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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.
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About this Document

This user’s guide contains description TBORNADO-54x 16-bit fixed-point digital signal processinB$P)
systems and emulators for host ISA-bus PC, which utilize the Texas Instruments (TI) TMS3BPEF54x

+ TORNADO-542L rev.1A/1B

»  TORNADO-548/549/5402/5410 rev.2A (note: rev.1x is not covered by this document).

This document does not include detail description neither for TI TMS32005&xnor for the corresponding
software and hardware applications. To get the corresponding information please refer to the followin
documentation:

1. TMS320C54x DSP. CPU and Per ipherals. Texas Instruments Inc, SPRU131F, USA, 1999.
2. TMS320C54x DSP. Enhanced Per ipherals. Texas Instruments Inc, SPRU302, USA, 1999.
3. TMS320C54x DSP. Mnem onic Instruction Set.  Texas Instruments Inc, SPRU172, USA,

1996.

4, TMS320C54x DSP. Algebraic Instruct ion Set. Texas Instruments Inc, SPRU179A, USA,
1997.

5. TMS320C54x Optimiz ing C Compiler User's Guide.  Texas Instruments Inc, SPRU103D,
USA, 1999.

6. TMS320C54x Assembly La nguage Tools User’s Guide. Texas Instruments Inc,
SPRU102D, USA, 1999.

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 to MicroLAB Systems

« 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 theepedcridiate)

* 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.
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Chapter 1. Introduction 1

Chapter 1. Introduction

This chapter contains general description F&’IRNADO-54x DSP systems product line, which comprises of
TORNADO-5421 and TORNADO-548/549/5402/5410/5402/5410 DSP systems.

CAUTION

Here and further in this document tiHEORNADO-54x' notation denotes that the supplied|
information is applicable to alORNADO-54x DSP systems[ORNADO-542L and
TORNADO-548/549/5402/5410 products).

Should information be a product specific, then the name of the corresponding prodiict
(TORNADO-542L or TORNADO-548/549/5402/5410) will be highlighted.

1.1 General Information

TORNADO-54x are high performance fixed point DSP system boards anthtmraifor host ISA-bus PC
computers. TORNADO-54x are designed to plug into 16-bit ISA-bus slot of host PC and feature flexible
modular system architecture in order to meet requirements for multiple applications while keeping a cost
project to a minimum.

TORNADO-54x DSP systems comprise GFORNADO-5421. and TORNADO-548/549/5402/5410 and
feature compatible host ISA-bus interface and TMS320CH4$P environment. TORNADO-
548/549/5402/5410 features extended memory capacity and enhanced emulation facility.
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Fig.1-1.a. TORNADO-542L DSP system board with SIOX and PIOX-16 daughter card modules and
ECC emulation controller.

Sarial WD
Expansion [SH)

Daughter-Card Module

TORNADC. 54854 /54025410
DESP System Mainboard

LECH
Unlversal Emulation Control
Daughter-Sard Modwle

Fig.1-1b. TORNADO-548/549/5402/5410 DSP system board with SIOX and PIOX-16 daughter card
modules, UECM emulation control daughter card module and external JTAG pod.

The following are some applications ffORNADO-54x DSP systems:
* real-time DSP and signal acquisition
e speech signal processing
* fax and modem
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» audio signal processing

* multimedia

* instrumentation and industrial

e acoustics

*  medical

» universal emulator for TI C2xx/C3x/C4x/C5x/C54x/C6x DBBRNADO-548/549/5402/5410
only with UECM and external MPSD/JTAG pod)

» evaluation and education

* many more ...

TORNADO-54x utilize TMS320C54x 16-bit fixed poifdSP (40 MIPS TMS320C542 inORNADO-542L,

66/80 MIPS TMS320LC548 iMORNADO-548, 100 MIPS TMS320VC549 iTORNADO-549, 100 MIPS
TMS320VC5402 inTORNADO-5402 and 100 MIPS TMS320VC5410 ihORNADO-5410. The on-board
static RAM (SRAM) for program and data includes 128KXT®RNADO-542L) and 256Kx16 TORNADO-
548/549/5402/5410). On-board SRAM is splitted into program and data memory banks each having 64Kx16
(TORNADO-5421L) and 128Kx16 TORNADO-548/549/5402/5410) capacity.

