

TMS320C6x DSP Reset Source Selector (RSS)

TORNADO-6x provides on-board J6 jumper (see fig.2-2 and fig.A-1) for TMS320C6x DSP reset source signal
selector (RSS), which allows selection betw8&sP reset output from host ISA-bus 1/O interface during PC
plug-in applications and output DISP reset controller (RC) during stand-alone apen.

CAUTION

If J6 jumper is set to 1-2 position (see fig.2-2 or fig.A-1), therDX8P reset signal is
connected to DSP reset controller (RC) T@WRNADO-6x stand-alone operatian

If J6 jumper is set to 2-3 position (see fig.2-2 or fig.A-1), therDX8P reset signal is
connected to host ISA-bus I/O interface TWRNADO-6x PC plug-in applications

TMS320C6x DSP Reset Contr oller (RC)

TORNADO-6x feature TMS320C6x DSP reset controller (RC), which generates TMS320C6x DSP reset pulst
in case of the following conditions fAFTORNADO-6x stand-alone operation (jumper J6 is set to 1-2 position):

» external power is applied tBORNADO-6x in stand-alone operation

* manual DSP reset switch SW2 is pressed (see fig.2-2 and fig.A-1)



22 TORNADO-6x. User's Guide.

» external DSP reset signal is active from the JP10 connector (see fig.2-2 and fig.A-1)
 WDT output is active (if WDT feature is enabled).

Watchdog Ti mer (WDT)

TORNADO-6x feature watchdog timer (WDT), which generates the TMS32Q0$R reset (restart) pulse if
WDT is not cleared by DSP software within every 0.8 sec. This feature is us@iRNADO-6x stand-alone
operation offORNADO-6x for increasing software and system operation reliability.

The WDT timer should be periodically reset by ih®P software by means of iting to the WDT_CLR 10X
port of the DSP environment (refer to table 2-2tdwritten toWDT_CLR 10X port is ignored.

The WDT feature is valid in thBSP stand-alone mode only and is enabled byMi¥_EN 10X flag (see
table 2-2) in case the J6 DSP reset source selector is set toiBdéhos. theDSP reset input is connected to
the output of DSP reset controller).

WDT_EN flag can be set by TMS320C6x DSP software by meansithgto the WDT_EN 1/O port in the
IOX area. Note, that when writing or reading to/froDT_EN 10X register, only bit DO is valid.

WDT_EN IOX Register (r/w)

X X X X X X X X WDT_EN

bit-31...bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
When WDT_EN flag is set to logical ‘O’ (this value is set as default on TMS320C6x DSP reset), then te WDT
feature is disabled, and WDT output is ignored by the DSP reset controller.

When WDT_EN flag is set to logical ‘1’, then the WDT feature is enabled and the WDT output will generate
the DSP reset signal in accordance with the descrimmebgrocedure.

TMS32C6x DSP Bootmode Conf igurations

The TMS320C6x DSBootmode configuration is defined by the jumper set J3-1..J3-5 (see fig.2-2 or fig.A-1).
Recommended bootmode configurations are presented in table 2-4. Notbsiubtmode
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Table 2-4. TMS320C6x DSP Bootmode Configurations.

Bootmode Description jumper jumper jumper jumper
ID J3-4 J3-3 J3-2 J3-1
BM#3 Corresponds to C6x DSP bootmode #3 ON ON OFF OFF

MAP-0 memory map (SBSRAM at
address=0h) with automatic setting of
EMIF CE-0 area configuration for
SBSRAM after reset is released

no boot process

BM#6 Corresponds to C6x DSP bootmode #6 ON OFF OFF ON

MAP-0 memory map (SBSRAM at
address=0h); requires optional setting of
EMIF CE-0 area configuration for
SBSRAM via HPI

boot from HPI

BM#11 Corresponds to C6x DSP bootmode #11 OFF ON OFF OFF

MAP-0 memory map (SBSRAM at
address=0h) with automatic setting of
EMIF CE-0 area configuration for
SBSRAM after reset is released

boot from 8-bit FLASH

Note: 1. 'ON’ corresponds to installed jumper; ‘OFF’ corresponds to removed jumper.
. Not shown bootmode configurations are reserved and are not recommended for usage.
3. Highlighted configuration corresponds to the factory setting.

N

Setting EMIF Control Registers of TMS 320C6x DSP

In order to provide correct operation BORNADO-6x on-board hardware, be sure to setup TMS320C6x on-
chip EMIF Control Registers (EMIF_GCR, EMIF_CEO_SCR, EMIF_CE1_SCR, EMIF_CE3_SCR) in
your TMS320C6x DSP software aption as the following:

» the EMIF Global Control Register (EMIF_GCR) register of TMS320C6x DSP should be
programmed to 0x3078 hex value. This corresponds to the following settings:
 SSCLK is enabled at %21/2x CPU clock rate
¢ CLKOUT1 and CLKOUT?2 are enabled
» external HOLD enabled
» the EMIF CEO Space Control Register (EMIF_CEO_SCR) register of TMS320C6x DSP should
be programmed to 0x40 hex value in order to configure the EMIF CE-0 space for SBSRAM
operation.
» the EMIF CE1 Space Control Register (EMIF_CE1_SCR) register of TMS320C6x DSP should
be programmed to 0x8638d82 hex value in order to interface to 8-bit FLASH memory. This
corresponds to the following settings:



24 TORNADO-6x. User's Guide.

»  32-bit asynchronous mode is selected

» read/write setup is set to 8 DSP cycles (40ns)

» read/write strobe length is set to 24 DSP cycles (120ns)
* read/write hold is set to 3 DSP cycles (15ns)

» the EMIF CE2 Space Control Register (EMIF_CEZ2_SCR) register of TMS320C6x DSP should
be left unprogrammed with the reset default value. This EMIF area is not used.

» the EMIF CE3 Space Control Register (EMIF_CE1_SCR) register of TMS320C6x DSP should
be programmed to 0x6536d423 hex value in order to interface to external 32-bit IOX and PIOX
hardware. This corresponds to the following settings, which are preconditioned to meet the worst
timing requirements when addressing WBT_CLR 10X flag register with 100ns minimum write
strobe width:

e 32-bit asynchronous mode is selected

» read/write setup is set to 6 DSP cycles (30ns)

» read/write strobe length is set to 20 DSP cycles (100ns)
* read/write hold is set to 3 DSP cycles (15ns)

CAUTION

Once the WDT feature aFORNADO-6x is disabeled or not used, then the minimum widgh
of read/write strobe dEMIF CE3 Space Control Register might be programmed to 10
cycles or less, depending upon the requirements of installed PIOX/PIOX-16 daughterftard
hardware.

TMS320C6x HPI (host port interface)

TORNADO-6x offers access from host ISA-bus I/O interface to TMS320C6x on-chip 32-bit HPI (host port
interface). All HPI features are supported, including mutual interrupt generation between host ISA-bus 1/O
interface and TMS320C6x DSP. Fotalts about TMS320C6x HPI refer to original TI documentation and see
the corresponding ISA-bus I/O Interface section later in this chapter.

SB Locking by the on-board TMS 320C6x DSP Master

SB locking technique is used for processing of software shared semaphores that can be allocated in on-board
SBSRAM or PIOX shared resources.

SB locking/unlocking by the on-board TMS320C6x DSP master is performed by medMioack 10X flag
(see table 2-2)MLock flag can be set by TMS320C6x DSP software by meansithguto the MLock 1/O
port in the IOX area. Note, that when writing or reading to/ffdtrock |OX register, only bit DO is valid.
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MLock 10X Register (r/w)
X X X X X X X X MLock
bit-31...bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

When MLock flag is set to logical ‘0’ (this value is set as default on TMS320C6x DSP reset), then there is nc
active SB locking from on-board TMS320C6x DSP, and both TMS320C6x DSP and host ISA-bus memor
interface can access shared SB resources.

WhenMLock flag is set to logical ‘1’, then there is active SB locking from on-board TMS320C6x DSP and SB
access from host ISA-bus memory interface will be pending until SB will be unlocked by TMS320C6x DSP
(MLock flag will be set to logical ‘0’).

The SB lock-to-unlock time interval is not limited BYYRNADO-6x hardware, however long duration of SB
locking by DSP may caudineout &cess faults for SB accesses by host ISA-bus memory interface.

The following is an example of C-code for TMS320C6x DSP that demonstrates processing of shared softwa
semaphore using SB locking technique:

unsigned * MLock = *(ungigned *) 0x03000004; [* declare MLock 1/O port */
int Sem; /* declare software shared semaphore Sem */
while (1)
{
*Mlock=1; /* lock SB */
if (Sem==0) break; /* verify for semaphore is free (Sem=0)*/
*Mlock =0; /* if Sem is busy, then unlock SB and repeat */
}
Sem=1; /* semaphore is free, set it to Sem=1 */
*Mlock =0; /* and unlock SB */

/* perform some critical data processing */

*Mlock =1, /* reset semaphore using SB locking */
Sem=0;
*Mlock =0; /* unlock SB */

Note that TORNADO-6x provides hardware timeout control for SB granting wait time for host ISA-bus
memory access. This hardware timeout interval is setupuse® In case timeout will occur due to SB locking

by DSP, theSB_ERROR flag in FLAG STATUS REGISTER of host ISA-bus I/O interface will be set to the
SB _ERROR-=1 state. This will result in cancellation of all further SB requests from host ISA-bus memory
interface until theSB_ERROR flag will be reset to th&B_ERROR=0 state by host PC software.
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CAUTION

Time interval between SB locking and unlocking by the on-board TMS32DS€xshould
not exceed fisec to avoid timeout on host-to-Secass.

Generating DSP-to-Host Requests

TORNADO-6x supports attention request (interrupt request) from the on-board TMS32EBE6t0 host IBM
PC CPU in order to synchronize between program execution in host and on-board DSP environments. Two
methods for generation BYSP-to-host requests are supported @RNADO-6x:

MH_RQ (master to host request), that results in settinglla RQ in SYS_STATUS_FRG flag
register in host ISA-bus 1/0O interfacelH_RQ is generated when the on-board TMS320C6x DSP
executes I/O write cycle thfH_RQ IOX register (see table 2-2). Data written has no meaning and is
ignored. Generation dffH_RQ DSP-to-host request results intisey flag MH_RQ in FLAG

STATUS REGISTER of host ISA-bus 1/O interface into tiiéH_RQ=1 state and may generate
active host PC interrupt request in ca#d_RQ_IE bit in the CONTROL REGISTER from host
ISA-bus I/O interface is set to tildH_RQ_IE=1 state.. The following is an example of C-code for
TMS320C6x DSP that generates request to the host PC:

unsigned * MH_RQ = *(Lszigned *) 0x03000000; [* declare MH-RQ 1/O port */

*MH_RQ=0; /* DSP-to-host request is generated */

HPI_HINT (host interrupt request via HPI), that results in setting/liT of HPIC register of
TMS320C6x HPI and flagiP/_HINT in SYS_STATUS_FRG flag register of host ISA-bus 1/0
interface.HPI_HINT can generate active host PC interrupt request inldBsg+INT_IE bit in
HPI_IE_FRG flag register from host ISA-bus 1/O interface is set/ff_HINT_IE=1 state.

Processing Requests from Host PC

TORNADO-6x supports attention request (interrupt request) from host PC to TMS32DEBxn order to
synchronize between the program execution in host and on-board DSP environments. Two methods for
generation of host-t®SP requests is supported iIORNADO-6x:

HM_RQ (host to master request), that results in generation of dbtRZexternal interrupt request
for the on-board TMS320C6x DSP. In order to generate outputRQ flag, host PC software has

to write any data int&ET_HM_RQ_FRG flag register from host ISA-bus 1/O interface. User
software for the TMS320C6x DSP should provide processily G hardware interrupt request in
accordance with software requirements. This is the recommended method for generation of host-to-
DSP request since it delivers caatipility with all other TORNADO DSP systems for PC.
HPI_DSPINT (host-to-DSP interrupt via HPI), that results itting bit DSPINT in HPIC register of
TMS320C6x HPI and generatig#P/INT on-chip interrupt request for TMS320C6x DSP. In order to
generateHP/_DSPINT interrupt request to DSP, host PC software has to write 0x03030303 hex
value to HPIC register of TMS320C6x DSP via host ISA-bus I/O interface. User software for the
TMS320C6x DSP should provide processing/6flINT interrupt request in accordance with
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software requirements. This is ti@RNADO-6x specific method for generation of host-to-DSP
request, and it is recommended for simulation of ho&88&-communiation via TMS320C6x DSP
on-chip HPI.

External Hardware Interrupts for TMS320C6x DSP

TORNADO-6x on-board TMS320C6x DSP supports four external hardware interrupt reqM@sts./NT3
with the INTO request having the highest priority. These requests correspond to the following events:
e INTO...INTZ interrupt requests can be generated by SIOX/PIOX/PIOX-16 daughter-card modules
* INT3is on-board wired for software requétt/_RQ from host PC to TMS320C6x DSP.

TORNADO-6x hardware provides direct wiring of external interrupt request source signals to the
correspondingNTO...INT3 pins of TMS320C6x DSP chip. AINTO...INT3 external interrupt request pins of
TMS320C6x DSP are edge-triggered atidw pulse or static external interrupt request signals to applied to
these input pins.

CAUTION
TORNADO-6x hardware is designed for external DSP interrégi0..INT3 with inverse
polarity inputs.

The TMS320C6x DSPEXxternal Interrupt Polarity Register should be programmed to
0x0000000F value in order to support inverse polarity external interrupts requests;

SIOX Interface Sites

TORNADO-62/67 provides two serial I/O expansion interface (SIOX) sites (SIOX-A and SIOX-B) for
compatible AD/DA/DIO daughter-card modules.

TORNADO-62MX/67MX provides one serial 1/0 expansion interface (SIOX) site (SIOX-A) for compatible
AD/DA/DIO daughter-card modules. Site SIOX-A BORNADO-62MX/67MX has two paralleled connectors

for installation of AD/DA/DIO daughter-card module in either horizontal (recommended for installation into
regular PC chassis) or vertical orientation (recommended for installation into MicroPC chassis).

SIOX comprises of the TMS320C6x DSP-on-chip McBSP-0/McBSP4&lgaorts control linesDSP-on-chip
timers TM-0/TM-1 input/output/NTO..2 external interrupt requests amfv/+12v ISA-bus power supply
lines. For details about SIOX sites refer to the corresponding section later in this chapter.

PIOX and PIOX-16 Interface Sites

TORNADO-62/67 provides one site for 32/16-bit parallel 1/0 expansion (PIOX/PIOX-16) site for compatible
AD/DA/DIO and DSP coprocessor daughter-card modules.

TORNADO-62MX/67MX provides one site for 16-bit parallel I/0 expansion (PIOX-16) site for compatible
AD/DA/DIO daughter-card modules.
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PIOX/PIOX-16 site comprises of the TMS320C6x DS#adand address buses, data strob&R-on-chip
timers TM-0/TM-1 input/output/NTO..2 external interrupt requests amfv/+12v ISA-bus power supply
lines. For details about PIOX/PIOX-16 sites refer to the corresponding section later in this chapter.

Generating Reset Signal for SIOX/PIOX Expansion Interf — ace Sites

TORNADO-6x generates reset signal for SIOX and PIOX/PIOX-16 expansion interface sites (refer to the
corresponding sections later in this chapter) as the logical OR of the following conditions:
* DSPisin the resetae as set by thd_GO bit of CONTROL REGISTER from host ISA-bus 1/0
interface
» XRESET IOX flag is set by the on-board DSP software.

This allows correct initialization of the SIOX/PIOX daughter-card hardware and correct synchronization with
the DSP software.

XRESET flag might be set by the TMS320C6x DSP software by meansitoigvto the XRESET 1/O port in
the 10X area (refer to table 2-2). Note, that when writing or reading to@BSET 10X register, only bit
DO is valid.

XRESET IOX Register (r/w)

X X X X X X X X XRESET

bit-31...bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

In case the DSP reset signal is released, the reset signal for SIOX/PIOX expansion interface sites might be set
active when theXRESET flag is set to logical ‘1" by the DSP software, thus providing optional reset for
SIOX/PIOX daughter-card hardware, and providing correct synchronization withSResoftware. Wting

logical ‘0’ to the XRESET flag, which is the default value on the DSP resdt,release the reset signal for
SIOX/PIOX expansion interface sites and will allow operation of the SIOX/PIOX daughter-card hardware.

External Power Connector for Stand-alone Op  eration

In caseTORNADO-6x is used for stand-alone applications outside of host ISA-bus PC chassis, then the on-
board external power connector JP9 (see fig.2-2 and fig.A-1) provide connection to external power source.
Note, that althougm ORNADO-6x provides connection to externabv and+12v power sources, only +5v
power source is actually required for operation of on-bda@@®RNADO-6x hardware. Other power lines -5v
and+12v are wired to PIOX/PIOX-16 and SIOX daughter-card sites.

2.4 Host ISA-bus Memory Interface

Host ISA-bus memory interface ofORNADO-6x is designed to transfer data between host IBM PC
environment andTORNADO-6x on-board SBSRAM/FLASH/PIOX SB resources without any software
overhead for both host PC and on-board TMS320C6x DSP.
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Operation Description

The SB address space via host ISA-bus memory interface appears as a series of dual-accelsar@2KB
memory page$SMP) that are mapped onto the ISA-bus UMB (upper memory blocks) memory window by
means ofSB PAGE MAPPER register from host ISA-bus 1/O interface.

The SB can be accessed by host ISA-bus memory interface by means of random accesses to software varia
or data arrays that are allocated witlS#P, or by means of block data transfers between PC main memory
and SMP using either host i80x86 CPU MOVSB/MOVSW/etc instructions or host DMA controller.

Host ISA-bus memory interface issues SB request and provides SB access using 8-/16/32-bit data cycles e
time host PC performs ISA-bus memory read/write cycle within the ISAS84R address range. Particular
selection of the UMB area is performed by host software by programmintptheél BADDR_FRG flag
register of host ISA-bus I/O interface.

SMP ISA-bus Memory Base Address

SMP 1SA-bus memory base address can be set within the 1ISA-bus UMB (upper memory blocks) memor
address range by means of programming/8% MI_BADDR_FRG flag register fromTORNADO-6x host
ISA-bus I/O interface (see section 2.5) in accordance with predefined configuration settings in table 2-5. Onl
three least significant bits é6A_MI_BADDR_FRG flag register are valid, and all other bits are ignored on
writes and reads as zeroes.

ISA_MI_BADDR_FRG Flag Register (rlw)

0 0 0 0 0 MI_BA2 MI_BAI1 MI_BAO

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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Table 2-5. 1SA-bus memory base address for SMP.