TORNADOQO-54x have on-board shared bus (SB) architecture that shares access to SRAM and PIOX-16 shar
resources between the on-board TMS320C54x DSP and host ISA-bus memory interface. Host ISA-bus memc
interface can provide access to SRAM/PIOX-16 both in random and block data transfer modes in parallel wit
DSP opeation and almost without consuming th8Ptime.

TORNADOQO-54x feature optional facility for installation of serial I/O expansion (SIOX) daughter card
modules from a variety of AD/DA and digital I/O SIOX modules for real-time instrumentation, industrial and
speech, telecommuration and audio signal processing applications.

TORNADOQO-54x feature optional facility for installation of parallel 1/0 expansion (PIOX-16) daughter card
modules from a variety of AD/DA and digital /O PIOX-16 daughter cards modules for high-speed real-time
instrumentation, industrial andesgch, telecommunration and audio signal processing applications.

TORNADO-54x offer access to HPI (host port interface) of on-board TMS320C54x DSP from host ISA-bus
I/O interface. Along with host ISA-bus memory interface this provides a second data path for communicatiot
between host and DSP.

TORNADO-54x use scan-path emulation control for the on-board TMS320@HR in order to debug
resident TMS320C54x DSP software. Scan-path laon control of the on-board TMS320C5DSP is
available either via external ®DS510 or MicroLAB’ MIRAGE-510D scan-path emulators, or by means of
optionalemulation controller chifECC) for TORNADO-542L that plugs into dedicated on-board socket, or
by means of optionamulation control daughter card moduleECM) for TORNADO-548/549/5402/5410
that plugs into dedicated on-board daughter card site. B6t and UECM are low cost replacements for Tl
XDS510 and MicroLAB'sMIRAGE-510D scan-path emulators and run under identical industry standard TI
TMS320C54x HLL Debugger and GoDSP C54x Code Composer IDE. Furtherbhs€s\! allows optional
connection to external MPSD and JTAG pods (which are the pods used with MicroMABAGE-510D
scan-path emulator) in order to emulate any external Tl C2xx/C3x/C4x/C5x/C54KE€Bx This converts
TORNADO-548/549/5402/5410 into universal emulator for TDSP.

TORNADO-54x software development tools include TI TMS320C54x DSP C compiler and Assembly
language tools.
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TORNADO-54x are supported by a variety of industry stand&tg&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-54x provide unique burn-in device serial codes, that can be read by host software and used for
hardware copyright protection of software tools for software vendors and DSP system integrators.

1.2 Host PC Specifications

TORNADO-54x 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 TMS320D58x software development
and debugging tools, refer to the corresponding documentation from Tl ardSBoCorp as well as to
MicroLAB’ “ UECM/ECC User’s Guide".

1.3 Technical Specification

The following are the technical specifications TWRNADO-54x system specified for the temperature %25
of the environment.

Parameter description parameter value

power supply voltage +5V for TORNADQO-54x board,

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

power consumption (no ECC or UECM installed) +5V@1.8A

DSP performance 40 MIPS (TORNADO-542L)
66/80 MIPS (TORNADO-548)
100 MIPS (TORNADO-549)
100 MIPS (TORNADO-5402)
100 MIPS (TORNADO-5410)

dimensions 160x110 mm
operating temperature 0..+50°C
1/0 expansion interfaces two sites (SIOX-A and SIOX-B) for

TORNADO/SIOX daughter-card module.

One site for TORNADO/PIOX-16 daughter-
card module.
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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 timeout control time for SB grant, SB ready and HPI ready

host IRQ lines

on-board SRAM:
SRAM capacity

Program memory area

Data memory area

external clock generators for McBSP-0/1/2 serial ports of
TMS320VC5410 DSP for TORNADO-5410 only:

maximum frequency for external clocks for McBSP-0/1/2
TMS320VC5410 DSP serial ports

16

32Kx8

6 ps for TORNADO-542L
3 s for TORNADO-548
2.5 us for TORNADO-549/5402/5410

IRQ3,4,5,6,7,10, 11,12, 15

128Kx16 Ows (TORNADO-542L)
256Kx16 1ws (TORNADO-548/549/5402/5410)

64Kx16 (TORNADO-542L)
2x64Kx16 (TORNADO-548/549/5402/5410)

64Kx16 (TORNADO-542L)
4x32Kx16 (TORNADO-548/5495410)
2x64Kx16 (TORNADO-5402)

50 MHz (TORNADO-5410 with on-board DSP
in the BGA package)
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Chapter 2. System Architecture and
Construction

This chapter contains description fAfORNADO-54x system architecture, construction, host ISA-bus
interface, and SIOX/PIOX-16 1/O expansion sites.