ISA-bus memory base ISA-bus memory address bit settings for
address for SMP range for SMP ISA_MI_BADDR_FRG
flag register
bit#2 bit#1 bit#0
MI_BA2 MI_BA1 MI_BAO
SMP is switched OFF - 0 0 0
B800OH B8OOOH ... BFFFFH 0 0 1
CO000H COOOOH ... C7TFFFH 0 1 0
C8000H C8000H ... CFFFFH 0 1 1
DOOOOH DOOOOH ... D7TFFFH 1 0 0
D8000H D800OH ... DFFFFH 1 0 1
EOOOOH EOOOOH ... E7TFFFH 1 1 0
E8000H E8OOOH ... EFFFFH 1 1 1
Notes: 1. The highlighted configuration corresponds to power on default value.

TORNADO-6x, as well as all otheFORNADO DSP systems for ISA-bus hosts, offers software control for the
SMP activity, i.e. switchingSMP either ‘ON’ or ‘OFF’ in the ISA-bus memory address space.

CAUTION

SMP is activated and appears in ISA-bus memory address space after writing any norffzero
value to/SA_MI_BADDR_FRG flag register in accordance with table 2-4.

SMP is disactivated and disappears from ISA-bus memory address space after writinf] the
zero value dSA_MI_BADDR_FRG flag register.

Software control oveSMP activity in TORNADO-6x delivers optimal utilization of UMB area in host PC
and allows multipleTORNADO DSP systems to share the same UMB area within one PC environment.

Addressing the SB data via Host ISA-bus Memory Interface

The host ISA-bus memory interface provides access to three SB address areas:
» SBSRAM area (or SRAM)
» FLASH memory area
* PIOX or PIOX-161/O area.
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Particular selection of the accessed SB address area as well as seleSiléR isf performed by 16-biSB
PAGE MAPPER register from host ISA-bus I/O interface. For details abouSB&AGE MAPPER register
programming please refer to subsectid®d®dP PAGE MAPPER Register” in section “Host ISA-bus 1/O
Interface” later in this chapter. TI88 PAGE MAPPER register bit format is as the following:

SB PAGE MAPPER (LSB) (riw)

0 A21 A20 A19 A18 A17 A16 Al5
bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
SB PAGE MAPPER (MSB)  (riw)
SBA-1 SBA-0 0 0 0 0 0 0
bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Bits A15..A21 select the particulaSMP, which has the size 32KB, whereas b88A-0..1 define the
particular SB area in accordance with table 2-8.

CAUTION

TORNADO-6x provides relative byte addressing within the particular SB area
(SBSRAM/FLASH/PIOX) for the SB data when SB xassed by host ISA-bus memory
interface (refer to table 2-1).

This means that although each of the SB address areas (SBSRAM, FLASH or PIOX/PIOX-16) has absolu
32-bit address within the TMS320C6x DSP environment, the corresponding address for host ISA-bus memo
interface is set relative to the base address of this SB area with the SB area code specified in two upper bit:
SB PAGE MAPPER register from host ISA-bus 1/O interface.

The following are few examples for setting the SB addressS&hPAGE MAPPER register when accessing
the SB data from host ISA-bus memory interface:

 Example 1 TMS320C6x DSP address is 0x00020005 &measing the location within the
SBSRAM area. The corresponding address for host ISA-bus memory interface will be 0x0005 with
the SMP #0x0004 and SB area @SBSRAM,, i.e. 82 PAGE MAPPER should be programmed to
the 0x0004 hex value.

 Example 2 TMS320C6x DSP address is 0x01100008 &measing the location within the FLASH
area. The corresponding address for host ISA-bus memory interface will be 0x0008 \@iiRhe
#0x0010 and SB area @FLASH, i.e. thB PAGE MAPPER should be programmed to the 0x4014
hex value.

 Example 3 TMS320C6x DSP address is 0x0380000A fressing the location within the PIOX
area. The corresponding address for host ISA-bus memory interface will be 0xO00A v&iffhe
#0x0000 and SB area @PIOX, i.e. t68 PAGE MAPPER should be programmed to the 0xC000
hex value.

» Example 4 TMS320C6x DSP address is 0x03000004 tmeasing thé/lock flag register. There is
no way to access the DSP 10X area from host ISA-bus memory interface.
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Access ing SB Data from PC Host Softw are via ISA-bus Memory Interface

Once TORNADO-6x host ISA-bus memory interface provides direct mapping of 3834B° onto ISA-bus
UMB window, then the following host-to-SB data transfer techniques are applicable:
* random access to variables or data arrafocated anywhere within th@®VIP by host PC software
* Dblock data transfers using MOVS/MOVSB/MOVSW instructibhest PC i80x86 CPU
» block data transfers under control of host PC DMA contralising memory-to-memory or memory-
to-port transfer cycles.

Timing Diag ram Descript ion for Host ISA-bus Memory Interface

The SB access from host ISA-bus memory interface is performed under hardware control of the on-board
programmable&SB Access Controlldrom ISA-bus interface oTORNADO-6x. Timing diagram for SB read

cycle invoked by ISA-bus memory interface is presented at fig.2-3. Understand8i) Atcess Controller
operation is recommended for those applications, which require perfect evaluation of possible time delays when
accessing the SB data from ISA-bus memory interface.

ISA_MR

SAROY -—

SB_RQ

Twa \ Twr—*

SB_ACK

SB_STB

Twdr +

SB_READY

Fig.2-3. Timing diagram of SB read cycle invoked by ISA-bus memory interface.

CAUTION

Any host request to SB data will make the upcoming TMS3200HR request to SB data
(SBSRAM/FLASH/PIOX) being pended upon completition of host request, and, therefpre
will introduce delays into real-time functionality DSP software.

Host ISA-bus memory interface BORNADO-6x DSP System is designed to rnmiize
these delays to a minimum of available.

Host request to SB data will not introduce any time delays into operation of TMS3206x
DSP in case thiatter is executing the program from on-chip cache or program memoyy
while accessing the DSP on-chigtd memory.

Any request to th&MP memory address space on the host ISA-I&& (MR=0 or ISA_MW=0) will result in
activation of host ISA-bus memory interface that will immediately generate request to SB &Bit&Jd=0)
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and set ISA-bus data ready signal to ‘NOTARE’ state (SA_RDY=0). Host ISA-bus interface will stay in
this state until SB will be grantedsB_ACK=0) by SB arbiter. SB will be granted at least affgy, delay.

After that, the SB access cycle will be generated by host ISA-bus memory interfa&Bw®TB signal set to
the SB_STB=0 state. Host ISA-bus memory interface will nhow wait 88 READY signal comes true
(SB_READY=0) in order to finish current SB access cycle. SB data ready ssghad®EADY will come true
(SB_READY=0) after T,y delay afterSB_STB will come active §B_STB=0). Wait time forSB_READY

signal depends upon the SB address subspace selected (see table 2-1). Minimum waitSBn&EADY
data ready signal i%,;,4~=0ns and corresponds to access to the on-board SBSRAM area, whereas accesses

FLASH and PIOX areas require some wait-state time with further awaiting SBrREADY or
PIOX_READY signal set to true. Afte'SB_READY signal sets true, th&B_ RQ signal is removed
(SB_RQ=1) and/SA_RDY signal is set tdSA_RDY =1 state in order to finish current ISA-bus memory
access cycleSB_ACK signal will return to its inactive stat&B_ACK=1) within T, after SB_RQ will be

removed 6§B_RQ=1).

SB Access Timeout Control

TORNADO-6x provides hardware timeout control for wait times for SB granting an8BotREADY signals
when SB is accessed by host ISA-bus memory interface. This is required in order to avoid idling and crashir
of host PC environment while waiting for SB granted during indefinite time period.

Hardware timeout for every of SB granting and SB data ready signals are set to 6 usec. Once SB granti
timeout occurs, the&sB_ERROR bit in CONTROL REGISTER from host ISA-bus I/O interface is set to
SB_ERROR=1 state. This will cancel all soeeding SB requests from host ISA-bus memory interface until
SB_ERROR bit will be reset by host software. However, there is no error bit set in case of SB data ready
timeout.

Data Transfer Formats for Host SB Data Access Cycles
TORNADO-6x supports 8/16/32-bit SB datacess cycles for both DSP and host ISA-bus memory interface.

Host ISA-bus memory interface offers special advanced features in order to minimize induced time delays in
functionality of TMS320C6DSP while thdatter acesses the SB data.

Although PC can accessMP data using both from standard 8-bit or 16-bit ISA-bus memory cycles, special
on-board hardware allows temporary storage of transferred data in order to reduce number of forwarde
accesses to SB in case the accessed data format is either 16-bit or 32-bit data words.

The format of SB data cycle, when SB te@ssed via host ISA-bus memory interface, can be by host software
by means of programming ti#8_CCL bit field {SB_CCL-0,SB_CCL-1} of CONTROL REGISTER from
host ISA-bus I/O interface in accordance with table 2-6.
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Table 2-6. Data formats for host SB data transfer cycles.

Format of SB data
cycle

SB_CCL bit field setting of
CONTROL REGISTER from
ISA-bus 1/O interface

SB_CCL-0

SB_CCL-1

description

8-bit data cycle
(power-on reset
value)

0

0

Host SB data cycle is generated each time host PC CPU executes
ISA-bus memory read/write cycle within SMP ISA-bus memory
address range. Actual byte selection within the addressed SB 32-bit
word is performed by ISA-bus address bits {A0, A1}. SMP appears
as the 32KB linear byte space.

16-bit data cycle

Host SB data cycle is generated when host PC CPU performs either
ISA-bus memory read cycle for even (A0=0) byte or ISA-bus memory
write cycle for odd (A0O=1) byte within the SMP ISA-bus memory
address range. This cycle is also generated in case host PC CPU
performs ISA-bus memory read/write cycle for 16-bit words allocated
at the even (A0=0) address boundary. When this data cycle format is
set and host PC CPU performs memory byte accesses to other bytes
of SMP, then no SB data cycle is generated and data is read/written
from/to the on-board bi-directional register transceivers. Actual 16-bit
word selection within the addressed SB 32-bit word is performed by
ISA-bus address bit A1. SMP appears as a linear 16Kx16 space of
16-bit words.

32-bit data cycle

SB data cycle is generated only when host CPU performs ISA-bus
memory read of the least significant byte (A0O=A1=0) or memory write
of the most significant byte (A0=A1=1) of the 32-bit memory words
within SMP ISA-bus memory address range. When host CPU
accesses other bytes of the SMP then no SB data cycle is generated
and data is read/written from/to the on-board bi-directional register
transceivers. SB data are transferred as 32-bit data words. SMP
appears as a linear 8Kx32 space of 32-bit words.

1

1

Reserved. Do not use.

Notes:

1. The highlighted configuration corresponds to default power on value.

Data format for host SB data@@ess cycle can be changed by host software durg@NADO-6x operation
and depends upon user requirements for host and resident DSP software.

8-bit data cyclesare the recommended selection when host software either asSUMRde appear as a linear
set of bytes (as well as of 16-bit words or 32-bit words), or when host software may regaess ® any
random selected byte 8iVIP data. In this case the SB data cycle is generated each time when host PC CPU or

DMA controller perform ISA-busSMP memory access cycle.

16-bit data cyclesre the recommended selection when host software asSiMfeto appear as a linear set of

either 16-bit words or 32-bit words. In this case the SB data cycle is generated when host PC CPU either reads
even SMP memory bytes or writes to od8MP memory bytes while other byte is stored in the on-board
register transceiver. The 16-bit host data cycle format normally saves about 50% time required for equivalent

8-bit SB access cycles.
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32-bit data cyclesire the recommended selection when host software asSiMfet appear as a linear set of
32-bit words. In this case the SB data cycle is generated when host PC CPU either reads least significant k
of 32-bit SMP memory words of writes to most significant byte of 328/ memory words while other

bytes are stored in the on-board register transceiver. The 32-bit data cycle format normally saves about 7-
time required for equivalent 8-bit SBaess cycles.

SB Locking by ISA-bus Memory Interface

SB locking by ISA-bus memory interface is useful for preventing SB access from TMS320C6x DSP while
processing shared semaphores allocated in SBSRAM/FLASH/PIOX shared SB resources.

SB locking by ISA-bus memory interface can be set by host PC software by means of programming either tt
SB_GLOCK bit or SB_LOCK bit of CONTROL REGISTER from ISA-bus I/O interface.

Timing diagrams of SB locking usin8B_GLOCK andSB_LOCK bits are presented at fig. 2-4 and fig. 2-5.

SB_GLOCK

ISA_MR

SB_RQ

LTwaﬁ\ Twr L»\ LTwaﬂ\ Twr \—ﬂ

SB_ACK

SB_STB

Fig.2-4. Timing diagram for SB access cycle invoked by ISA-bus memory interface with SB locking
using SB_GLOCK hit.

SB_LOCK

ISA_MR

SB_RQ

LTwaﬂ\ Twr L»\ LTwa—>\ Twr \—v\

SB_ACK

SB_STB

Fig.2-5. Timing diagram for SB access cycle invoked by ISA-bus memory interface with SB locking
using SB_LOCK hit.
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CAUTION

SB locking by ISA-bus memory interface usi8g_GLOCK andSB_LOCK bits of
CONTROL REGISTER from ISA-bus I/O interface should be used for short-time SB
locking.

Continuous SB locking by ISA-bus memory interface ustty GLOCK andSB_LOCK
bits may result in continuous holding of TMS320C6x DSP (in case it requestssao SB
data) and may lead to significant time distortions of real-time data processing.

2.5 Host ISA-bus I/O Interface

TORNADO-6x host ISA-bus 1/O interface is designed fGIORNADO-6x system control, accessing
TMS320C6x DSP on-chip HPI from host software, and interrupt handshaking between host PC CPU and
TMS320C6x DSP.

I/O Base Address of Host ISA-bus I/0O Interface

Host ISA-bus I/O interface occupies sixteen 8-bit registers inside ISA-bus I/O address space. Base address of
host ISA-bus 1/O interface is defined by means of 3-button on-board DIP-switch SW1 (see fig.2-1) in
accordance with predefined settings listed in table 2-7.
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Table 2-7. 1SA-bus I/O base address for host ISA-bus 1/O interface.

ISA-bus I/O base ISA-bus I/O address button button button

address range SW1-3 SW1-2 SW1-1
300H 300H..30FH OFF OFF OFF
310H 310H..31FH OFF OFF ON
320H 320H..32FH OFF ON OFF
330H 330H..33FH OFF ON ON
340H 340H..34FH ON OFF OFF
350H 350H..35FH ON OFF ON
360H 360H..36FH ON ON OFF
370H 370H..37FH ON ON ON

Note: 1. Highlighted configuration corresponds to the factory setting.

ISA-bus I/O Interface Registers

List of TORNADO-6x 1SA-bus 1/O interface registers is presented in table 2-8.
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Table 2-8. Register set of Host ISA-bus I/O interface.

register # register access reset value description
address mode
#0 BA+0 riw 0 SB PAGE MAPPER (LSB)
#1 BA+1 riw 0 SB PAGE MAPPER (MSB)
#2 BA+2 riw 0 CONTROL REGISTER
#3 BA+3 riw - FLAG DATA REGISTER
or
r - FLAG STATUS REGISTER
w - FLAG CONTROL REGISTER
#403H BA+0x403 riw 0 FLAG SELECTOR REGISTER
#4 BA+4 reserved (do not use)
#5 BA+5 reserved (do not use)
#6 BA+6 reserved (do not use)
#7 BA+7 reserved (do not use)
#8 BA+8 riw see Tl HPIC (LSB of LSW) register (TMS320C6x HPI)
documentation
#9 BA+9 riw see Tl HPIC (MSB of LSW) register (TMS320C6x HPI)
documentation
#0AH BA+0xA riw see Tl HPIC (LSB of MSW) register (TMS320C6x HPI)
documentation
#0BH BA+0xB riw see Tl HPIC (MSB of MSW) register (TMS320C6x HPI)
documentation
#0CH BA+0xC riw - HPI Address Latch (LSB of LSW) register (HPIA),
(TMS320C6x HPI)
#0DH BA+0xD riw - HPI Address Latch (MSB of LSW) register (HPIA),
(TMS320C6x HPI)
#OEH BA+0xE riw - HPI Address Latch (LSB of MSW) register (HPIA),
(TMS320C6x HPI)
#OFH BA+0xF riw - HPI Address Latch (MSB of MSW) register (HPIA),
(TMS320C6x HPI)

User'’s Guide.
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#408H BA+0x408 riw - HPI Data Latch (LSB of LSW) register (HPID_AI) with HPI
address autoincrement facility (TMS320C6x HPI)

#409H BA+0x409 riw - HPI Data Latch (MSB of LSW) register (HPID_AI) with HPI
address autoincrement facility (TMS320C6x HPI)

#40AH BA+0x40A riw - HPI Data Latch (LSB of MSW) register (HPID_Al) with HPI
address autoincrement facility (TMS320C6x HPI)

#40BH BA+0x40B riw - HPI Data Latch (MSB of MSW) register (HPID_AI) with HPI
address autoincrement facility (TMS320C6x HPI)

#40CH BA+0x40C riw - HPI Data Latch (LSB of LSW) register (HPID) without HPI
address autoincrement facility (TMS320C6x HPI)

#40DH BA+0x40D riw - HPI Data Latch (MSB of LSW) register (HPID) without HPI
address autoincrement facility (TMS320C6x HPI)

#40EH BA+0x40E riw - HPI Data Latch (LSB of MSW) register (HPID) without HPI
address autoincrement facility (TMS320C6x HPI)

#40FH BA+0x40F riw - HPI Data Latch (MSB of MSW) register (HPID) without HPI
address autoincrement facility (TMS320C6x HPI)
Notes: 1. ‘BA’ denotes ISA-bus I/O base address of host ISA-bus I/O interface (table 2-6).
2. Register access modes: r - read only, w - write only, r/w - read/write.

3.  ‘LSB denotes Least Significant Byte; ‘MSB’ denotes Most Significant Byte; ‘LSW' denotes
Least Significant 16-bit Word; ‘MSW’ denotes Most Significant 16-bit Word

4. Al HPI registers access should be performed with bit HWOB of HPI HPIC register being set
to HWOB=1 value. This correspond to the LSW first data transmission protocol for ISA-bus
host.

SB PAGE MAPPER Register

Registers #0 and #1 ofORNADO-6x ISA-bus I/O interface are least significant byte (LSB) and most
significant byte (MSB) of 16-bitSB PAGE MAPPER register, which is used to setup t§&/P SB base
address in for SBSRAM/FLASH/PIOX SB areas in 16Kx16 (32Kx8) increments. Reset vali8 B8AGE
MAPPER register is 0x0000.

SB PAGE MAPPER LSB register comprises of bi#s15..A21 for selection of particulaBMP for host-to-SB
access, whereaSB PAGE MAPPER MSB register comprises of bitSBA-0..1 bits for the SB area selector
in accordance with table 2-9.

All other bits of SB PAGE MAPPER LSB andSB PAGE MAPPER MSB registers are ignored on writing
and read as zeros. ThA&2..A14 bits of SB address for SB words with8WP are derived from ISA-bus
memory address bitSA A2..ISA _A14, whereas address bitSA_AO..1 are used to select the particular byte
within addressed 32-bit SB data word.



40 TORNADO-6x. User's Guide.

SB PAGE MAPPER (LSB) (rlw)

0 A21 A20 Al19 Al8 Al7 Al6 Al15

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

SB PAGE MAPPER (MSB)  (riw)

SBA-1 SBA-0 0 0 0 0 0 0

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

CAUTION
SB address space fBIORNADO-6x is the address space for 8-bit BYTE data words.

The 16-bit SB data words are allocated on the x2 odd address boundaries.

The 32-bit SB data words are allocated on x4 address boundaries.

CAUTION

TORNADO-6x provides relative byte addressing within the particular SB area
(SBSRAM/FLASH/PIOX) for the SB data when SB xassed by host ISA-bus memory
interface (refer to table 2-1 and paragraph “Host ISA-bus Memory Interface” earlier in|fhis
chapter).

Particular SB area accessed is defined by$R4-0..1 of SB PAGE MAPPER MSB register in accordance
with table 2-9.
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Table 2-9. SB Area Selector for Host-to-SB Accesses.

SB Area SBA-1 bit SBA-0 bit
of SB PAGE of SB PAGE
MAPPER MSB MAPPER MSB
register register
SBSRAM area 0 0
1Mx32 for TORNADO-62/67
512Kx32 for TORNADO-62MX/67MX
SBSRAM/DATA area 0 1
1Mx8
reserved, do not use 1 0
PIOX area 1 1
512Kx32 for TORNADO-62/67
PIOX-16 area
64Kx16 for TORNADO-62MX/67MX

1. Highlighted configuration corresponds to default power-on
setting.

Note:

CONTROL Register

Register #2 oTORNADO-6x ISA-bus 1/O interface is known &ONTROL REGISTER. It is used for reset
control of the on-board TMS320C6x DSP, for confegion of ISA-bus memory interface and EP-to-host
interrupt communication.

CONTROL REGISTER (r/w)

0 M_GO
(reserved)

SB ERROR IE | MH_RQ_IE | SB_CCL-1 | SB_CCL-0 | SB_LOCK | SB_GLOCK

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Table 2-10 contains detail description for bits and bit field€SONTROL REGISTER. Note, that reserved
bits of CONTROL REGISTER are ignored on writing and read as showova.
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Table 2-10. Bits and bit fields of CONTROL REGISTER.

bit/field of CONTROL power on description
REGISTER default value
M_GO 0 On-board TMS320C6x DSP reset line control:
. ‘0’ corresponds to the RESET state for the on-board
TMS320C6x DSP

. ‘1’ corresponds to GO (RUN) state for the on-board
TMS320C6x DSP (i.e. the on-board DSP is in the program
execution mode)

SB _GLOCK 0 SB Global Lock. With the SB_GLOCK=1 the SB access controller of
ISA-bus memory interface generates active SB locking.

SB LOCK 0 SB Lock. With the SB_LOCK=1 the SB access controller of ISA-bus
memory interface generates active SB locking starting from first next SB
request cycle after the SB_LOCK bit is set to the SB_LOCK=1.

SB CCL-1, SB_CCL-0 {0,0} SB Cycle format selector for Host-to-SB data transfers :

. {0,0} corresponds to 8-bit host SB data transfer cycle
. {0,1} corresponds to 16-bit host SB data transfer cycle
¢  {1,0} corresponds to 32-bit host SB data transfer cycle
e {1,1}is reserved, do not use

MH_RQ_IE 0 Master TMS320C6x DSP to Host Request Interrupt Enable. If
MH_RQ_IE=1 and MH_RQ=1, active interrupt request to host PC is
generated. Host PC interrupt request is logical OR between (MH_RQ_IE
& MH_RQ), (SB_ERROR_IE & SB_ERROR), (HPI_ERROR_IE &
HPI_ERROR) and (HP!_HINT_IE & HPI_HINT) conditions.

SB_ERROR_IE 0 SB Error Interrupt Enable. If SB_ERROR_IE=1 and SB_ERROR=1,
active interrupt request to host PC is generated. Host PC interrupt
request is logical OR between (MH_RQ_IE & MH_RQ), (SB_ERROR_IE
& SB_ERROR), (HPI_ERROR_IE & HPI_ERROR) and (HPI_HINT_IE &
HPI_HINT) conditions.

Access ing the TMS 320C6x DSP memory areas via DSP on-c hip HPI

TORNADO-6x host ISA-bus 1/O interface supports optional DSP-to-host comiatimric via TMS320C6x
DSP on-chip 32-bit host-port interface (HPI). Please refer to original Tl dotatioen about details on
TMS320C6x HPI.
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CAUTION

The TMS320C6x DSP on-chip HPI port BORNADO-6x DSP systems can operate only
when DSP is in the ‘RUN'tate.

Along with the SB facility o TORNADO-6x, the TMS320C6x DSP on-chip HPI is another power&ihdath
for communication betweeDSP and host PC via full 32-bit DSP address space incldingSP on-chip
memory areas.

CAUTION

TORNADO-6x provides absolute 32-bit byte addressing capabilities wbassing the
TMS320C6x DSP memory areas via DSP on-chip HPI port (refer to original TI TMS32¢IC6x
documentation for details.)

Along with data transfer, mutu&SP-to-host K/P/_HINT) and host-to-DSPHPI_DSPINT) interrupts via
HPI are supported. On the host side, e HINT DSP-to-host interrupt can be indivadly masked and
generate PC ISA-bus interrupt.

CAUTION

All host-to-HPI accesses to HPIC, HPIA and HPID_AI/HPID registers of TMS320C6x FLFP
HPI should be performed as to 32-bit I/O registers using two sequential 16-bit data wiyds:
LSW first, MSW last. Any violation of this may result in invalid data passed.

Bit HWOB of HPIC register should be set to logical ‘1’ prior any further data transfer wil| be
performed via HPI and HPI address will be loaded. This corresponds to 16-bit LSW ff§st
communication via ISA-bus.

Timeout Control for Host-to-HPI Access

In accordance with TMS320C6x DSP speaifions, the host-to-HPIcaess is allowed only in case B8P is

in the program execution mode, i.e. the DSP reset input is released. This is also true in casbdbiendérd

is selected (BM#6 from table 2-3) after the DSP reset input is released, sinbedt®ad is performed with
the DSP reset releasatithough theédSP on-chip kernel is adily in the reset state.

All host-to-HPI data transfers are acknowledged with i¥ READY hardware signal, which is an output
from TMS320C6x DSP. Nanally, HPI_READY signal comes true within several DSP cycles to confirm end
of HPI data transfer.

In case the HPI is accessed while either the DSP is in the tasebiseitheDSP was placed into PD2 or PD3

conditions (by means of writing ‘1’ to either of PD2 or PD3 bits of PRWD fieldS® on-chip CSR register),
which results in DSP on-chip clock stopped, then this host-to-HPI acdese wended withHP/_READY
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hardware signal set to false state until&t8P reset Wl be released. This might result in infinite host ISA-bus
idling and crashing host PC environment unless special hardware timout control for host-tad$Blcycles
was not used in alTORNADO-6x DSP systems.

In order to avoid host ISA-bus idling;ORNADO-6x host ISA-bus I/O interface features hardware timeout
control for host-to-HPI accesses. The timeout interval for host-to-ttfeka is equal to|fsec.

Once HPI timeout will occur, this will result in setting acti#P/_ERROR flag (HPI_ERROR=1) in
SYS _STATUS_FRG flag register. Furthermore, oné#P/_ERROR flag is set, all stceeding host-to-HPI
accesses will be canceled and returned data will be invalid until host will recognize andleBRROR
flag by means of writing t&€LEAR_HPI|_ERROR_FRG flag register.

CAUTION

If TMS320C6x DSP is in the RESETase orDSP software has set either of PD2 or PD3 [is
of PRWD field DSP on-chip CSR register, then thil$ kesult in pending host-to-HPlcaess
with 6 psec host-to-HPI access timeout.

In this case thé/PI_ ERROR bit is set to ‘1" inSYS_STATUS_FRG flag register and the
current host-to-HPI access will be cancelled.

All further host-to-HPI accessed will be ignoredTYRNADO-6x Host ISA-bus I/0
interface untilHP/_ERROR flag will be cleared by host.

Note, that active state ¢fiPl_ERROR flag may generate host interrupt in ca$€/_ERROR_IE bit in
HPI_IE_FRG flag register is set tolPI_ERROR_IE=1 state.

FLAG Registers

Registers #3 and #403H GIORNADO-6x ISA-bus /O interface are used for auxiliary contrithds) of
TORNADO-6x.

Optional flags (data bits and control signals) are comprised into a set of multiplexedla8hiégisters
Particularflag registeris addressed bffLAG SELECTOR REGISTER (register #403H). Flags within a
currently addressed (selecteithg registercan be read/written using 1/O read/write operation iRLAG
DATA REGISTER (register #3).

FLAG SELECTOR REGISTER is available for 1/0 r/w operations has the following data format:

FLAG SELECTOR REGISTER (readlwrite)

FSEL-7 FSEL-6 FSEL-5 FSEL-4 FSEL-3 FSEL-2 FSEL-1 FSEL-0

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

List of available flag registers foTORNADO-6x, which can be addressed WLAG SELECTOR
REGISTER, is presented in table 2-11.
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Table 2-11. Flag registers for TORNADO-6x.

code written
to FLAG

SELECTOR

REGISTER

name of addressed flag register
(register #3)

description

10H

SYS_STATUS FRG
SET_HM_RQ_FRG

;.“.

In read mode indicates current status of main run-time system
flags of TORNADO-6x (refer to subsection
“SYS_STATUS_FRG Flag Register’ later in this section).

In write mode sets active Host _to_Master_Request (HM_RQ)
via INT3 external interrupt request input for TMS320C6x DSP.
Data written to SET_HM_RQ_FRG register has no meaning
and is ignored.

20H

SYS_STATUS FRG
CLEAR_MH_RQ _FRG

;.“.

In read mode indicates current status of main run-time system
flags of TORNADO-6x (refer to subsection
“SYS_STATUS_FRG Flag Register’ later in this section).

In write mode clears active Master_to_Host_Request (MH_RQ)
flag in SYS_STATUS_FRG flag register.
Master_to_Host_Request flag can be set by resident
TMS320C6x DSP software in order to set attention or interrupt
request to host PC. Data written to CLEAR_MH_RQ_FRG
register has no meaning and is ignored. Host PC should
perform this operation in the end of corresponding procedure or
interrupt handler (in case MH_RQ_IE=1) after MH_RQ interrupt
source has been identified.

30H

-

SYS_STATUS FRG
w. CLEAR_SB ERROR_FRG

In read mode indicates current status of main run-time system
flags of TORNADO-6x (refer to subsection
“SYS_STATUS_FRG Flag Register’ later in this section).

In write mode clears active SB_ERROR flag in
SYS_STATUS_FRG flag register. Active SB_ERROR flag is
set by timeout during host-to-SB access. Data written to
CLEAR_SB_ERROR_FRG register has no meaning and is
ignored. Host PC should perform this operation in the end of
corresponding interrupt handler (in case SB_ERROR_IE=1)
after SB_ERROR interrupt source has been identified. Also,
host PC should perform this operation in the end of data
transmission between host ISA-bus and SB in case active
SB_ERROR flag is detected.

40H

w: CLEAR_HPI_ERROR_FRG

In write mode clears active HPI_ERROR flag in
SYS_STATUS_FRG flag register. Active HP|_ERROR flag is
set by timeout during host-to-HPI access. Data written to
CLEAR_HPI_ERROR_FRG register has no meaning and is
ignored. Host PC should perform this operation in the end of
corresponding interrupt handler (in case HPI_ERROR_IE=1)
after HPI_ERROR interrupt source has been identified. Also,
host PC should perform this operation in the end of data
transmission between host ISA-bus and HPI in case active
HPI_ERROR flag is detected. This flag register is write-only
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50H

riw: HPI_IE_FRG

HPI-to-Host Interrupt Enable Register. This flag register sets
interrupt enable masks for interrupting host PC on HPI_ERROR
and HPI_HINT events.

Host PC interrupt request is logical OR between (MH_RQ_IE &
MH_RQ), (SB_ERROR_IE & SB_ERROR), (HPI_ERROR_IE
& HPI_ERROR) and (HPI_HINT_IE & HPI_HINT) logic terms.

60H

. DSP_STATUS_FRG

DSP Status Register. This flag register returns current state of
DSP_MlLock, DSP_M_GO and DSP_PD control signals from
the TMS320C6x DSP environment.

EOH

riw: ISA_MI_BADDR_FRG

ISA-bus Memory Interface Base Address Register. Sets ISA-
bus memory base address for host ISA-bus memory interface of
TORNADO-6x in accordance with table 2-4. Sets/resets activity
of host ISA-bus memory interface of TORNADO-6x within UMB
area of ISA-bus memory address space. Only three least
significant bits of this register are valid; all other bits are ignored
and reads as zeros.

E2H

rlw: ISA_ECC_BADDR_FRG
(TORNADO-62MX/67MX
only)

ECC ISA-bus I/O Base Address Register. Sets ISA-bus I/0
base address for TORNADO-62MX/67MX optional on-board
emulation controller (ECC) in accordance with table 2-14.

Sets/resets activity of ECC within ISA-bus I/O address space.
Only three least significant bits of this register are valid; all other
bits are ignored and reads as zeros.

FOH . DEV_IDO_FRG
FIH . DEV_ID1_FRG

Deuvice Identifier and S/N Registers #0/#1. These registers are
read only and contain LSB and MSB of device ID and s/n ID for
TORNADO-6x

Notes: 1.  Unused codes for flag registers are reserved for future expansion.
2. Access modes: r-read only; w - write only; r/w - read and write.

Once a desired flag register is selected by loading the corresponding codeéL#d@® SELECTOR
REGISTER in accordance with table 2-11, current flags status can be obtained by réadicg DATA
REGISTER (FLAG STATUS REGISTER), whereas flag settings can be performed by writing-t4G
DATA REGISTER (FLAG CONTROL REGISTER). Note, thatFLAG STATUS REGISTER and FLAG
CONTROL REGISTER are actually read and write denotification fEAG DATA REGISTER that is
available for both read and write operations. However, this makes useful sense since EG/RA/ADO-6x
flag registers have different format for read and write operations.



Chapter 2. System Architecture and Construction 47

Table 2-12. Bits of SYS_STATUS_FRG flag register for TORNADO-6x.

bit name power on default description
value
SB_ACK 0 SB Request Acknowledge. SB_ACK=1 denotes that SB arbiter has

granted SB access to host ISA-bus memory interface. SB_ACK flag can
be read during active SB locking from host ISA-bus memory interface.

HPI_ERROR 0 HPI Error (HPI_ERROR). HPI_ERROR=1 denotes that 6 psec timeout
has been detected during host-to-HPI access. HPI_ERROR flag will keep
staying in active HPI_ERROR=1 state until it will be reset by host PC
software by means of writing to CLEAR_HPI_ERROR_FRG flag register.
If HPI_ERROR flag has been set to active (HPI_ERROR=1) state, all
succeeding host-to-HPI accesses from host ISA-bus memory interface of
TORNADO-6x will be ignored and data returned will be undefined. If
HPI_ERROR_IE=1 and HPI_ERROR=1, an active host PC CPU interrupt
request is generated.

HPI_HINT 0 DSP_to Host Request_via_HPI (HPI_HINT). HPI_HINT=1 denotes that
TMS320C6x DSP has generated active request to host PC CPU via HPI.
HPI_HINT flag will keep staying in active HP/_HINT=1 state until it will be
reset by host PC software by means of writing 05050505H hex value to
HPIC register of TMS320C6x DSP HPI. If HPI_HINT_IE=1 and
HPI_HINT=1, then active host PC CPU interrupt request is generated.

MH_RQ 0 Master_to_Host Request (MH_RQ). MH_RQ=1 denotes that TMS320C6x
DSP has generated active request to host PC CPU. MH_RQ flag will stay
active (MH_RQ=1) until it will be reset by host PC software by writing to
CLEAR_MH_RQ_FRG flag register. If MH_RQ_/E=1 and MH_RQ=1,
then active host PC CPU interrupt request is generated.

SB_ERROR 0 SB Error (SB_ERROR). SB_ERROR=1 denotes that the 6 psec timeout
has been detected during SB access from host ISA-bus memory interface.
SB_ERROR flag will stay active (SB_ERROR=1) until it will be reset by
host PC software by writing to CLEAR_SB_ERROR_FRG flag register. If
SB_ERROR flag is active (SB_ERROR=1), all succeeding host-to-SB
requests from host ISA-bus memory interface of TORNADO-6x will be
ignored and data returned will be undefined. If SB_ ERROR_IE=1 and
SB_ERROR-=1, an active host PC CPU interrupt request is generated.

SYS STATUS FRG Flag Register

SYS_STATUS_FRG flag register comprises of maihORNADO-6x run-time system flags settings. It is
available as read only register and has the following data format:

SYS STATUS _FRG Flag Register (read only)

SB_ERROR MH_RQ HPI_HINT 0 0 0 HPI_ERROR SB_ACK

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Detail description for bits 06YS_STATUS_FRG flag register is presented in table 2-12.
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HPI-to-Host Interrupt Enable Flag Register (HPI_IE_FRG)

HPI_IE_FRG flag register comprises of interrupt enable bit masks for generation of host PC interrupt on HPI
events: activeHPI_HINT HPI-to-host interrupt request and/or activéP/ ERROR flag. Format of
HPI_IE_FRG flag register is as the following:

HPI_IE_FRG Flag Register (rlw)

HPI_HINT_IE 0 0 0 HPI_ERROR_IE 0

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

In case HPI_HINT_IE bit is set to logical ‘1’ andHPI_HINT flag is active HP/_HINT=1) in
SYS_STATUS _FRG flag register or HINT register of HPI, then this will result in generation of active host
PC interrupt request. In cas#/_HINT_IE bit is set to logical ‘0’, then no host PC interrupt will be generated
whenHPI_HINT flag will come active.

In caseHPI_ERROR_IE bit is set to logical ‘1’ and4P/_ERROR flag is active HP/_ERROR=1) in
SYS_STATUS_FRG flag register, then this will result in generation active host PC interrupt request. In case
HPI_ERROR_IE bit is set to logical ‘0’, then no host PC interrupt will be generated WR&INERROR flag

will come active.