2.1 TORNADO-54x System Architecture

TORNADO-54x DSP systemmainboards install into 16-bit ISA-bus slot of host PC (fig.17AQRNADO-
5421 and TORNADO-548/549/5402/5410 system architectures are presented at fig.2-1.

Parallel I/0 Expansion JTAG-Connector for » SIOX-A
Interface (PIOX-16) XDS510 Serial I/0 Expansion I/F
Site Header MIRAGE-510D Site Header
A 4
T o l—
A SIOX-B
Static RAM 1 Serial I/O Expansion I/F
SRAM . > Site Header

10X
12(ng>(S?I_6 Controller

> 1SA Bus /0 Interface

Program ) XF Emulation
64kx 16 Emulator I/F
. DSP HPI
Data Interface
64k x 16
Shared Bus (SB)
ISA Memory
Interface

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

Fig.2-1a. Architecture of TORNADO-542L mainboard.
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Parallel I/0 Expansion
Interface (PIOX-16)
Site Header

JTAG-OUT JTAG-IN

~ SIOX-A
Connector Connector Serial /0 Expansion I/F

Site Header

1]
ﬂ
|

4 SIOX-B
Static RAM l Serial /0 Expansion IIF
SRAM > Site Header
(0 ws) — 10X
Controller
256k x 16 | — |
| ISA Bus I/O Interface

Program
128k x 16

Data
128k x 16

o

2

Emulator I/F

i !
UECM
Site Header

] _

DSP HPI
Interface

Shared Bus (SB)

ISA Memory
Interface

O
| |_| PCIAT ISA-Bus

Fig.2-1b. Architecture of TORNADO-548/549/5402/5410 mainboard.

Main components of ORNADO-54x mainboard are:
+ TMS320C54x 16-bit fixed point DSP
* on-board SRAMomprising of PROGRAM and DATA memory areas
* host ISA-bus memory and I/O interfaces
» /O expansion flag controller (I0X)
» serial /0O expansion interface (SIOX) site
» 16-bit parallel I/O expansion interface (PIOX-16) site
» emulation controller chip (ECC) foFORNADO-542L or site for universal emulation control
daughter-card module (UECM) fafFORNADO-548/549/5402/5410.

The on-board TMS320C54x DSP, SRAM, PIOX-16 and host ISA-bus memory interface are linked together by
means of the on-boaishared Bus (SBFB shares SRAM/PIOX-16 resources between two ‘bus masters’, that
can execute SB access cycles: the on-board TMS320C54x DSP and host ISA-bus memory interface. On-board
SB arbitration assumes that TMS320C3238P bus master has highest SB access priority whereas 1SA-bus
memory interface is designed to access SB in-parallel &R internal opation, without anyDSP and host
software overhead and almost without consumindBetime.

Constructions forTORNADO-542L and TORNADO-548/549/5402/5410 DSP systemsnainboards are
presented at fig.2-2.
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Tpa Selprior f | g

Fig.2-2a. Construction of TORNADO-542L mainboard.

Fig.2-2b. Construction of TORNADO-548/549/5402/5410 mainboard.

TMS320C54x DSP

All TORNADO-54x DSP systems feature coatjble 16-bit fixed pointDSP chip with on-chip Harvard
architecture as the following:
e 40MIPS TMS320C542 DSP ifORNADO-542L
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*  66MIPS/80MIPS TMS320LC548 DSP iIRORNADO-548
* 100MIPS TMS320VC549 DSP inORNADO-549

* 100MIPS TMS320VC5402 DSP ihORNADO-5402

* 100MIPS TMS320VC5410 DSP ihORNADO-5410.

Static RAM (SRAM) for Program and Data

TORNADO-54x provides on-board static RAM (SRAM) for TMS320C5BSP program andada memory
areas.

TORNADO-542L features 128Kx16 Ows of on-board SRAM that comprises of PROGRAM and DATA
memory areas each having equal 64Kx16 SRAM capacity.