DSP_STATUS FRG Flag Register

DSP_STATUS_FRG flag register comprises of most important TMS320C6x DSP control sigrnisyselt
is available as read only register and has the following data format:

DSP_STATUS_FRG Flag Register (read only)

0

0

0

DSP_PD

DSP_M_GO

DSP_MLock

bit-7

Detail description for bits dbSP_STATUS_FRG flag register is presented in table 2-13.

bit-6

bit-5

bit-4

bit-3

bit-2

bit-1

bit-0
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Table 2-13. Bits of DSP_STATUS_FRG flag register for TORNADO-6x.

bit name power on default description
value
DSP_MLock 0 DSP MLock. DSP_MLock=1 denotes that TMS320C6x DSP has set the

SB lock request. The SB will be locked by DSP immediately in case there
is no current host-to-SB request or immediately upon the current host-to-
SB request will terminate.

DSP_M_GO 0 DSP M_GO signal. DSP_M_GO=0 denotes that TMS320C6x DSP is in
the RESET state. DSP_M_GO=1 denotes that TMS320C6x DSP is in the
GO (RUN) program execution mode.

The DSP M_GO is not a simple return of M_GO from the CONTROL
REGISTER. In case the J6 DSP RESET SELECTOR jumeper is set to
external DSP RESET source, then the DSP_M_GO returns the current
value of external DSP RESET signal. In case the J6 DSP RESET
SELECTOR jumper is set to host DSP RESET source, then the
DSP_M_GO returns the current value of host M_GO from the CONTROL
REGISTER.

The DSP M_GO is useful for checking actual current RESET state of
DSP, and to prevent host-to-HPI accesses while DSP is in the RESET
state.

DSP_PD 0 DSP Power Down. DSP_PD=1 denotes that TMS320C6x DSP is either
in the power down PD2 or PD3 state.

Flag Registers for Identifying TO RNADO-6x DSP System

TORNADO-6x includesDEV_IDO_FRG/DEV_ID1_FRG read-only flag registers (see table 2-11), which
contains code for identification GTORNADO-6x DSP systems and its sdrnumber.

Usage of DEV_IDO FRG/DEV_ID1 FRG flag registers in host PC software is recommended for those
applications, which either require to be auto-configured for partidi@RNADO-6x hardware, or should be
protected from unauthorized duplication of software.

Generating Request to TMS 320C6x DSP

TORNADO-6x can generate requests from host PC to TMS320C6x DSP in order to synchronize betwee
programs execution in host and on-board DSP environments. Two methods fatigenef host-to-DSP
requests is supported FMORNADO-6x:
*  HM_RQ (host to master request), that results in generation of dti@external interrupt request
for the on-board TMS320C6x DSP. In order to generate outplutRQ flag, host PC software has
to write toSET_HM_RQ_FRG flag register. This is the recommended method for generation of
host-to-DSP request since it delivers cetility with all other TORNADO DSP systems for PC.
*  HPI_DSPINT (DSP interrupt via HPI), that results irtggg bit DSPINT of HPIC register of
TMS320C6x HPI. In order to generdt#®/_DSPINT interrupt request to DSP, host PC software has
to write 03030303H hex value to HPIC register of TMS320C6x DSP. This iIEGRNADO-6x
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specific method for generation of hostB&P request, and it is recommended for ation of host-
to-DSP communiation via TMS320C6:DSP on-chip HPI.

Processing Request from TMS 320C6x DSP

TORNADO-6x can generate requests from TMS320C6x DSP to host CPU in order to synchronize between
program execution in host and on-board DSP environments. Two methods foatigenef DSP-to-host
requests is supported FORNADO-6x:

*  MH_RQ (master to host request), that results in settingag RQ in SYS_STATUS_FRG flag
register. MH_RQ can generate active host PC interrupt request inM&s&rQ_IE bit in the
CONTROL REGISTER is set to thev/H_RQ_IE=1 state MH_RQ will remain in active state
MH_RQ=1 until it will be recognized and reset by host software. In order to resktHh&Q flag,
host PC software has to write @ear_Master_to Host _Request flag register. This is the
recommended method for generatiorD&P-to-host request since it delivers catility with all
other TORNADO DSP systems for PC.

e HPI_HINT (host interrupt request via HPI), that results in setting/lit7T of HPIC register of
TMS320C6x HPI and flagiP/_HINT in SYS_STATUS_FRG flag register HPI_HINT can
generate active host PC interrupt request in E88eHINT_IE bit in HPI_IE_FRG flag register is
set toHPI_HINT _IE=1 state HPI_HINT will remain in active staté/Pl_HINT=1 until it will be
recognized and reset by host software. In order to resétfhg-INT flag, host PC software has to
write 05050505H hex value to HPIC register of TMS320C6x DSP. This iS@#&NADO-6x
specific method for generation BEP-to-host request, and it is recommended for Isitiom of DSP-
to-host communication via TMS320C&SP on-chip HPI.

Host Interrupts

Host ISA-bus 1/O interface can generate active interrupts to host PC CPU in the following cases:

« whenSB_ERROR flag is active 6B_ ERROR=1) in SYS_STATUS_FRG flag register and
SB_ERROR_IE bitin CONTROL REGISTER is set toSB_ERROR_IE=1 state

« whenMH_RQ s active MH_RQ=1) in SYS_STATUS_FRG flag register and/H_RQ_IE bit in
CONTROL REGISTER is set toMH_RQ_IE=1 state

 whenHPI_ERROR flag is active HPI_ERROR=1) in SYS_STATUS_FRG flag register and
HPI_ERROR_IE bit in HPI_IE_FRG flag register is set tolP|_ERROR_IE=1 state

 whenHPI_HINT is active HPI_HINT=1) in SYS_STATUS_FRG flag register or HINT register of
HPI andHPI_HINT_IE bit in HPI_IE_FRG flag register is set t&lPl_HINT_/|E=1 state

Host ISA-bus interrupt request is generated as logical ‘OR’ of the above events. Decoding of interrupt source
should be performed by host PC software by means of analyzing the cont&Ws &STATUS FRG flag
register.

Host PC interrupt request may be generated using one of nine available ISA-bus interrupt request lines.
Particular PC interrupt line is selected by the on-board interrupt configuration jumper J1 (see fig.2-2). The
following ISA-bus interrupt request lines are available: IRQ-3, IRQ-4, IRQ-5, IRQ-6, IRQ-7, IRQ-10, IRQ-11,
IRQ-12 and IRQ-15.
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Setting ISA-bus memory base address for Host ISA-bus Memory Interface

TORNADO-6x provides software setting of ISA-bus memory base address for host ISA-bus memory interfac
by means of writing to/SA_MI BADDR FRG flag register. Only three least significant bits of
ISA_MI_BADDR _FRG flag register are valid, and all other bits are ignored on writes and reads as zeroes
Available settings fofSA_MI_BADDR_FRG flag register are presented in table 2-5.

ISA_MI_BADDR_FRG Flag Register (rlw)

0 0 0 0 0

bit-7

MI_BA2 MI_BAI1 MI_BAO

bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Setting ISA-bus I/O base address for ECC in TO RNADO-62MX/67MX

TORNADO-62MX/67MX provides software setting of ISA-bus I/O base address for optional on-board
emulation controller chipECC) by means of writing tdSA_ECC_BADDR_FRG flag register. Only three
least significant bits ofSA_ECC_BADDR_FRG flag register are valid, and all other bits are ignored on
writes and reads as zeroes. Available settingtSl&r ECC_BADDR_FRG flag register are presented in table
2-14.

ISA_ECC_BADDR_FRG Flag Register (r/w)

0 0 0 0 0 ECC BA2 ECC BA1 ECC_BAO
bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
Table 2-14. ISA-bus I/O base address for TORNADO-62MX/67MX optional on-board emulation
controller (ECC).
ISA-bus I/O base address for ECC ISA-bus I/O address bit setting for
range for ECC ISA_ECC_BADDR_FRG flag
register
bit#2 bit#1 bit#O
ECC_BA2 | ECC_BA1 ECC_BAO
ECC is disconnected from host ISA-bus; - 0 X X
attachment of external TI XDS510 or
MicroLAB’ MIRAGE-510D emulator is
allowed
2240H 240H ... 25FH 1 0 0
280H 280H ... 29FH 1 0 1
320H 320H ... 33FH 1 1 0
340H 340H ... 35FH 1 1 1

Note:

1. Highlighted configuration corresponds to host power on default setting.

2. This configuration is used as default by T6CC.EXE software utility.
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CAUTION

Attachment of external TXDS510 or MicroLAB’ MIRAGE-510D emulator tof ORNADO-
62MX/67MX is allowed only in case the on-board emulation controt€?Q) is either not
installed or is programmed as ‘disconnected’ from ISA-bus (see table 2-14).

Attachment of external TXDS510 or MicroLAB’ MIRAGE-510D emulator tof ORNADO-
62MX/67MX while the on-board emulation controlld&E@C) is active is strongly prohibited
and may result in damaging emulator andZaiC.

2.6 Parallel I/O Expansion Interface Site (PIOX and
PIOX-16)

TORNADO-6x architecture provides expansion of the on-board 1/O resources using 32-bit parallel 1/O
expansion interface (PIOX) foFORNADO-62/67 or 16-bit parallel 1/0 expansion interface (PIOX-16) for
TORNADO-62MX/67MX.

PIOX/PIOX-16 daughter-card sites are designed for compatible PIOX-16 daughter modules. PIOX/PIOX-16
daughter-card modules are installdibae the TORNADO-6x mainboard (see fig.1-1 and fig.2-6) and are
compatible with allTORNADO DSP systems for PC aal TORNADO-E/EL embedded DSP controllers.

Description

TORNADO-6x PIOX/PIOX-16 interfaces appear as either 512Kx32 (PIOX) or 64Kx16 (PIOX-16) 1/O
address sub-space of TMS320C6x DSP EMIF CE-3 address area, and camssedaby both the on-board
TMS320C6x DSP and host ISA-bus memory interface. PIOX/PIOX-16 includeaBBaddress buses, SB
control signals, TMS320C6x DSP on-chimers 1/0O pins and external interrupt inpuSP reset signal, and
ISA-bus power supply lines.

PIOX supports 32-bit data bus and 8/16/32-bit data transfer cycles, whereas PIOX-16 supports 16-bit data
transfer cycles only.

Installation of PIOX/PIOX-16 Daughter- card M odules onto TO RNADO-6x Mainboard

Figure 2-6 shows installation of PIOX daughter-card modules 8Q&NADO-62/67 and TORNADO-
62MX/67MX mainboard.
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PIOX Connectors

[TORNADO-62/67 DSP System Mainboard _________________________

Fig.2-6a. Installation of PIOX daughter-card module onto TORNADO-62/67 mainboard.

‘/( PIOX-X32 Connec

tor j

PIOX-16 Connector

[TORNADO-62/67 DSP System Mainboard j _________________________

Fig.2-6b. Installation of PIOX-16 daughter-card module onto TORNADO-62/67 mainboard.
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Fig.2-6¢. Installation of PIOX-16 daughter-card module onto TORNADO-62MX/67MX mainboard.

Access ing PIOX/PIOX-16 from TMS 320C6x DSP Environment

PIOX/PIOX-16 can beaessed by on-board TMS320C6x DSP when addressing the corresponding sub-space
of EMIF CE-3 address space (see table 2-2).

CAUTION

The EMIF CE-3 Space Control Register of TMS320C6x DSP should beapnoggd to
0x6336cc23 hex value in accordance with table 2-2 in order to meet requirements [pf
TORNADO-6x hardware for PIOX/PIOX-16.

Minimum PIOX/PIOX-16 data transfer strobe width is 60ns with setup timing 30ns and|hold
timing 15ns. Data transfer acknowledgement is performed by means of asynchronqps
PIOX_READY signal.

Access ing PIOX/PIOX-16 from Host ISA-bus Memory Interface

PIOX/PIOX-16 can beaessed by host ISA-bus memory interface wB&A-0..1 SB address space selector
bits of SB PAGE MAPPER MSB register are set to {1,1} from host ISA-bus 1/O interface.
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CAUTION

PIOX/PIOX-16 area is@essed by host ISA-bus memory interface with default strobe wjgith
of 60ns and with further processinglOX_READY signal.

PIOX-16 Connector Pinout for TO RNADO-62MX/67MX

TORNADO-62MX/67MX on-board PIOX-16 connector is a high-density DDK 50-pin DHB-series dual-row
female connector with 0.05" pin pitch. Compatible PIOX-16 plugs for customer designed daughter-carc
modules are available from MicroLAB Systems upon request.

PIOX-16 connector pinout specification is presented at fig 2-7 whereas signal specifications are listed in tab
2-15.

+5v 1 /\ 2 +5v
AL6 —— A a17
A4 =2 5 _ 415
AL12 8 _ a13
£10 = 10 11
2 L 2
np L3 14
VT 16 45
ST 1845
D14 =2 20_ 55
p12 =2k 22_ pi3
p10 =2 2 pg
g 25 26 oo
D =21 28
g 28 30 s
g 3L 2 .
o 2 34 o
GND =2 38 6nD
575 31 38 uo
WE 38 40 o
PIOX_READY =2k 42 2o
RESET =23 2 R0
45 46 ned
5y AL 15 RO
12y =22 20 1oy
_/

Fig.2-7. PIOX-16 connector pinout (top view).

Table 2-15. PIOX-16 signal description.

Signal name signal description
type
A2.A17 O SB address bus.

DO0..D15 110 SB data bus.
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STB

Active low PIOX-16 data transfer strobe (STB =0).

Active low PIOX-16 write enable signal ( WE =0).

PIOX_READY

PIOX-16 data ready acknowledge ( PIOX_READY =0) signal. Generated by PIOX-16

module in order to match the PIOX-16 SB cycle timing with timing requirements of
memory and /O devices used in PIOX-16 module.

T™-0

1/0/z

Configured by on-board J8 jumper as either input for the TMS320C6x DSP on-chip
Timer-0 (J8 jumper is not installed) or as output from the TMS320C6x DSP on-chip
Timer-0 (J8 jumper is installed).

T™-1

1/0/z

Configured by on-board J9 jumper as either input for the TMS320C6x DSP on-chip
Timer-1 (J9 jumper is not installed) or as output from the TMS320C6x DSP on-chip
Timer-1 (J9 jumper is installed).

RESET

Reset signal ( RESET =0) for the on-board SIOX and PIOX/PIOX-16 expansion
interface sites, which is logical OR of the following conditions:

. DSP is in the reset state
. XRESET IOX flag register is set by the DSP software via(refer to table 2-2).

IRQ-0, IRQ-1,
IRO-2

Active low external interrupt request lines for the on-board TMS320C6x DSP chip.

These line are pulled up with the on-board resistor, so it is recommended to configure
these external interrupt requests as inverse polarity external interrupt requests by
means of programming the TMS320C6x DSP on-chip External Interrupt Polarity
register to the 0x0000000F value.

Both negative static and negative pulse interrupt requests are supported. Actual
TMS320C6x DSP external interrupt requests (EXT_INT4...EXT_INT6) will be

generated on the falling edge (1 0) of /IRQ-0 .. IRQ-2 signals.

GND

Ground.

+5v

+5v power (from ISA-bus).

+12v

+12v power (from ISA-bus).

-5v power (from ISA-bus).

-12v

-12v power (from ISA-bus).

Note: 1. Signal type is denoted as the following: /- input, O - output, Z - high impedance.
2. All logical signal levels and load currents correspond to that for CMOS/TTL signals.

PIOX Connector Pinout for TO RNADO-62/67

TORNADO-62MX/67MX on-board PIOX connector comprises of the PIOX-16 connector and PIOX 32-bit
add-on connector. This allows accommodation of either PIOX-16 daughter-card module for high-speed
AD/DA/DIO applications or 32-bit PIOXOSP Coprocessor daughter-card module.
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PIOX-16 connector is described in thdéose section PIOX-16 Connector Pinout for TORNADO-
62MX/67TMX".

The PIOX add-on connector is a high-density DDK 30-pin DHB-series dual-raldeconnector with 0.05”

pin pitch. Compatible PIOX-16 plugs for customer designed daughter-card modules are available fron
MicroLAB Systems upon request.

PIOX connector pinout specification is presented at fig 2-8. As a part of PIOX, the PIOX-16 signal
specifications are listed in table 2-15, whereas signal specifications for PIOX add-on connector are listed
table 2-16.

PIOX add-on
Connector

PIOX-16
Connector

Fig.2-8. PIOX connector pinout (top view).

Table 2-16. PIOX 32-bit add-on connector signal description.

Signal name signal description
type
A18..A20 O Extra SB address lines.
D16..D31 /0 16-bit MSW of SB data bus.

BYTE (0] Defines 8-bit (byte) SB data cycle ( BYTE =0). The byte selection signals BS0/BS1
define actual byte #0..#3 (byte #0 is LSB) inside 32-bit SB data word, which will be
selected with active STB  signal. If none of BYTE and W16 signals is active, then
current SB access cycle has 32-bit data format.
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wi6 (0] Defines 16-bit (halfword) SB data cycle (W16 =0). The halfword selection signal W0
define actual halfword #0/#1 (halfword #0 is LSW) inside 32-bit SB data word, which

will be selected with active STB  signal. If none of BYTE and W16 signals is active,
then current SB access cycle has 32-bit data format.

BSO Least significant bit of byte selection signals (BS0, BS1) for 8-bit SB data cycle. Valid
during valid BYTE =0 signal only.

BS1/WS Most significant bit of byte selection signals (BS0, BS1) for 8-bit SB data cycle
( BYTE =0) or 16-bit halfword selection signal (WS) for 16-bit SB data cycle (W16 =0).

GND Ground.
+5v +5v power (from ISA-bus).
Note: 1. Signal type is denoted as the following: /- input, O - output, Z - high impedance.

2. All logical signal levels and load currents correspond to that for CMOS/TTL signals.

PIOX Data Transfer Cycles

PIOX interface site of ORNADO-62/67 supports 8/16/32-bit PIOX dataaess cycles. Particular type PIOX
data &cess cycle is defined y¥7E and wis PIOX signals as the following:

« { BYTE=0, wi6=1} state corresponds tiyte (8-bit) PIOX data access cyc®election of particular
byte (#0..#3) within addressed 32-bit data word id performe®8g¢,(BS1) byte selection signals.

+ { BYTE=1, wi6 =0} state corresponds fi6-bit half-word PIOX data access cycielection of
particular 16-bit half-word (#0..#1) within addressed 32-bit data word id perform88 byV0
signals. SignaBSO0 is ignored.

« { BYTE=1, wi6=1} state corresponds 82-bit word PIOX data access cyc(8S0, BSI) signals
are ignored in this mode.

« {BYTE=0, w16 =0} state is reserved.

PIOX-16 Data Transfer Cycles

PIOX-16 interface site of ORNADO-6x supports 16-bit data transfer cycles only, and, therefore PIOX-16
connector does not contain the cycle definition signals.

Data Transfer Strobe for PIOX/PIOX-16

The PIOX/PIOX-16 data transfer timing is presented at fig.2-9. This data transfer timing is known as the
industry standard MOTO mode and assumes usage of data strobe signal and write enable signal.
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~——10ns min
‘ <10ns min™|
30ns|min
5ns
10ns bl 10ns—*
STB : — |
L 5ns —|
WE
Address K k.
Data —<:>- k|
PIOX_RDY
MEMORY READ MEMORY WRITE

Fig.2-9. Timing diagram of PIOX/PIOX-16 data transfer strobe.

Generating Reset Signal for SIOX and PIOX/PIOX-16 Expansion Interf — ace Sites

TORNADO-6x generates reset signal for SIOX and PIOX/PIOX-16 expansion interface sites (refer to the
corresponding sections later in this chapter) as the logical OR of the following conditions:
* DSPisin the resetae as set by th_GO bit of CONTROL REGISTER from host ISA-bus 1/0
interface
» XRESET IOX flag is set by the on-board DSP software.

This allows correct initialization of the SIOX/PIOX daughter-card hardware and correct synchronization with
the DSP software.

XRESET flag might be set by the TMS320C6x DSP software by meansitoigvto the XRESET 1/O port in
the 10X area (refer to table 2-2). Note, that when writing or reading to@BSET 10X register, only bit
DO is valid.

In case the DSP reset signal is released, the reset signal for SIOX/PIOX expansion interface sites might be
active when theXRESET flag is set to logical ‘1" by the DSP software, thus providing optional reset for
SIOX/PIOX daughter-card hardware, and providing correct synchronization withSResoftware. Wting

logical ‘0’ to the XRESET flag, which is the default value on the DSP resdt,release the reset signal for
SIOX/PIOX expansion interface sites and will allow operation of the SIOX/PIOX daughter-card hardware.

Physical Dimensions for PIOX/PIOX-16 Daughter- card M odules

Physical dimensions for PIOX and PIOX-16 daughter-card modules are presented at fig.2-10. This informatic
is intended for thos@ ORNADO customers, who need to design customized PIOX or PIOX-16 daughter-card
modules.
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A PIOX add-on connector: DDK DHB-Px30 B

Fig.2-10. Physical dimensions for PIOX (A) and PIOX-16 (B) daughter-card modules.

2.7 Serial I/O Expansion Interface Sites (SIOX)

TORNADO-6x architecture provides expansion of the on-board TMS320C6x 1/O resources via on-board serial
I/O expansion interface sites (SIOX) (refer to fig.1-1 and fig.2-2), which are designed to carry compatible
daughter-card modules.

TORNADO-62/67 provides two on-board SIOX sites (SIOX-A and SIOX-B), wherd@@RNADO-
62MX/67MX offers one on-board SIOX site.

On-board SIOX sites ofORNADO-6x are compatible with SIOX sites for allORNADO DSP systems for
PC andTORNADO-E/EL/SX stand-alone DSP controllers.

Available SIOX daughter cards fofORNADO include a variety of AD/DA/DIO daughter cards for
telecommunication, g@ch and audio signal processing, indaktaind instrumentation applications, and many
more.

Description

Each SIOX site (SIOX-A and SIOX-B) comprises of signals for SIO-0 and SIO-1 serial ports, TMS320C6x
DSP on-chip TM-0/2imers and interrupts control, as wellSP reset signal and ISA-bus power supply lines
(fig.2-11).
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Fig.2-11a. SIOX sites connection diagram for TORNADO-62/67.

Fig.2-11b. SIOX sites connection diagram for TORNADO-62MX/67MX.

The SIO-0 and SIO-1 ports of SIOX-A site GTIORNADO-62/67 and of SIOX site of TORNADO-

62MX/67MX are connected to the TMS320C6x DSP on-chip McBSP-0 and McBSPil gerts
correspondingly.

However, the SIO-0 and SIO-1 ports of SIOX-B site T@MRNADO-62/67 are connected either to the
TMS320C6x DSP on-chip McBSP-0 and McBSP-liadeports correspondingly (direct connection) or vise-
versa (cross-wire connection).

Maximum throughoutput of SIO-0/1 serial ports of SIOX site§ GIRNADO-6x DSP systems is 200Nts.
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External analog and digital 1/0O signals for installed SIOX daughter-card modules should be attached by means
of the SIOX on-module 1/0 connector via rear panel of host PC.

Installation of SIOX Daughter- card M odules onto TO RNADO-6x Mainboard

Figure 2-12 shows installation of SIOX daughter-card modules 8WBNADO-62/67 and TORNADO-
62MX/67MX mainboard.

CAUTION

The on-board area for SIOX-B site BORNADO-62/67 is shared with the on-board ared
for UECM emulation control daughter-card module. Either SIOX-B/BICM daughter-card
module can be installed onfdRNADO-62/67 mainboard.

[TomNADO-S28T| E30E-A
DEP System Daughter-Card
Mainboard | Meduile

Analog |
- 1D Signals
Conneciors

Digital
| 1'0 Bigmals
1= Cennectors

’ A " ‘
UECM BIOX -8
Sahe Cussghter-Card
| Consschbes Wil

Fig.2-12a. TORNADO-62/67 mainboard with SIOX-A and SIOX-B daughter-card modules.
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Fig.2-12b. TORNADO-62/67 mainboard with SIOX-A and UECM daughter-card modules.

CAUTION

The SIOX site onTORNADO-62MX/67MX mainboard is identical to SIOX-A site of
TORNADO-62/67 and appears as two on-board parallel SIOX sites. Installation of SI{pX
daughter-card module is allowed into anyone of these SIOX sites, however only one HOX

daughter-card module can be installed at a time.

The horizontal SIOX site is used for installation of compatible SIOX daughter-card mofule
in case theFORNADO-62MX/67MX mainboard is installed into the standard desktop HLC
with external peripherals connection via rear panel of PC chassis.

The vertical SIOX site is used for installation of compatible SIOX daughter-card modulg in
case theTORNADO-62MX/67MX mainboard is installed into industrial MicroPC chassk
and the external peripherals connects via top panel of MicioEt@ssis.
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Fig.2-12c. TORNADO-62MX/67MX mainboard with SIOX daughter-card module for installation into
standard desktop PC chassis.

Fig.2-12d. TORNADO-62MX/67MX mainboard with SIOX daughter-card module for installation into
industrial MicroPCO chassis.

SIOX site connector

SIOX site connector is an industry standard dual-row 26-pin female header with 0.1"x0.1” pin pattern. SIOX
connector pinout is presented at fig.2-13 and signal specifications are listed in table 2-17.
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Fig.2-13. SIOX connector pinout (top view).

Table 2-17. SIOX signal specification.

SIOX signal name signal description
type

SIO-0 port control

DX0 0O/z Data, frame synchronization and serial clock signals for transmitter of SIO-0 port of SIOX
FSX0 1/10/1Z site. For SIOX-A site of TORNADO-6x DSP systems these signals correspond to the
CLKX0 11012 TMS320C6x DSP on-chip McBSP-0 serial port transmitter and are wired directly to its

pins. For SIOX-B site of TORNADO-6x DSP systems these signals might be configured
by on-board J4 jumper set to connect to the transmitter of either McBSP-0 or McBSP-1
serial port of TMS320C6x DSP.

DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port of SIOX
FSRO 1/10/Z site. For SIOX-A site of TORNADO-6x DSP systems these signals correspond to the
CLKRO 11012 TMS320C6x DSP on-chip McBSP-0 serial port receiver and are wired directly to its pins.

For SIOX-B site of TORNADO-6x DSP systems these signals might be configured by
on-board J4 jumper set to connect to the receiver of either McBSP-0 or McBSP-1 serial
port of TMS320C6x DSP.

SIO-1 port control

DX1 0O/z Data, frame synchronization and serial clock signals for transmitter of SIO-1 port of SIOX
FSX1 1/10/1Z site. For SIOX-A site of TORNADO-6x DSP systems these signals correspond to the
CLKX1 11012 TMS320C6x DSP on-chip McBSP-0 serial port transmitter and are wired directly to its

pins. For SIOX-B site of TORNADO-6x DSP systems these signals might be configured
by on-board J4 jumper set to connect to the transmitter of either McBSP-0 or McBSP-1
serial port of TMS320C6x DSP.

DR1 | Data, frame synchronization and serial clock signals for receiver of SIO-1 port of SIOX
FSR1 1/10/Z site. For SIOX-A site of TORNADO-6x DSP systems these signals correspond to the
CLKR1 11012 TMS320C6x DSP on-chip McBSP-0 serial port receiver and are wired directly to its pins.

For SIOX-B site of TORNADO-6x DSP systems these signals might be configured by
on-board J4 jumper set to connect to the receiver of either McBSP-0 or McBSP-1 serial
port of TMS320C6x DSP.
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DSP Timers, Reset and Interrupt Requests

T™-0 1/10/Z Configured by on-board J8 jumper as either input for the TMS320C6x DSP on-chip
Timer-0 (J8 jumper is not installed) or as output from the TMS320C6x DSP on-chip
Timer-0 (J8 jumper is installed).

T™-1 1/10/Z Configured by on-board J9 jumper as either input for the TMS320C6x DSP on-chip
Timer-1 (J9 jumper is not installed) or as output from the TMS320C6x DSP on-chip
Timer-1 (J9 jumper is installed).

RESET o] Reset signal ( RESET =0) for the on-board SIOX and PIOX/PIOX-16 expansion
interface sites, which is logical OR of the following conditions:

. DSP is in the reset state
. XRESET IOX flag register is set by the DSP software via(refer to table 2-2).

IRO-0, IRQ-1 I Active low external interrupt request lines for the on-board TMS320C6x DSP chip.

IRQ-2 These line are pulled up with the on-board resistor, so it is recommended to configure

these external interrupt requests as inverse polarity external interrupt requests by means
of programming the TMS320C6x DSP on-chip External Interrupt Polarity register to the
0x0000000F value.

Both negative static and negative pulse interrupt requests are supported. Actual
TMS320C6x DSP external interrupt requests (EXT_INT4...EXT_INT6) will be generated

on the falling edge (1-0) of IRQ-0 .. IRQ-2 signals.

Power Supplies
GND Ground.
+5v +5v power (from ISA-bus).
+12v +12v power (from ISA-bus).
-5v -5v power (from ISA-bus).
-12v -12v power (from ISA-bus).
Note: 1. Signal type is denoted as the following: /- input, O - output, Z - high impedance.

1.  Alllogical signal levels and load currents correspond to that for CMOS/TTL signals.

Corres pondence between SIO-0/SI0-1 ports of SIOX-A site and TMS  320C6x DSP on-chip
McBSP serial ports

The SIO-0 and SIO-1 ports of SIOX-A site GTORNADO-62/67 and of SIOX site of TORNADO-
62MX/67MX are connected to the TMS320C6x DSP on-chip McBSP-0 and McBSPil gerts
correspondingly.
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Configuring SIO-0/S10-1 ports of SIOX-B site for TO RNADO-62/67

The SIO-0 and SIO-1 ports of SIOX-B site GIORNADO-62/67 might be connected either to the
TMS320C6x DSP on-chip McBSP-0 and McBSP-liadgrorts correspondingly (“direct” connection) or vise-
versa (“cross-wire” connection).

This delivers flexibility in selection of th®SP seial ports for application, simplifies software design and
allows simultaneous installation of two SIOX daughter card modules BONADO-6x board, most of
which utilize only SIO-0 serial port of SIOX interface.

In TORNADO-62/67 DSP systems the selection between SIO-0/1 ports of SIOX-B site and TMS320C6x DSP
on-chip McBSP-0/1 serial ports is configured by means of the on-board jumper array J4 (refer to fig.2-1a ar
fig.A-1). Only two configurations are available: “direct”-wiring (McBSP-0SIO-0, McBSP-1- SIO-1) and
“cross”-wiring (McBSP-1 - SIO-0, McBSP-0- SIO-1). Available installations of the J4 jumper set are
presented at figure 2-14.

S10-1 = McBSP-1 S10-0 = McBSP-0 S10-1 = McBSP-1 S10-0 = McBSP-0

Fig. 2-14. *“Direct” (A) and “cross” (B) wiring configurations of SIO-0/1 ports for SIOX-B site for
TORNADO-62/67.

Generating Reset Signal for SIOX and PIOX/PIOX-16 Expansion Interf — ace Sites

TORNADO-6x generates reset signal for SIOX and PIOX/PIOX-16 expansion interface sites (refer to the
corresponding sections later in this chapter) as the logical OR of the following conditions:
* DSPisin the resetae as set by th_GO bit of CONTROL REGISTER from host ISA-bus 1/0
interface
» XRESET IOX flag is set by the on-board DSP software.

This allows correct initialization of the SIOX/PIOX daughter-card hardware and correct synchronization with
the DSP software.



68 TORNADO-6x. User’s Guide.

XRESET flag might be set by the TMS320C6x DSP software by meansitoigvto the XRESET 1/O port in
the 10X area (refer to table 2-2). Note, that when writing or reading to@BSET 10X register, only bit
DO is valid.

In case the DSP reset signal is released, the reset signal for SIOX/PIOX expansion interface sites might be set
active when theXRESET flag is set to logical ‘1" by the DSP software, thus providing optional reset for
SIOX/PIOX daughter-card hardware, and providing correct synchronization withSResoftware. Wting

logical ‘0’ to the XRESET flag, which is the default value on the DSP resdt,release the reset signal for
SIOX/PIOX expansion interface sites and will allow operation of the SIOX/PIOX daughter-card hardware.

Connecting External Clocks to McBSP-0/McBSP-1 Serial Ports

TORNADO-6x DSP systemsllow connection of external clock source to 8P on-chip McBSP-0 and
McBSP-1 serial ports. These clocks are known as CLKS-0 and CLKS-1 signals in accordance with TI
TMS320C6x specifications. Usage of CLKS-0/1 external clocks folDthe on-chip McBSP-0/1 dat ports
delivers outstanding flexibility in generation of virtually any data transfer frequency for the McBSP-0/1 serial
ports in order to meet the requirements of any application.

External clock source signals CLKS-0/1 for each of the McBSP-0/1 serial ports independently are available via
either of the following signal sources:
* via JP6 (for McBSP-0 port) and JP7 (for McBSP-1 port) on-board connectors (refer to fig.2-1a and
fig.A-1)
* via 5v TTL/ICMOS crysal generators in the DIP-8 package, which might be installed into the S2 (for
McBSP-0 port) and S3 (for McBSP-1 port) on-board sockets (refer to fig.2-1a and fig.A-1).

Details of JP6/JP7 connector specifications and location of the S2/S3 crystal generators sites for connection of
clock source signals CLKS-0/1 for McBSP-0/1 serial ports are shown at figure 2-15.

Selection of the CLKS-0/1 source clock as the timing source clock for the McBSP-0/1 inssid offock is
performed by means of programming tBSP on-chip McBSP-0/1 control registers. Refer to original TI
TMS320C6x documentation for getting more information on programming the McBSP serial ports.

TN

52 S2:. Socket for McBSP-0 CLK generator
= Pin#1

33 S3: Socket for McBSP-1 CLK generator

——

Fig. 2-15. McBSP-0/McBSP-1 External Clock Connectors and Crystal Generators Sites.
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Physical Dimensions for SIOX Daughter- card M odules

Physical dimensions for SIOX daughter-card module are presented at fig.2-16. This information is intended fc
thoseTORNADO customers, who need to design customized SIOX daughter-card modules.

0.700*
SIOX N g
Connector _0.675" | max 0.200“ <
y - —— ES y
: R H‘V\ K I User
———————————— N b= ! Installed
= ' Components
o |
———— |
. I
E ‘ (o] § |
~ ‘ - |
I
| |
0.350* | I !
> !
| N A !
[ 4 |
A | _
1.650 ... 3.000“
< 1/0 Signals

Connector

SIOX connector: 20-pin or 26-pin straight dual-row mail header
(0.025" Sq., 0.1“x0.1" pattern)

Recommended connector for Analog I/0: DDK DHA-RC14-R 122N
DDK DHA-RC20-R122N
DDK DHA-RC26-R 122N

Fig.2-16. Physical dimensions for SIOX daughter-card modules.

2.8 Emulation Tools for TORNADO-6x

TORNADO-6x uses scan-path emulation technique for the on-board TMS32DSBxin order to debug
resident TMS320C6x DSP environment and software. @tiliip scan-path emulation tools, which can be
used withTORNADO-6x are as the following:
» external TI XDS510 and MicroLABMIRAGE-510D universal JTAG scan-path emulators
* low cost emulation controller chifeCC) for TORNADO-62MX/67MX, which plugs into the
dedicated on-board socket BORNADO-62MX/67MX mainboard
* low cost universal emulation control daughter-card moduleGM) for TORNADO DSP systems,
which plugs into the dedicated site B@RNADO-62/67. UECM convertsTORNADO-62/67 DSP
system into universal emulator for all TI TMS3RSP if used with optional external buffer pod,
which is compatible wittMIRAGE-510D emulator.
e TIHLL Debuggers and GoDSP Code Composer IDE as the debugging environments for TMS320
DSPs, which run witfall of the dove emiator tools ECC, UECM , TI XDS510 and MicroLAB’
MIRAGE-510D universal scan-path emulators).
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CAUTION

The DSP must be released from the ‘RESHatesand placed into the ‘RUN’ state prior
running Tl C6x HLL Debugger or GoDSP C6x Code Composer IDE for debugging the|pn-
board C6x DSP chip oFORNADO-6x DSP system via JTAG path (usg0 command line

option of T6CC. EXE software utility).

It is recommended that tHle6CC. EXE software utility will be invoked with ther command
line option just after the host power on or after any software trouble situation. This wjl
guarantee that the DSRIMbe put into known state after tiESP wil be released from the
‘RESET’ state prior running the Tl C6x HLL Debugger ord&® C6x Code Composer IDH

TORNADO-62/67 on-board JTAG path for c onnection to external JTAG emulator

TORNADO-62/67 on-board JTAG path for connection to external Tl XDS510 or MicroLABRAGE-

510D JTAG emulator is presented at figure 2-17 (see also fig. 2-1 and fig. A-1) and comprises of JTAG-IN
connector (JP4), TMS320C6x JTAG port, JTAG-OUT connector (JP5) and JTAG path terminating jumper
(J5).

JP5 JP4
A— A—
JTAG-OUT JTAG-IN
i < i <
Q:‘ — S D:‘ — S
A A A A A A A
JTAG path T T T vivy
Terminator
J5 [3
TDI
TDO

™S

DSP TCK

TRST
EMU-0/1

Fig. 2-17. On-board JTAG path for connection external JTAG emulator to TORNADO-62/67.

The on-board JTAG-IN connector should be used for connection of either external JTAG emulator or for
connection to the JTAG-OUT connector of ‘previous’ JTAG device in the JTAG path.

The on-board JTAG-OUT connector should be used in case another JTAG device(s) is(are) included in the
same JTAG path ‘afterTORNADO-62/67 board. In this case, the succeeding JTAG device should connect to
JTAG-OUT connector ofORNADO-62/67 using JTAG EXTENSION CABLE in the daisy-chain manner.