TORNADO-548/549/5402/5410 features 256Kx16 1ws of on-board SRAM, which comprises of 128Kx16
PROGRAM and 128Kx16 DATA memory areas. The 128Kx16 PROGRAM memory area is organized as two
64Kx16 memory pages (PMEM-pages #0 and #1), so build-in extended program memory addressing
capabilities of TMS320LC548/VC549/VC5402/VC54DGP should be used to address this program memory.

The on-board 128Kx16 DATA memory fAtTORNADO-548/549/5402/5410 DSP systems is organized as the
multi-page memory with on-board extended data memory addressing hardware (extended data memory page
register XDMPR)), which is used to switch between these data memory pages frodSiheoftware. The
data memory organization differs for differeMTORNADO-548/549/5402/5410 DSP systems as the
following:

e on-board 128Kx16 DATA memory fofFORNADO-548/549/5410 is organized as four pages of
32Kx16 each with each page being mapped into the upper (off-chip) half of data memory address
space of TMS320LC548/VC549/5410 DSP

* on-board 128Kx16 DATA memory fofORNADO-5402 is organized as two pages of 64Kx16 each
with each page mapped into the upper 48Kx16 (off-chip) data memory address space of
TMS320LC5402 DSP.

Shared Bus (SB)

TORNADO-54x on-board SB delivers access to the on-board SRAM and PIOX-16 shared resources for both
on-board TMS320C54x DSP and host ISA-bus memory interface. The SB address space comprises of
SRAM/PROGRAM memory area, SRAM/DATA memory area and 1/O area, which is mapped into PIOX-16
expansion interface. SB supports 16-bit data cycles. It is important to note, that akkdesses to the on-

board SRAM and PIOX-16 resources are performed concurrently with the DSP running and without any DSP
and host software overhead.

Host ISA-bus Interface

TORNADO-54x host ISA-bus interface was designed for DSP/system control and high-speettashsfer
between host ISA-bus and on-board SRAM/PIOX-16 and HPI port of on-board TMS320C54x DSP.
TORNADO-54x host ISA-bus interface includes:
* ISA-bus memory interfadbat performs access to SRAM and PIOX-16
* ISA-bus I/O interface¢hat providesTORNADO-54x system control and access to TMS320C54x on-
chip HPI (host port interface).
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Host ISA-bus memory interface can access SB SRAM/PIOX-16 resources via 38K memory page
(SMP) that is mapped into ISA-bus UMB memory address space. Once ISA-bus executes memory cycle withi
address range &MP, then the on-boardORNADO-54x I1SA-bus memory interface generates request to SB.
Particular allocation o6MP onto SB address space is definedSlB/PAGE MAPPER register from ISA-bus

I/O interface. Host can access the SB data using 16-bit data cycles. Host ISA-bus memory interface has low
SB access priority.

Base ISA-bus memory address for host ISA-bus memory might be set by host software and might be switch
off in caseTORNADO-54x 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.

TMS320C54x HPI (host port interface)

TORNADO-54x host ISA-bus I/O interface also delivers access to TMS320C54x on-chip HPI, which comes as
a second data path for communication between host PC and onEifeBrelong with on-board SRAM. HPI
offers access from host PC to TMS320C54x shared memory area and allows generation of mutual interrup
However, unlike access to on-board SRAM, HPI does not support raraessao HPI memory 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.

I/O Expansion Flag Controller (10X)

TORNADO-54x has on-board I/O expansion flag controller (I0X) that provides some extra 1/0 ports used by
the on-board TMS320C54x DSP environment. 10X controller might beessed by the on-board
TMS320C54x DSP only.

Serial I/O Expansion Interf ace (SIOX) sites

TORNADO-54x on-board SIOX interface sites are used for installation of AD/DA/DIO daughter card
modules and comprises of signals for TMS320C54x DSP on-chgd perts (BSP, TDM or McBSP), timer
and interrupt control, an¥/OF-0/1 1/O flags.

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

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

TORNADO-54x PIOX-16 interface site is used for installation of AD/DA/DIO daughter card modules and
comprises of SB signals{/OF-0/1 1/0O flags and TMS320C54x DSP on-chiiner and interrupt control.
TORNADO-54x PIOX-16 interface is allocated into TMS320C54x 1/O address area and cacebsea both

by on-board DSP and host ISA-bus memory interface.