Last JTAG device should terminate JTAG path and return JTARG® signal back to the emulator, which is
connected to the first JTAG device in JTAG path. JTAG devices, included into the JTAG path together with
TORNADO-62/67 board, might include any JTAG supporting devices without any restrictions (logic, FPGA,
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other DSPs, etc). However the debugger JTAG path coafigar file for JTAG emulator must accurately

specify all JTAG devices in JTAG path.

CAUTION

TORNADO-62/67.

JTAG device in JTAG path.

JTAG path, andfORNADO-62/67 is not the last JTAG device in JTAG path.

The TORNADO-62/67 on-board J5 jumper is used for termination of JTAG path on
J5 jumper should set to ON (installed) oT@RNADO-62/67 is either the only or the last

J5 jumper should set to OFF (removed) once two or more JTAG devices are included

CAUTION

connector, then the succeeding JTAG devices should use the JTAG @éi&udtock
source, which outcomes from the JTAG-OUT connectaf@RNADO-62/67.

In caseTORNADO-62/67 is used with other JTAG devices connected to the JTAG-OU

Using external JTAG emulator with single TO  RNADO-62/67 board

nto

If external TI XDS510 or MicroLAB’ MIRAGE-510D JTAG emulator is used for debugging single

TORNADO-62/67 board, then this emulator should connect to the dedicated on-board JTAG-IN connector or
TORNADO-62/67 mainboard with the J5 JTAG terminator jumper installed and the JTAG-OUT connector

left unconnected (fig. 2-18). In this case the debugger JTAG path configuration file for JTAG emulator shoulc
be normally omitted (refer to your debugger users’'s guide for details how to handle the JTAG patt

configuration file).
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JTAG-IN JTAG Emulator
DSP ‘E XDS-510 (TI)

MIRAGE-510D (MicroLAB Systems)

board #1 B
1 I I [
IBM PC

JTAG terminator (J5) \
installed. | |

Fig. 2-18. Connection of external JTAG emulator to single TORNADO-62/67 board.

Using external JTAG emulator with multiple TO  RNADO-62/67 boards

If either TI XDS510 or MicroLAB' MIRAGE-510D universal JTAG emulator is used for debugging either
multiple TORNADO-62/67 boards orTORNADO-62/67 board with other JTAG devices (othEORNADO
boards, FPGA, other DSPs) in the same JTAG path, then thiatemshould connect to the on-board JTAG-
IN connector (JP4) of the ‘firsTORNADO-62/67 board in JTAG-path (see fig. 2-19).

The on-board JTAG-OUT connector (JP5) of the “first’ and ‘intermediate’ boards should connect to the ‘next’
JTAG device in the JTAG path using JTAG EXTENSION CABLE in the daisy-chain manner.

The ‘last’ JTAG device in JTAG path should terminate JTAG path via J5 JTAG terminator jumper and return
the JTAGTDO signal back to JTAG emulator, which is connected to the first JTAG device in JTAG path.

The debugger JTAG path configuration file for JTAG emulator must accurately specify all JTAG devices in the
JTAG path (refer to your debugger users’s guide for details how to handle the JTAG path configuration file).

i

JTAG Emulator

:

board #N

XDS-510 (TI)
MIRAGE-510D (MicroLAB Systems)

board #2

Last board Intermediate board First board

in JTAG path. in JTAG path. in JTAG path. IBM PC |
JTAG terminator (J5) JTAG terminator (J5) JTAG terminator (J5) | tmmmm e — —— !
installed. not installed. not installed.

Fig. 2-19. Connection of external JTAG emulator to multiple TORNADO-62/67 boards.
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TORNADO-62/67 on-board JTAG path for UECM emulator da ughter- card m odule

UECM is actually the low-cost replacement for external XIDS510 and MicroLAB’ MIRAGE-510D
universal JTAG emulators, however it does not require external JTAG pod for connecli@Rf¢ADO-
62/67 board via JTAG-IN connector. Instead, the on-bo@@RNADO-62/67 hardware provides direct
connection of thetUECM JTAG port to the on-board TMS320C6x DSP in c&a#eCM is installed and
configured for operation with on-boafSP. Thereforeall available JTAG-path configurations f&fECM is
are similar to that with external JTAG emulator.

TORNADO-62/67 on-board JTAG path for connection to low-cost MicroLABECM universal JTAG
emulator daughter-card module fBORNADO DSP systems is presented at figure 2-20 (see also fig. 2-1 and
fig. A-1) and comprises dJECM site header connector (JP8), TMS320C6x JTAG port, JTAG-OUT connector
(JP5) and JTAG path terminating jumper (J5).

JP5
JTAG-OUT
i
A A A A A JP8
JTAG path T T UECM Site
Terminator ’ Header
J5
[ o—e
—» TDO
DI <— 7D/
TDO ’—« ™S
T™S f TCK
DSP TCK &> TCK_RET
TRST < TRST

EMU-0/1

» Emu-0/1
Fig. 2-20. On-board JTAG path for connection UECM to TORNADO-62/67.

UECM might be configured to connect either to the on-board TMS320C6x DSP or to any external
TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP via optional MPSD or JTAG pod. This coafigar is
performed by theT6CC.EXE software utility, which is included with th#ORNADO-62/67 board (see
chapter 4).

UECM runs under the industry standard Tl C6x HLL Debugger and GoDSP C6x Code Composer IDE, when
is configured for debugging thEORNADO-62/67 on-board C6x DSP environment, and runs under any of Tl
C2xx, C3x, C4x, C5x, C54x, C6x HLL Debuggers or any of GODSP C2xx/C5x, C3x/C4x, C54x and C6x
Code Composer IDEs, when it is used for emulation of external TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSF
via optional MPSD or JTAG pod.
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CAUTION

OnceUECM is installed ontaf ORNADO-62/67 mainboard and configured for connectioj
to the on-board DSP, then the on-board hardware disconnects the JTAG-IN (JP4) conjpector
from on-board JTAG-path.

In this case the external TI XDS510 or MicroLABI/IRAGE-510D emulator, which is
connected to JTAG-IN connect@lORNADO-62/67 is ignored and its operation does no
effect the functionality ofORNADO-62/67 board.

Using UECM with single TO RNADO-62/67 board

If UECM is used for debugging singlBORNADO-62/67 board, thenJECM should install onto this boardto

the dedicated/ECM site header (JP8) chORNADQO-62/67 mainboard with the J5 JTAG terminator jumper
installed and the JTAG-OUT connector left unconnected (fig. 2-21). In this case the debugger JTAG path
configuration file forUECM should be normally omitted (refer to your debugger users’s guide for details how
to handle the JTAG path configuration file).

[JTAG-OUT | [JTAG-IN |

DSP

J5

board #1
1 I

JTAG terminator (J5)
installed.

Fig. 2-21. Connection of UECM to single TORNADO-62/67 board.

Using UECM with multiple TO RNADOQO-62/67 boards

If UECM is used for debugging either multipTf®©ORNADO-62/67 boards orTORNADO-62/67 board with
other JTAG devices (otheFORNADO boards, FPGA, other DSPSs) in the same JTAG path, theGM
should install onto the firstTORNADO-62/67 board in JTAG-path (see fig. 2-22).

The on-board JTAG-OUT connector (JP5) of the “first’ and ‘intermediate’ boards should connect to the ‘next’
JTAG device in the JTAG path using JTAG EXTENSION CABLE in the daisy-chain manner.

The ‘last’ JTAG device in JTAG path should terminate JTAG path via J5 JTAG terminator jumper and return
the JTAGTDO signal back to JTAG emulator, which is connected to the first JTAG device in JTAG path.

The debugger JTAG path configuration file for JTAG emulator must accurately specify all JTAG devices in the
JTAG path (refer to your debugger users’s guide for details how to handle the JTAG path configuration file).
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JTAG-IN

| H
DSP DSP J5
board #N = board #2 . board #1
n
|
Last board Intermediate board First board
in JTAG path. in JTAG path. in JTAG path.
JTAG terminator (J5) JTAG terminator (J5) JTAG terminator (J5)
installed. not installed. not installed.

!

Fig. 2-22. Connection of UECM to multiple TORNADO-62/67 boards.

Using UECM for emulation external TI TMS 320 DSPs

UECM also converts TORNADO-62/67 into universal scan-path emulator for any external
TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP. This feature requires optional external MPSD (C3x) or JTAG
(C2xx/CAx/C5x/C54x/C6x) pod connected t&¢ECM. This optional external pod also connects to target
TMS320 DSP. The MPSD and JTAG pods t8ECM are the pods used with MicroLABWIRAGE-510D
emulator.

) External DSP
J m 15 System
DSP
y |

JTAG
MPSD
connector

Fig. 2-23. Connection of UECM to external TMS320 DSP via optional MPSD or JTAG path.

When UECM is configured for emulation of any external TMS320C2xx/C3x/C4x/C5x/C54xMBR via
optional MPSD or JTAG pod, then it may run under any of Tl C2xx, C3x, C4x, C5x, C54x, C6x HLL
Debuggers or any of GoODSP C2xx/C5x, C3x/C4x, C54x and C6x Code Composer IDEs.



76 TORNADO-6x. User's Guide.

CAUTION

OnceUECM is installed ontaf ORNADO-62/67 mainboard and configured for connectioj
to external TMS320 DSP via optional MPSD or JTAG pod, then the on-board hardwi;e
disconnectdJECM from on-board JTAG-path and configures the on-board JTAG-path
connection to external TI XDS510 or MicroLABIIRAGE-510D emulator via JTAG-IN
(JP4) connector.

This allows any of single- or multi- board JTAG-path device configurations in accordajce
with the described above for externalXIDS510 or MicroLAB’ MIRAGE-510D emulator.

TORNADO-62MX/67MX on-board JTAG-path

The on-board JTAG path oFORNADO-62MX/67MX (fig.2-24) comprises of JTAG-IN connector (JP4),
TMS320C6x DSP and theCC (emulation control chip, also known as TBC) socket site (S4).

JP4

~
w
o
x
S
=

N
| [
o - v 2
Q Q = ﬁ “c’:) =
= = = ~ I~ w
A A
A\ 4
4 ;)
A
inle ™ . <— TDI
TDO » 700
D SP ™S < < TMS
TCK < < TCK ECC
TRST < <4 TRST
EMU-0/1 [« » EmMu-0/1

Fig. 2-24. On-board JTAG path of TORNADO-62MX/67MX.

JTAG-IN connector is designed for connection of external TI XDS510 or MicrolMIRAGE-510D JTAG
emulator, and is actually paralleld with optional on-bda&iC.
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CAUTION

If TI XDS510 or MicroLAB” MIRAGE-510D universal scan-path emulator is being use
with TORNADO-62MX/67MX, then the emulation controller chie€C) should be
switched off, and vise-versa.

Connection of external XDS510 aMiRAGE-510D emulators to th§ ORNADO-
62MX/67MX on-board JTAG-IN connector whilECC is installed and is configured to
connect to the on-board TMS320C6x DSP is strongly prohibited and may resahagel of
either ECC or external XDS510 anf/IRAGE-510D emulators.

CAUTION

JTAG path of TORNADO-62MX/67MX does not provide the dedicated JTAG
‘multiprocessor-chaining’ hardware (JTAG-OUT connector and JTAG path terminatady).

When either of external JTAG emulator€C is used for emulation thEORNADO-
62MX/67MX on-board TMS320C6x DSP, then JTAG fitiprocessor-chain’ mode is not
allowed as standard with this JTAG connection.

Should the user consider to UBBRNADO-62MX/67MX in JTAG ‘multiprocessor-chain’
while emulating the on-board TMS320CBSP, then optional external JTAG-path IN/OUJ|
splitter is required. Call MicroLAB Systems for details.

Using external JTAG emulator with TO RNADO-62MX/67MX

If external Tl XDS510 or MicroLAB' MIRAGE-510D JTAG emulator is considered for debugging the
TORNADO-62MX/67MX on-board TMS320C6x DSP environment, then thislatoushould connect to the
dedicated on-board JTAG-IN connector BORNADO-62MX/67MX mainboard (see fig.2-1, fig.2-25 and fig.

A-1).
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JTAG-IN

t,

TORNADO-6xMX

JTAG Emulator

XDS-510 (TI)
MIRAGE-510D (MicroLAB Systems)

DSP

IBM PC

I
,,,,,,,,,,,,,,,,,,,,, |

Fig. 2-25. Connection of external JTAG emulator to TORNADO-62MX/67MX.

CAUTION

If TI XDS510 or MicroLAB” MIRAGE-510D universal scan-path emulator is being use
with TORNADO-62MX/67MX, then the emulation controller chie€C) should be
switched off.

Connection of external XDS510 aMiRAGE-510D emulators to th&§ ORNADO-
62MX/67MX on-board JTAG-IN connector whilECC is installed and is configured to
connect to the on-board TMS320C6x DSP is strongly prohibited and may resahagel of
either ECC or external XDS510 anf/IRAGE-510D emulators.

Using ECC for emulation the TO RNADO-62MX/67MX on-board TMS320C6x DSP

In case TORNADO-62MX/67MX is used inside the closed computer package, or external TI XDS510 or
MicroLAB’ MIRAGE-510D universal JTAG emulator is not available, then optioB&IC (emulation
conroller chip, also known as TBC) is recommended for emulatioRORRNADO-62MX/67MX on-board
TMS320C6x DSP.

ECC is a low-cost replacement for external TI XDS510 and MicroLAMBRAGE-510D universal JTAG
emulators and installs into the dedicated S4 sockef@RNADO-62MX/67MX mainboard (fig.2-26)ECC
does not require external JTAG pod for connection TGRNADO-62MX/67MX board via JTAG-IN
connector. Instead, the on-boaF@RNADO-62MX/67MX hardware provides direct connection of HEC
JTAG port to the on-board TMS320C6x DSP in c&&XC is installed.
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2 " psp

TORNADO-6xMX

Fig. 2-26. Connection of ECC to TORNADO-62MX/67MX on-board TMS320C6x DSP.

ECC runs under the industry standard TI TMS320C6x HLL Debugger and GoDSP TMS320C6x Code
Composer IDE.

Note, thatECC might be activated and allocated into the host PC-bus I/O area by meansT6lGGeEXE
software utility, which is included with thEORNADO-62/67 board (see chapter 4).

CAUTION

OnceECC is installed, then the externdDS510 orMIRAGE-510D emulator should be
disconnected from the JTAG-IN connectorTdRNADO-62MX/67MX.

Connection of external XDS510 anMiRAGE-510D emulators to th&§ ORNADO-
62MX/67MX on-board JTAG-IN connector whilECC is installed and is configured to
connect to the on-board TMS320C6x DSP is strongly prohibited and may resahagel of
either ECC or external XDS510 anf/IRAGE-510D emulators.

2.9 Software Development Tools

TMS320C6x DSP is now an industry standard DSP and is supported by a variety of software development toc
from multiple 3° party vendors.

Compilers and Debuggers

Software development fofORNADO-6x is supported by TI TMS320C6x DSP tpizing C Compiler and
Assembly Language Tools.

Debugging of TMS320C6x DSP resident software T@dRNADO-6x is supported by Tl HLL Debugger
(Wwww.ti.com and TMS320C6x Code Composer IDE from GoDSP Cuanpw(go-dsp.coj Both debuggers
require either on-board optional emulation controller clBEC) installed for TORNADO-62MX/67MX or
UECM emulation control daughter card module installed T’RNADO-62/67, which may ship together
with TORNADO-6x DSP system.
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Hypersignal RIDE Visual DSP Algorithm  Development and Simulation Tool

TORNADO-6x DSP systems are supported by DSP algorithm development tools from Hyperception Inc
(Hypersignal Block Diagram, RIDE and Code Generator). Hypersignal RIDE is the visual real-time integrated
DSP algorithm development and silaion environment for Windows 95/NT, and allows design entry using
high-level function blocks (FIR, FFT, math, etc). The desigD&®P algorithm is compiled and loaded into
TORNADO-6x during design process in order to evaluate the algorithm parameters for real-time execution
and to benefit from the ultra-high performancd GIRNADO-6x DSP systems.

Real-time Multitask ing Op erating Systems (RTOS)

TORNADO-6x is supported by multiple RTOS that provide multitasking capabilities:

*  VIRTUOSO from Eonic Systems Inafww.eonic.comis an industry standard high-performance
RTOS and provides full feature multitasking support. It comes standard with capabilities for host file,
keyboard and screen text/graphics 1/O from DSP environmemMQRNADO-6x host ISA-bus
interface, and is available with a wide selection of function librarie®$#t,math, matrix, 2D, etc.
computations.

e NUCLEUS PLUS from Accelerated Technology Ineajw.atinicleus.comis an industry standard
single-processor high-performance RTOS and provides full feature multitasking support. It features
low cost and comes standard with source codes. Available options iNU@LEUS FILE,

NUCLEUS NET, andNUCLEUS DBUG+ that also come in source codes.

« SPOX from Spectron Microsystems Inaagw.sgctron.comis an industry standard RTOS for DSP
that provides multitasking support. It is available with a selection of function librariBsStemath,
matrix, etc. computations.

Application Softw are Tools for TO RNADO-6x

Application specific tools foTORNADO-6x DSP system include a variety of function libraries for D@Rth,
vector, image, etc computation, as well as function libraries for vocoder/fax/modem applications and audio
multimedia.
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Chapter 3. Installation and Configuration

This chapter includes instructions for configuring and installatiof @RNADO-6x DSP system into host
ISA-bus PC.

3.1 Setting I/0O Base Address for Host ISA-bus 1/O
Interface

You have to setup ISA-bus I/O base address for host ISA-bus I/O interfA@RNADO-6x prior installation
of TORNADO-6x board into ISA-bus slot of host PC. This procedure should be done while host PC power is
switched off.

I/O base address for host ISA-bus 1/O interfac@ @RNADO-6x is configured by means of on-board 3-button
DIP-switch SW1 (refer to fig.2-2 and fig.A-1) in accordance with configuration setting in table 2-7.

CAUTION

When setting 1/0 base address for host ISA-bus 1/O interface be sure to check 1/0 tﬂse
address for other hardware installed in your host PC in order to avoid I/O address cornflicts
on ISA-bus.

TORNADO-6x is shipped from factory with 1/0 base address for host ISA-bus I/O interface in accordance
with default settings from table 2-7.

3.2 Setting Interrupt Request Line for Host PC

Setting of host PC interrupt request line is optional proceduré@gNADO-6x and should be performed in
accordance with requirements of application software that you use togetherT@RWADO-6x. This
procedure should be done while host PC power is switched off.