PIOX-16 compatible daughter card modules include a variety of multichannel instrumentation AD/DA/DIO
modules and many more.
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Debugging of resident TMS 320C54x DSP Software

Resident TMS320C54x DSP software fBIORNADO-54x can be debugged using Tl XDS510 and
MicroLAB’ MIRAGE-510D scan-path emulators. However, in order to minimize cost of debugging tools, the
emulation controller chipECC) can be plugged into the dedicated on-board sock@O&NADO-542L or
universal emulation control daughter-card moduléECM) can be plugged into the dedicated site on
TORNADO-548/549/5402/5410. Both ECC and UECM are low cost replacement for XDS510 and
MIRAGE-510D emulators and run under identical industry standard Tl TMS320C54x HLL Debugger and
GoDSP TMS320C54x Code Composer IDE.

Debugging of external TI TMS 320 DSP Software with TORNADO-548/549/5402/5410 and UECM

TORNADO-548/549/5402/5410 DSP systems easily convert into universal scan-pathlagonufor any
external TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP. This requires tHeCM daughter-card modules
installed onto TORNADO-548/549/5402/5410 mainboard and optional extern®IPSD (C3x) or JTAG
(C2xx/CAx/C5x/C54x/C6x) pod attached t¢ECM. The MPSD and JTAG pods are the pods used with
MicroLAB’ MIRAGE-510D emulator. TheUECM runs under the industry standard Tl HLL Debuggers and
GoDSP Code Composer IDE.

2.2 Shared Bus

The TORNADO-54x on-board shared bus (SB) architecture provides SRAM/PROGRAM, SRAM/DATA and
I/O areas and supports 16-bit data cycles. SB comprises SRAM and PIOX-16 shared resources and is shared
between the on-board TMS320C54x DSP and host ISA-bus memory interface.

SB Address Space

The SB address space is actually the address spat®@fKNADO-54x on-board TMS320C54x DSP. 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 address range wait time for SB_READY signal (SB data ready) after SB is
(in 16-bit word units) granted to...
on-board host ISA-bus memory
TMS320C54x DSP interface
SRAM/PROGRAM 000O0H...FFFFH Oows Oows
memory area @PROG (should be programmed via (TORNADO-542L)
(TORNADO-542L) PROGRAM field of SWWSR
for TORNADO-542L)
00000H...1FFFFH 1ws 1ws
@PROG (should be programmed via (TORNADO-
(TORNADO- PROGRAM field of SWWSR 548/549/5402/5410)
548/549/5402/5410) for TORNADO-
548/549/5402/5410)
SRAM/DATA 2800H...FFFFH Ows Oows
memory area @DATA (should be programmed via (TORNADO-542L)
(TORNADO-542L) DATA field of SWWSR for
TORNADO-542L)
8000H...FFFFH 1ws 1ws
@DATA (should be programmed via (TORNADO-
(4 overlapped memory pages for DATA field of SWWSR for 548/549/5402/5410)
TORNADO-548/549/5410 on- TORNADO-
board DSP; memory page is 548/549/5402/5410)
selected by XDMPR)
4000H...FFFFH
@DATA
(2 overlapped memory pages for
TORNADO-5402 on-board
DSP; memory page is selected
by XDMPR)
08000H...0FFFFH
18000H...1FFFFH
28000H...2FFFFH
38000H...3FFFFH
@DATA
(for host ISA-bus memory I/F of
TORNADO-548/549/5410)
04000H...0FFFFH
14000H...1FFFFH
@DATA
(for host ISA-bus memory I/F of
TORNADO-5402)
PIOX I/O area 0000H...FFFFH (2ws + PIOX_RDY) (1ws + PIOX_READY),
@l1/0 (should be programmed via /O but not longer than 4puS timeout
field of SWWSR)
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The SB address space in host ISA-bus memory interface appears as a series of dual-accebar8dKB
memory page$SMP) that are mapped onto the predefined ISA-bus UMB (upper memory blocks) memory
window by means o6B PAGE MAPPER register in host ISA-bus 1/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 withinSMP, or by means of block data transfers between PC main memor§/MRdusing either

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

SRAM area for TORNADO-542L

TORNADO-542L allows user to install up to 128Kx16 Ows of on-board SRAM using two
8K/32K/64K/128Kx8 SRAM DIP chips in DIP-28 and DIP-32 packages with 16oasa time. The on-board
J2 jumper (see fig.2-2 and fig A-1) should be set in accordance with particular type of SRAM chips installed.