Setting of host PC interrupt request line is provided via on-board host PC interrupt request jumper J1 (refer
fig.2-2 and fig.A-1). See section 2.5 for details abbORNADO-6x host PC interrupt supporTORNADO-
6x is shipped from factory without PC interrupt request jumper installed.
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CAUTION

When setting host CPU interrupt request line be sure to check interrupt requests for fther
hardware installed in your host PC in order to avoid interrupt request conflicts on ISA{bus.

3.3 Installation of TORNADO-6x Mainboard into Host
PC

After 1/0O base address for host ISA-bus 1/O interfacef ®RNADO-6x has been configured and host PC
interrupt request line has been setup, you can now iMSEEINADO-6x board into 16-bit ISA-bus slot of host
PC and screw on-boarBORNADO-6x mounting bracket to rear panel of host PC. Afterthat, you can safely
switch on power of host PC and load operating system of your PC.

3.4 Setting Memory Base Address for Host ISA-bus
Memory Interface

After TORNADO-6x has been installed into host PC, the PC power has been switched on, and PC operating
system (DOS or Windows) has been loaded, you can proceed with configuring ISA-bus memory base address
for host ISA-bus memory interface 6ORNADO-6x.

It is recommended to usE6CC.EXE software utility for configuring ISA-bus memory base address for host
ISA-bus memory interface GFORNADO-6x at DOS prompt.

Setting host PC softw are environment for access ing host ISA-bus memory interface of
TORNADO-6x

Prior you will start working withTORNADO-6x host ISA-bus memory interface, you have to configure host
PC software environment in accordance with table 2-5 in order it can properly communicate with host ISA-bus
memory interface oTORNADO-6x.

If memory base address BORNADO-6x host ISA-bus memory interface should be sdD&00H hex value,
then this requires including the following line into CONFIG.SYS file of host DOS or WINDOW S\toper
system:

Device=C:\DOS\EMM386.EXE noems x=D800-DFFF
or
Device=C:\WINDOWSIEMM386.EXE noems x=D800-DFFF

The "x=D800-DFFF" option for theEMM386.EXE memory driver inform&EMM386.EXE memory driver to
reserve thed8000H..DFFFFH UMB area, so it will might be used for communication WRE®@RNADO-6x
host ISA-bus memory interface.
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Should you need to set different memory base addre3©BINADO-6x host ISA-bus memory interface in
accordance with table 2-5, then you should setup appropriateption for EMM386.EXE memory driver in
CONFIG.SYS file. Please refer to docurtegion forDOS and WINDOWS opeting system for details.

CAUTION

In case you have PCI PnP cards with UMB mapped memory-based PCI host interface ffabove
640KB and below 1MB of PC memory address space) installed into your PC along wjith
TORNADO-31x board(s), then you have to reserve appropriate UMB area space f
TORNADO-31x host ISA-bus memory interface via host PC build-in PCI BIOS on PC Hgot.

Setting memory base address for host ISA-bus memory interface of TORNADO-6x

You have to invokelT6CC.EXE software utility with-imXXXXX command line option in order to setup ISA-
bus memory base address for host ISA-bus memory interfab®@BNADO-6x at DOS prompt in accordance
with table 2-5.

The following example set88000H memory base address for host ISA-bus memory interfac©BINADO-
6x:

T6CC -imD8000

In case I/O base address of host ISA-bus 1/O interfa@@®&NADO-6x differs from default value specified in
table 2-7, then you have also specifgXXX command line option (wher®¥XX denotes 1/0 base address of
host ISA-bus 1/O interface fofORNADO-6x) in DOS conmand line when invoking6CC.EXE software
utility.

The following example shows how to invokéCC. EXE software utility for TORNADO-6x DSP system with
I/O base address for host ISA-bus 1/0O interface being configured to 300H value:

T6CC -imD8000 -ip300

Switching Off host ISA-bus  memory interface of TORNADO-6x

The following example shows how to switch off host ISA-bus memory interfacBORRNADO-6x DSP
system:

T6CC -im0
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CAUTION

When setting memory base address for host ISA-bus memory interfaces be sure to <1Iteck
memory base address for other hardware installed in your host PC in order to avoid mgmory
address conflicts on ISA-bus.

3.5 Installation of Emulation Controller (ECC) onto
TORNADO-62MX/67MX Mainboard

Installation of emulation controller chifECC) onto TORNADO-62MX/67MX board should be performed
while host PC power off.

Installation of ECC

In order to install emulation controller chiECC) into the S4 socket ontdfORNADO-62MX/67MX board
follow recommendations below (see fig. 3-1):
» switch off power of host PC
*  removeTORNADO-62MX/67MX board from host PC ISA-bus slot
» takeECC by your fingers in such way that its front (labeling) surface is turned at you
* adjustECC to be parallel to surface of the corresponding S4 PLCC-44 sockeDBNADO-
62MX/67MX board
* orientECC in such way, that the key corner of its PLCC-44 package would match the corresponding
corner of on-board S4 PLCC-44 socket
» safely insertECC into on-board S4 PLCC-44 socket
» safely plug and fiECC in the on-board S4 PLCC-44 socket
* install TORNADO-62MX/67MX install into 8-bit ISA-bus slot of host PC
» switch on power of host PC
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Fig.3-1. Installation of emulation controller chip (ECC) onto TORNADO-62MX/67MX board.

Setting I/O Base Address for ECC

You have to invoker6CC.EXE software utility with-epXXX command line option in order to setup ISA-bus
I/O base address f&CC at DOS prompt in accordance with table 2-14.

The following example set340H 1/O base address f&CC:
T6CC -ep240

In case I/O base address of host ISA-bus 1/0 interfacBORRNADO-62MX/67MX differs from the default
value in table 2-7, then you have also specify-th&XX command line option (wher¥XX denotes 1/0O base
address of host ISA-bus I/O interface B ORNADO-62MX/67MX) in DOS canmand line when invoking
T6CC.EXE software utility.

The following example shows how to invoH&CC.EXE software utility for TORNADO-62MX/67MX DSP
system with 1/0O base address for host ISA-bus 1/O interface being configured to 300H value:

T6CC -ep240 -ip300

Switching ECC Out from ISA-bus I/O Address Space
The following example demonstrates how to swiEhC out from ISA-bus I/O address space:
T6CC -ep0



86 TORNADO-6x. User’s Guide.

CAUTION

When setting 1/0 base address E£C be sure to check I/O base address for other hardyare
installed in your host PC in order to avoid I/O address conflicts on ISA-bus.

3.6 Installation of UECM Daughter-Card Module onto
TORNADO-62/67 Mainboard

You have to installUECM module as a daughter card module (see fig.1-1) into the dedicated on-board
connector offTORNADO-62/67 mainboard (see fig.2-2a and fig.A-1a).

CAUTION

Once you install thé/ECM daughter card module onto ti®@RNADO-62/67 mainboard,
you cannot use SIOX-1 site for installation of SIOX AD/DA/DIO daughter card modul

In order to instalUECM module ontoTORNADO-62/67 mainboard you have to follow the instructions
below (see fig.3-2):
* slant theUECM module
* insert the on-module connector for active buffer pod into the corresponding holeli@RMADO-
62/67 mounting bracket
e plug in theUECM male header into the dedicated female connect@Gr@RNADO-62/67
mainboard
» setup the ISA-bus I/O base address fori&"M module using the on-module DIP-switch in
accordance with theJECM/ECC User's Guide”.
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UECM Module

[ Site Header for UECM Module J

. S UECM On-module
Moving Direction for } Connector for

[ TORNADO-6x Mainboard j
{ Installation of UECM Module Active Buffer Pod

Fig.3-2. Installation of UECM daughter card module onto TORNADO-62/67 mainboard.

The UECM can connect both to the on-board TMS320C6x DSP and any external
TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP via optional external buffer pod.

Configuring UECM to connect to the on-board TMS  320C6x DSP JTAG path

After power-on, theJECM is connect to the on-board TMS320C6x DSP JTAG path. You do not need to use
any external JTAG pod for this configuration.

CAUTION

When using théJECM daughter card module to emulate the on-board TMS320&6% be
sure to set properly the on-board JTAG path terminating jumper J5 in accordance with|figure
2-16.

If you want to configureUECM to connect to the on-board TMS320C6x DSP, then you should use the
T6CC.EXE software utility with e/ command line option. [IVECM is allocated at the 1/0 base address that
differs from the 240H 1/O base address, then ugeXXX' command line option for specifying the I/O base
address folUECM (default is the-ep240 configuration).

The following command line configures th&ECM, which is allocated at 280H 1/O base address, to connect to
the on-board TMS320C6x DSP JTAG path:

T6CC -ei -ep280
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Using UECM for emulation of external TMS 320 DSP

If you want to usdUECM to emulate any external TMS320C2xx/C3x/C4x/C5x/C54x/O&P, you have to
use optional MPSD (C3x) or JTAG (C2xx/C4x/C5x/C54x/C6x) external buffer pod for connection between the
UECM and external TMS320 DSP.

In order to configure th&/ECM to connect to external TMS320 DSP, you can usel6@C.EXE software
utility with * -EX* command line option and theépXXX' command line option for specifying the 1/0O base
address folUECM (default is the-epXXX' configuration ).

The following command line configures th&ECM (allocated at 280H I/O base address) to connect to external
TMS320 DSP via optional external buffer MPSD or JTAG pod:

T6CC -ex -ep280

3.7 Installation of FLASH/EPROM chip onto  TORNADO-
6x Mainboard

Installation of FLASH/EPROM chip (see fig.2-2 and fig.A-1) of®©@RNADO-6x board should be performed
while host PC power off.

CAUTION
TORNADO-6x mainboards are designed to carry the FLASH 5v-only 128K..1Mx8 chipf or
EPROM 128K..1Mx8 chips in the PLCC-32 IC package.

Installation of other FLASH/EPROM chips than that specified in table 2-3 may result|in
damage of FLASH/EPROM chip and/or BORNADO-6x hardware.

CAUTION

You have to set the on-board J2 jumper in accordance with table 2-3 in order to meefjthe
installed FLASH/EPROM chip type.

Installation of FLASH/EPROM chip

In order to FLASH/EPROM into th# ORNADO-6x S1 on-board socket follow the recommendations below
(see fig. 3-3):

»  switch off power of host PC

*  removeTORNADO-6x board from host PC ISA-bus slot
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» take FLASH/EPROM chip by your fingers in such way that its front (labeling) surface is turned at
you

* adjust FLASH /EPROM chip to be parallel to surface of the S1 PLCC-32 socH&@RNADO-6x
board

» orient FLASH/EPROM chip in such way, that the key corner of its PLCC-32 package would match
the corresponding corner of on-board S1 PLCC-32 socket

» safely insert FLASH/EPROM chito the on-board S1 PLCC-32 socket

» safely plug and fix FLASH/EPROM chip in the on-board S1 PLCC-32 socket

e setJ2 jumper in accordance with table 2-3 to meet the installed FLASH/EPROM chip type

* install TORNADO-62MX/67MX install into 16-bit ISA-bus slot of host PC

» switch on power of host PC

Pin 1 Key

FLASH/EPROM
Chip

Socket for FLASH/EPROM

FLASH/EPROM
Socket Key .

Fig.3-3. Installation of FLASH/EPROM chip onto TORNADO-6x mainboard.
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Chapter 4. Utility Software

This chapter contains description of utility software T®@RNADO-6x DSP system.

4.1 T6CC.EXE Control Center Utility

T6CC.EXE (“TORNADO-6x Control Center”) utility is aDOS canmand line control software tool for
TORNADO-6x that delivers easy and powerful user control T’-RNADO-6x hardware.T6CC.EXE utility
features the following functionality:
» display and set all registers BORNADO-6x host ISA-bus 1/0O interface
» read/write from/to the on-board SB areas (SBSRAM, FLASH and PIOX/PIOX-1G)a&NADO-
6x host ISA-bus memory interface
» access to aDSP memory areas via the DSP on-chip HPI port
» configure theECC emulation controller foTORNADO-62MX/67MX and UECM emulation
control daughter card module f@ORNADO-62/67.

T6CC.EXE utility must be invoked fronrDOS prompt with up to ten oamand line options:
T6CC [-option1] [-optionZ] [-option3] ...

Each command line option corresponds to spe@i@RNADO-6x hardware control operation. The following
is a list of available command line options TWCC.EXE utility.

System Control via CONTROL REGISTER

-C Display and interpret contents GONTROL REGISTER.

-cC Display current setting for host SB data cycle format, which is specified by
{SB_CCL-0,SB_CCL-1} bit field of CONTROL REGISTER.

-ccb Set 8-bit (byte) format for host SB data cycle. Corresponds to setting of
{SB_CCL-0,SB_CCL-1} hit field of the CONTROL REGISTER to the
{0,0} state.

-cch Set 16-bit (halfword) format for host SB data cycle. Corresponds to setting
of {SB_CCL-0,SB_CCL-1} hit field of CONTROL REGISTER to the
{1,0} state.

-ccw Set 32-bit (word) format for host SB data cycle. Corresponds to setting of
{SB_CCL-0,SB_CCL-1} bit field of CONTROL REGISTER to the
{0,1} state.

-cg Display current state d8B_GLOCK bit (global SB locking by host ISA-
bus memory interface) @ONTROL REGISTER.

-cgo ClearSB_GLOCK bit of CONTROL REGISTER and unlock SB.

-cgl SetSB_GLOCK bit of CONTROL REGISTER for immediate active SB

locking.
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-clo
-cl1

-cie

-cie0

-ciel

-cim

-cimO0

-cim1

-cro

-crl

Flag Registers Control

-fsr
-fsrxXX

-fr

-frXX

-frs

Display current state o6B_LOCK bit (SB locking by host ISA-bus
memory interface) od€CONTROL REGISTER.

Clear SB_LOCK bit of CONTROL REGISTER and unlock SB.

SetSB_LOCK bit of CONTROL REGISTER and issue active SB locking
during nearest SB access from host ISA-bus memory interface.

Display current state $3B_ERROR_IE bit (host interrupt enable on SB
error) of CONTROL REGISTER.

Clear SB_ERROR_IE bit of CONTROL REGISTER and disable host
interrupts on SB error.

Set SB_ERROR_IE bit of CONTROL REGISTER and enable host
interrupts on SB error.

Display current state df/lH_RQ_IE bit (host interrupt enable on requests
from TMS320C6x DSP) ofONTROL REGISTER.

Clear MH_RQ_IE bit of CONTROL REGISTER and disable host
interrupts on requests from TMS320C6x DSP.

Set MH_RQ_IE bit of CONTROL REGISTER and enable host
interrupts on requests from TMS320C6x DSP.

Display current state of reset signal for TMS320A88P, which is
specified byM_GO bit of CONTROL REGISTER.

Remove reset signal for TMS320C6x DSP, i.e. put DSP into “RUatés
This option setd/_GO bit to ‘1’ of CONTROL REGISTER.

Apply reset signal for TMS320C6x DSP, i.e. put DSP into “RESstate.
This option cleard/_GO bit of CONTROL REGISTER.

Display contents oFLAG SELECTOR REGISTER.

Select flag register XX (hex), i.e. load XX 8-bit hex data intoFLAG
SELECTOR REGISTER.

Display contents of currently selected flag register (displyAG
STATUS REGISTER). The number of currently selected flag register is
defined by the contents 6£AG SELECTOR REGISTER.

Loads XX 8-bit hex data into the currently selected flag register (load
FLAG CONTROL REGISTER). The number of currently selected flag
register is defined by the contentsFdfAG SELECTOR REGISTER..

Display and interprete contents®¥S_STATUS_FRG flag register.

Display current state o6B_ERROR flag from SYS_STATUS FRG
flag register.
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-fe0

-thO
-thh

-fhe

-fheO

-fm1

-thi
-thie

-thie0

-thiel

-thih

-thihO

-thih1

-fds

-fdsm

-fdsr

-fdsp

-frdi

Clear SB_ERROR flag, i.e. write toCLEAR_SB_ERROR_FRG flag
register.

Display current state o6B_ACK flag from SYS _STATUS_FRG flag
register.

Display current state oMH_RQ flag from SYS_STATUS FRG flag
register.

ClearMH_RQ flag, i.e. write tofCLEAR_MH_RQ_FRG flag register.

Display current state dffP/_HINT DSP-to-host interrupt request via HPI
from SYS_STATUS_FRG flag register.

Display current state oHPI_ERROR flag from SYS_STATUS FRG
flag register.

Clear HPI_ERROR flag, i.e. write toCLEAR_HPI!_ERROR_FRG flag
register.

Generate interrupt request to TMS320C6x DSP, i.e. write to
SET_HM_RQ_FRG flag register.

Display and interpret contents BP/_IE_FRG flag register.

Display current state offPI_ERROR_IE bit (host interrupt enable on
HPI_ERROR) of HPI_IE_FRG flag register.

Clear HPI_ERROR_IE bit of HPI_IE_FRG flag register and disable host
interrupts onHP/_ERROR.

Set HPI_ERROR_IE bit of HPI_IE_FRG flag register and enable host
interrupts onHP/_ERROR.

Display current state oHHP/_HINT_IE bit (host interrupt enable on
HPI_HINT) of HPI_IE_FRG flag register.

Clear HPI_HINT_IE bit of HPI_IE_FRG flag register and disable host
interrupts onHP/I_HINT.

Set HPI_HINT_IE bit of HPI_IE_FRG flag register and enable host
interrupts onHP/_HINT.

Display and interpret contents BSP_STATUS_FRG flag register.

Display current state oMLock flag from DSP_STATUS_FRG flag
register.

Display current state adbDSP_M_GO flag from DSP_STATUS FRG
flag register.

Display current state adDSP_PD flag from DSP_STATUS_FRG flag
register.

Display TORNADO-6x device ID and s/n, i.e. display contents of
DEV_IDO FRG andDEV_ID1_FRG flag registers.



94 TORNADO-6x. User’s Guide.

SB Access Control

-ba Display contents o5B PAGE MAPPER register that defineSMP SB
base address for host-to-SB access.
-balA@Zz Load SB PAGE MAPPER register with SMP SB base address that

corresponds t@\ six digit hex SB address within th&SB area ('S’ - for
SBSRAM area, ‘F - for FLASH area, and ‘I’ - for 1/O area).

-bdSA,EA@Z Display 32-bit SB data wordSA andEA parameters specify six digit hex
SB starting and ending addresses correspondingly withinZtB& area
('S’ - for SBSRAM area, ‘F’ - for FLASH area, and ‘I’ - for 1/O area).
Final contents o6B PAGE MAPPER register will be set to th8MP SB
base address that correspond&Aocaddress.

-bdSA,EA@bZ Display 8-bit SB data words (bytesyA and EA parameters specify six
digit hex SB starting and ending addresses correspondingly withid the
SB area ('S’ - for SBSRAM area, ‘F - for FLASH area, and ‘I’ - for I/O
area). Final contents #8 PAGE MAPPER register will be set to the
SMP SB base address that correspondsAaddress.

-bdSA,EA@hZ Display 16-bit SB data wordSA andEA parameters specify six digit hex
SB starting and ending addresses correspondingly withinZtB& area
('S’ - for SBSRAM area, ‘F’ - for FLASH area, and ‘I’ - for 1/O area).
Final contents o6B PAGE MAPPER register will be set to th8MP SB
base address that correspond&Aocaddress.

-bwA,X@Z Write 32-bit X hex data word a#l six digit hex SB addres# parameter
defines six digit SB address within tBeSB area ('S’ - for SBSRAM area,
‘F" - for FLASH area, and ‘I' - for 1/0 area). SB PAGE MAPPER
register will be set to th&MP SB base address that correspond#to
address.

-bwA,X@bzZ Write 8-bit X hex data word (byte) afl six digit hex SB addressA
parameter defines six digit SB address within ?h&B area ('S’ - for
SBSRAM area, ‘F - for FLASH area, and ‘I' - for /0 areagB PAGE
MAPPER register will be set to theSMP SB base address that
corresponds té address.

-bwA,X@hZ Write 16-bit X hex data word a#l six digit hex SB addres# parameter
defines six digit SB address within tBeSB area ('S’ - for SBSRAM area,
‘F" - for FLASH area, and ‘I' - for 1/0 area). SB PAGE MAPPER
register will be set to th&MP SB base address that correspond#to

address.
HPI Access Control
-hc Display and interpret contents of HPIC register of TMS320C542 DSP.
-hchoO Clear HINT bit of HPIC register (DSP-to-host interrupt request via HPI) of

TMS320C6x DSP.
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-hcd1

-hdSA,EA

-hwA, X

Set DSPINT bit of HPIC register (host-to-DSP interrupt request via HPI)
of TMS320C6x DSP.

Display 32-bit data words within th8A...EA hex HPI address range of
TMS320C6x DSP.

Write 32-bit X hex data word atA hex HPI memory address of
TMS320C6x DSP.

Setting I/0O and Memory Base Addresses for Host ISA-bus Interface

-im

-ImXXXXX

-im0

-ipXXX

Display ISA-bus memory base for host ISA-bus memory interface of
TORNADO-6x in accordance with table 2-5 (display and interprete
contents ofSA_MI_BADDR_FRG flag register).

Set XXXXX hex ISA-bus memory base address for host ISA-bus memory
interface  of TORNADO-6x in accordance with table 2-5 (load
ISA_MI_BADDR_FRG flag register). If T6CC.EXE utility is invoked

with -bd or -bw command line options and optieim is not specified (or
ISA_MI_BADDR _FRG flag register was not loaded previously), then the
default DBOOOH 1SA-bus memory base address will be used for host ISA-
bus memory interface during host-to-SB access, and optiot will be
automatically executed on exit frolfi6CC.EXE utility in order to
deactivate host ISA-bus memory interface afterthat.

Deactivates host ISA-bus memory interface BORNADO-6x, i.e.
removes it from ISA-bus memory address on exit fleCC. EXE utility.

SpecifiesXXX hex 1/0O base address for host ISA-bus I/O interface. If this
option is omitted, then default factory setting in accordance with table 2-7
will is used.

Control for Emulation Controller (ECC) and Emulation Daughter- card M odule (UECM)

_ep

-epXXX

Display current ISA-bus 1/0O base f&@CC for TORNADO-62MX/67MX
in accordance with table 2-14 (display and interpret contents of
ISA_ECC_IO_BADDR_FRG flag register).

Set XXX hex I/O base address f&fCC for TORNADO-62ZMX/67MX in
accordance with table 2-14 and activate it, i.e. include ECC into ISA-bus
I/O address space and connect it to scan-path interface of TMS320C6x
DSP. ForTORNADO-62/67 with UECM installed, this option specified

the I/O base address fOlECM. OnceT6CC.EXE utility has been invoked

with this command line option, attachment of externalX0S510 or
MicroLAB’ MIRAGE-510D emulator is not allowed folTORNADO-
62MX/67MX unlessT6CC.EXE utility will be invoked with-ex command

line option.

Set default 1/O base address BCC for TORNADO-62MX/67MX in
accordance with table 2-14 and activ&€C, i.e. include ECC into ISA-
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-ep0

bus 1/0 address space and connect it to scan-path interface of TMS320C6x
DSP. In caseD_OPTIONS DOS system variable for TI TMS320C6x C
Source Debugger is set and its list incluge¥XX option, thenXXX hex
I/O address will be used as default I/O base addre$sdarinstead of that
in accordance with table 2-14. FGFORNADO-62/67 with UECM
installed, this option configure/ECM to connect to the on-board
TMS320C6x JTAG path. Oncé6CC.EXE utility has been invoked with
this command line option, attachment of external XDS510 or
MicroLAB’ MIRAGE-510D emulator is not allowed tofORNADO-
62MX/67MX and is ignored forTORNADO-62/67 unless T6CC.EXE
utility will be invoked with-ex command line option.

DeactivateseCC controller for TORNADO-62MX/67MX, i.e. remove
ECC from ISA-bus I/0O address space and disconnect it from scan-path
interface of TMS320C6x DSP. On@&CC.EXE utility has been invoked
with this command line option, attachment of externalX0S510 or
MicroLAB’ MIRAGE-510D emulator is allowed to TORNADO-
62MX/67MX.

For TORNADO-62MX/67MX this option is identical to-ep0 command

line option, i.e. it remove€CC from ISA-bus I/O address space and
disconnects it from scan-path interface of on-board TMS320C6x DSP. For
TORNADO-62/67 with UECM installed this option configurddECM to
connect to external TMS320 DSP via optional MPSD or JTAG pod. Once
T6CC.EXE tility has been invoked with this command line option,
attachment of external TIXDS510 or MicroLAB’ MIRAGE-510D
emulator is allowed tGd ORNADO-6x.

Perform software reset & CC or UECM. Recommended on invocation
and exit from TI TMS320C6x HLL Debugger or GoDSP TMS320C6x
Code Composer IDE.

General System Control Opt ions

-r

Utility Options
-P

Perform software reset of ORNADO-6x host ISA-bus interface. All
registers of host ISA-bus interface are put into default state&€@dechip

of TORNADO-62MX/67MX is reset, DSP is put into ‘RESETtase, all

error flags are reset, and all host interrupt enable masks are reset.
Also, the <B 0x00000000> program code is written into the reset vector
location of DSP interrupt table (default address 0x00000000 after DSP
reset), which guarantees that DSH We put into known state after the
DSP reset line il be released prior running the TI C6x HLL Debugger or
GoDSP C6x Code Composer IDE via DSP JTAG interface.

Set page-by-page display mode. The "ESC" keypress terminates display
output whereas any other keypress results in the next page display.
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-? Display list of available options fof6CC.EXE utility program. Help list
is also displayed whef6CC.EXE utility program is invoked without
command line options.

T6CC.EXE utility processes command line options in accordance with the following priority list:
1. CONTROL REGISTER control options
2. FLAG STATUS REGISTER andFLAG CONTROL REGISTER control options
3. HPI control options
4. ECC control options
5. SB access control options.

T6CC.EXE utility returnsDOS exit codein case it is invoked withim, -c, -cg, -cl, -cie, -cim, -fsr, -fr, -frs, -

fe, -fb, -fds, -fdsm, -fdsr, -fdsp, -th, -fhh, -fhe, -fhi, -fhie and-fhih command line options, which correspond

to display of contents of registers, bits and flagsTOfRNADO-6x host ISA-bus interface. The exit code
returned corresponds to current value or contents of last displayed bit, bit field, flag or register. Exit code i
useful whenT6CC.EXE utility is integrated intdOS batch (.BAT) file that provides catidnal processing.

Exit code of T6CC.EXE utility program can be analyzed usingceeeding /F ERRORLEVEL' DOS batch

file commands. The following example BIOS batch file performs coittbnal processing oSB_ERROR

flag of TORNADO-6x:

T6CC -fed
IF ERRORLEVEL 1 T6CC -fe0

When multiple data display options for tH6CC.EXE utility are specified, then the returned exit code will
correspond to the last processed data display command line option.

In case error is detected BYCC.EXE utility, then the exit code ‘255’ is returned. TECC.EXE utility is
invoked without any data display command line options and no errors is detected, than the exit code ‘0’ |
returned.

4.2 Uploading TMS320C6x COFF -files via Host ISA-bus
Memory Interface

Uploading of TI TMS320C6x COFHles (output .OUT files from TI TMS320C6x C/Assembler compilers)
into TORNADO-6x on-board SB areas and TMS320C6x DSP on-chip environment can be performed by
means of T6COFF.EXE software utility, that is included with utility software fof ORNADO-6x.
T6COFF.EXE utility loads TI TMS320C6x COFfile into TORNADO-6x environment via host ISA-bus
memory interface without utilization of emulation controlB€C or UECM emulation control daughter card
module.

COFF-file can be uploaded into ti®@RNADO-6x environment using different modes:
» standard modgi.e. when data is uploaded to on-board SB areas via host ISA-bus memory interface
without affecting TMS320C6x DSP chip reset line and SB locking
* reset modgi.e. when data is uploaded to on-board SB areas and TMS32Z¥FS»n-chip
environment via host ISA-bus memory interface while holding TMS320C6x DSP in ‘RE8SH&’ s
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» global SB locking modé.e. when data is uploaded to on-board SB areas via host ISA-bus memory
interface using global SB locking

» SB locking modd.e. when data is uploaded to on-board SB areas via host ISA-bus memory interface
using the SB locking.

All modes except foreset moderovide uploading of COFfle into SB areas only. However, these modes do
not effect reset signal for TMS320C6x DSP, aradadcan be uploaded in parallel with TMS320C6x DSP
running.

Reset moderovides uploading of COFfle into both on-board SB areas and TMS320C6x DSP on-chip
environment (including DSP on-chip memory and peripherals). This is performed by means of usimg run-
TMS320C6x loader that is loaded into on-board SBSRAM and then removed automaticehGOFF.EXE
utility each time loader recognizes that CCGi& data section should be loaded into tB&P on-chip
resources.

Uploading of COFFHile into TORNADO-6x is performed by invokingT6COFF.EXE utility from DOS
command line:

T6COFF FILENAME[.OUT] [-optionl] [-optionZ] [-option3] ...

If file extension is missed for souré#dL ENAME COFF-file, then .OUT extension is assumed. The following is
list of command line options foF6COFF.EXE utility, which are grouped into several functional groups.

Upload Mode Control

-Ir SetRESETmode for uploading of COFfile. COFHfile is uploaded while
holding TMS320C6x DSP in ‘RESET'tae by means of clearing the
M_GO bit of CONTROL REGISTER. This mode is used for uploading of
source program/data modules and supports uploading into both on-board
SB areas and TMS320C6x DSP on-chip memory and peripherals.
TMS320C6x DSP can be placed into the ‘RUNate on exit from
T6COFF.EXE utility using -crO command line option. Ther option is
assumed as default if none-tif, -/l and-In options is specified.

-lg SetGLOBAL SB LOCKINGnode for uploading of COFfile. COFFile
is uploaded into on-board SB areas while holding SB locking by means of
setting SB_GLOCK bit of CONTROL REGISTER. TMS320C6x DSP
will not be able to ecess SB areas until uploading will be finished.
TMS320C6x DSP on-chip resources cannot be loaded in this mode. This
mode is normally used for uploading of shared data into on-board SB areas
while TMS320C6x DSP is executing a program.

-l SetSB LOCKINGmode for uploading of COFfle. COFFile is uploaded
into on-board SB areas while holding SB locking by means of setting
SB_LOCK bit of CONTROL REGISTER. TMS320C6x DSP it not be
able to access SB areas until uploading will be finished. TMS320C6x DSP
on-chip resources cannot be loaded in this mode. This mode is normally
used for uploading of shared data into on-board SB areas while
TMS320C6x DSP is executing a program.
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Set STANDARDmode for uploading of COFfle. COFHfile is uploaded
without affecting the ‘RESET’ state of TMS320CB&SP and without SB
locking. TMS320C6x DSP WM be able to acess on-board SB areas during
uploading of COFFile. The on-board TMS320C6x DSP on-chip resources
cannot be loaded during this mode. This mode is normally used for
uploading of run-time program or data into on-board SB areas while on-
board TMS320C6x DSP chip is executing a program.

Exclude uploading of TMS320C6x DSP on-chip memory and peripherals
when using th(RESETmode for uploading. This option should be used
together with-Ir option only.

Restarting TMS 320C542 DSP on EXxit

-cro

Restart TMS320C6x DSP on exit frof6COFF.EXE utility. This option
corresponds to toggling!_GO bit from CONTROL REGISTER.

Viewing Di rectory of C OFF-file

-d

List directory (sections loading information) folOEF-file. COFF-file will
be not loaded intd ORNADO-6x environment an all other command line
options specified will be ignored.

Setting Base Addresses of ISA-bus Memory and I/O Interf  aces

-ImXXXXX

-im0

-ipXXX

Utility Options

-?

Set XXXXX hex ISA-bus memory base address for host ISA-bus memory
interface  of TORNADO-6x in accordance with table 2-5 (load
ISA_MI_BADDR_FRG flag register). If T6CC.EXE utility is invoked

with -bd or -bw command line options and optieim is not specified (or
ISA_MI_BADDR _FRG flag register was not loaded previously), then the
default DBOOOH 1SA-bus memory base address will be used for host ISA-
bus memory interface during host-to-SB access, and optiot will be
automatically executed on exit frorfi6CC.EXE utility in order to
deactivate host ISA-bus memory interface afterthat.

Deactivates host ISA-bus memory interface BORNADO-6x, i.e.
removes it from ISA-bus memory address on exit fileCC. EXE utility.

SpecifiesXXX hex 1/O base address for host ISA-bus I/O interface. If this
option is omitted, then default factory setting in accordance with table 2-7
will is used.

Display list of available options foF6COFF.EXE utility. Help list is also
displayed whenT6COFF.EXE utility is invoked without command line
options and parameters.
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In case no errors are detectedTCOFF.EXE utility, then exit code ‘0’ will be returned, otherwise exit code

‘1" will be generated.

CAUTION

If TEBCOFF.EXE utility is used with-/r command line option (or whetfg, -l and-In
options are not specified) and if either emulation controB€ ) or UECM emulation
control daughter card module is installed or any oKIDE510 or MicroLAB’ MIRAGE-

510D emulator is attached, then the following error message may appear:

error: missing DSP handshaking

This error message states that the TMS320@$R cannot be itialized correctly during
uploading of TMS320C6x DSP on-chip memory or peripherals. This problem is causgl by
DSP on-chip execution controller that is lockedabipched emulator &CC/UECM.

In order to avoid this problem you have to resetB&C/UECM or attached emulator. The
emulator can be reset using the supplied software reset utility, wHeC&xs/ECM can be

reset by invokingf6CC. EXE utility program with the-er command line option.
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Appendix A. On-board Jumpers, Connectors
and Sockets.

This Appendix includes a summarized description for T@RNADO-6x on-board configuration jumpers,
connectors, switches and sockets.

The layout for theTORNADO-6x on-board configuration jumpers, connectors, switches and sockets is
presented at fig.A-1. Fig.A-la contains information for t(h@RNADO-62/67 layout, whereas fig.A-1b
contains information for th@ ORNADO-62/67 layout.
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Fig.A-1a. On-board layout for TORNADO-62/67.
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On-board Switches

Fig.A-1b. On-board layout for TORNADO-62MX/67MX.

All on-board switches foTf ORNADO-6x DSP systems aresunarized in table A-1.

Table A-1. On-board switches for TORNADO-6x.

switch switch function description reference information
ID
Swi1 ISA -bus I/O base address for host ISA-bus I/O interface. Section 2.5 and table 2-7.
swz2 Manual reset for the on-board TMS320C6x DSP in case DSP Section 2.3.
is used in stand-alone operation.

On-board Configuration Jumpers

All on-board configuration jumpers fafORNADO-6x DSP systems arersumarized in table A-2.

Table A-2. On-board configuration jumpers for TORNADO-6x.

jumper jumper function description reference information
ID
J1 Host ISA-bus interrupt request line selector. Sections 2.5 and 3.2.




Appendix A. On-board Jumpers, Connectors and Sockets

A-3

(J4-R1..J4-R5)

selector) for TORNADO-62/67.

J2 FLASH/EPROM chip type selector. Sections 2.3 and 3.7; table 2-3.
(J2-1..J2-6)

J3 TMS320C6x DSP Bootmode configuration. Section 2.3 and table 2-4.

J4 SIOX-B site ports configurator (“direct” or “cross-wiring” Section 2.7 and fig.2-14.

PIOX/PIOX-16.

J5 JTAG path terminator. Section 2.8 and fig.2-17..2-23.

J6 DSP Reset source selector. Section 2.3.

J8 TMS320C6x DSP Timer-0 IN/OUT mode for SIOX-A/B and Sections 2.6 and 2.7; tables 2-15
PIOX/PIOX-16. and 2-17.

J9 TMS320C6x DSP Timer-1 IN/OUT mode for SIOX-A/B and Sections 2.6 and 2.7; tables 2-15

and 2-17.

On-board Connectors

All on-board connectors fof ORNADO-6x DSP systems are rsumarized in table A-3.

Table A-3. On-board connectors and headers for TORNADO-6x.

connector connector function description reference information
ID
JP1 PIOX/PIOX-16 expansion interface site header. Section 2.6, fig.2-7 and fig. 2-8.
JP2 SIOX-A/B expansion interface sites headers. Section 2.7 and fig.2-13.
JP3
JP4 JTAG-IN and JTAG-OUT connectors Section 2.8 and fig.2-17..2-26.
JP5
JP6 External clock (CLKS) for McBSP-0 of TMS320C6x DSP. Section 2.7 and fig.2-15.
JP7 External clock (CLKS) for McBSP-1 of TMS320C6x DSP. Section 2.7 and fig.2-15.
JP8 UECM site header. Sections 2.8 and 3-6; fig.2-20..2-23
JP9 External power connector for stand-alone operation. Section 2.3.
JP10 External DSP Reset connector for stand-alone operation. Section 2.3.
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On-board Sockets

All on-board sockets fof ORNADO-6x DSP systems aresumarized in table A-4.

Table A-4. On-board sockets for TORNADO-6x.

socket switch function description reference information

ID

S1 PLCC-32 socket for FLASH/EPROM (5v power supply). Section 2.3.

S2 DIP-8 socket for TTL/CMOS 5v crystal generator for external Section 2.7 and fig.2-15.
clock source of McBSP-0 serial port of TMS320C6x DSP.

S3 DIP-8 socket for TTL/CMOS 5v crystal generator for external Section 2.7 and fig.2-15.
clock source of McBSP-1 serial port of TMS320C6x DSP.

S4 PLCC-44 socket for ECC (emulation controller chip) for local Section 2.8; fig.2-24 and 2-26.
emulation of TMS320C6x DSP.