CAUTION
On-board J2 jumper fofORNADO-542L should be set to 1-2 position in case the
32K/64K/128Kx8 SRAM DIP-32 chips are installed.

On-board J2 jumper fofORNADO-542L should be set to 2-3 position in case the 8Kx§|
SRAM DIP-28 chips are installed.

TORNADO-542L on-board hardware automatically splits the on-board installed SRAM capacity into two
PROGRAM and DATA memory areas each having equal SRAM capacity. For example, for 128Kx16 SRAM
installed, the PROGRAM and DATA memory areas will equal to 64Kx16 SRAM capacity each, whereas for
32Kx16 SRAM installed this results to 16Kx16 PROGRAM and DATA memory areas.

CAUTION

Table 2-1 shows the SRAM/PROGRAM and SRAM/DATA memory area address rangéf for
TORNADO-5421 with 128Kx16 SRAM installed. This covers full address range for
PROGRAM and DATA memory areas of TMS320C542 DSP.

In case the installed SRAM has smaller capacity (i.e. 8K/32K/64Kx16), then the
SRAM/PROGRAM and SRAM/DATA memory areas will appear as overlapped memdgty
pages in the PROGRAM and DATA memory areas of TMS320C54x DSP. In this casg|the
recommended allocation for SRAM/PROGRAM and SRAM/DATA memory pages will Je
allocation at the most high memory page addresses, i.e. the highest memory page afldress

must fit to OFFFFH PROGRAM and OFFFFH DATA memory address of TMS320C54x [ISP.

SRAM area for TORNADO-548/549/5402/5410

TORNADO-548/549/5402/5410 features 256Kx16 1lws of on-board SRAM that comprises of 128Kx16
PROGRAM and 128Kx16 DATA memory areas. The 128Kx16 PROGRAM memory area is organized as two
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64Kx16 memory pages (PMEM-pages #0 and #1), so build-in extended program memory addressin
capabilities of TMS320LC548/VC549/VC5402/VC54DGP should be used to address this program memory.

The on-board 128Kx16 DATA memory fATORNADO-548/549/5402/5410 DSP systems is organized as the
multi-page memory with on-board extended data memory addressing hardware (extended data memory pe
register XDMPR)), which is used to switch between these data memory pages frodSiheoftware. The
data memory organization differs for differeMTORNADO-548/549/5402/5410 DSP systems as the
following:

e on-board 128Kx16 DATA memory fofFORNADO-548/549/5410 is organized as four pages of
32Kx16 each with each page being mapped into the upper (off-chip) half of data memory address
space of TMS320LC548/VC549/5410 DSP

* on-board 128Kx16 DATA memory fofORNADO-5402 is organized as two pages of 64Kx16 each
with each page mapped into the upper 48Kx16 (off-chip) data memory address space of
TMS320LC5402 DSP.

SB Data Ready S ignal

SB has internalSB_READY signal that is generated by passive addressed device (SRAM or PIOX-16) in
order to acknowledge that SB data are valid after SB is granted to requesting SB master. WheceSBed a

by the on-board TMS320C54x DSP master, 8t READY signal is logically connected to tHREADY pin

of TMS320C54x DSP, whereas foccgsses from host ISA-bus memory interface $i5e READY signal is
automatically processed by the S&ess controller of ISA-bus memory interface.

SB Data Cycle Formats

SB supports 16-bit data cycles only. The on-board TMS320CER master provides only 16-bit SB data
cycles whereas host ISA-bus memory interface can perform 8-bit or 16-bit ISA-bus memory cycles. In case hc
ISA-bus memory interface executes 8-bit ISA-bus cycle while accessing the SB areas, then LSB or MSB a
temporary stored in on-board register transceivers depending upon the memory read or memory write cycle
being performed correspondingly (see section 2.4).

SB Arbitration

When SB is requested by any of the SB masters (TMS320C54x DSP or host ISA-bus memory interface), the
some time is required to resolve the arbitration. This normally takes about 1-2 TMS3ZD&B4lock cycles.

In case TMS320C54x DSP is requesting SB while SB is occupied by host ISA-bus memory interface, then tf
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 provide Ow§ QRNADO-542L) or 1ws TORNADQO-548/549/5402/5410) for all further

SB accesses.

In case host ISA-bus memory interface is requesting SB while SB is occupied by TMS320C54x 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.
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SB Locking

The SB arbiter supports progra8B lockingin order to lock the SB access for processing of program
semaphores or shared PIOX-16 resources.

The SB locking by the on-board TMS320C54x DSP bus master is performed when D8Rdeflag in 1/0
expansion flag area (I0X).

CAUTION

Time interval between setting and resettibock flag by the on-board TMS320C54x DSHH
should not exceed dsec.

The SB locking by host ISA-bus memory interface master is performed by means of sett¥fg] GleOCK
or theSB_LOCK bits of CONTROL REGISTER by host ISA-bus I/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
TMS320C54x DSP bus master and may leatthte distortions of real-time data processinf.

2.3 TMS320C54x DSP Environment

The TORNADO-54x DSP systemstilize TMS320C54x high-performance 16-bit fixed pod$P from TI:
* 40MIPS TMS320C542 DSP ifORNADO-5421L
*  66MIPS/80MIPS TMS320LC548 DSP iRORNADO-548
* 100MIPS TMS320VC549 DSP inORNADO-549
+ 100MIPS TMS320VC5402 DSP iRORNADO-5402
+ 100MIPS TMS320VC5410 DSP iRORNADO-5410.

TMS320C54x DSP Address Space

TMS320C54x DSP supports three external address spaces (areas): prograata@@adand I/O area. Each
area can be accessed by a specific set of instructions. Address areas for on-board TMS320C54x DSP are
presented in table 2-2.
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Table 2-2. Address areas for TMS320C54x DSP in TORNADO-54x DSP systems.

Address area value on access address range wait states
of TMS320C54x DSP DSP RESET mode (in 16-bit words)
SRAM/PROGRAM area, which is - riw 0000H...FFFFH Ows/SWS-M
the shared resource of the on-board @PROG (TORNADO-542L)
SB and can be accessed by both (TORNADO-542L)
TMS320C54x DSP and host ISA-
bus memory interface 00000H...1FFFFH 1Ws/SWS-M
@PROG (TORNADO-
(TORNADO-548/549/5402/5410) 548/549/5402/5410)
SRAM/DATA area, which is the - riw 2800H...FFFFH Ows/SWS-M
shared resource of the on-board SB @DATA (TORNADO-542L)
and can be accessed by both (TORNADO-542L)
TMS320C54x DSP and host ISA-
bus memory interface (TORNADO-548/549/5410): 1Ws/SWS-M
page #0: 8000H..FFFFH (TORNADO-
@XDMPR=0 @DATA 548/549/5402/5410)
page #1: 8000H..FFFFH
@XDMPR=1 @DATA
page #2: 8000H..FFFFH
@XDMPR=2 @DATA
page #3: 8000H..FFFFH
@XDMPR=3 @DATA
(TORNADO-5402):
page #0: 4000H..FFFFH
@XDMPR=0 @DATA
page #1: 4000H..FFFFH
@XDMPR=1 @DATA
10X area: XDMPR register 0 riw 2000H 2ws/SWS-10
(extended data memory page (data memory @1/0 while XF=1
register), page#0 is (only bits DO/D1 are valid)
TORNADO-548/549/5402/5410 only selected)
10X area: XIOF-DATA register 0 riw 4000H 2ws/SWS-10
(I/O expansion flags data) @I1/0 while XF=1
(only bits DO/D1 are valid)
10X area: XIOF-DIR register 0 riw 4001H 2ws/SWS-10
(I/O expansion flags direction) (XIOF-0/1 @I1/0 while XF=1

are inputs)

(only bits DO/D1 are valid)
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10X area: XIO-CNF register 0 riw 4002H 2ws/SWS-10
(configuration register for XIO-0/1 (XIO-0/1 pins @1/0 while XF=1
pins of SIOX/PIOX-16 expansion are (TORNADO-5402
interface sites), configured as only bits DO/D1 are valid
TORNADO-548/549/5402/5410 only 1/0 pins)
TORNADO-548/549/5410:

only bit DO is valid)
10X area: MH_RQ register - w 8000H 2ws/SWS-10
(DSP_master-to-Host request flag) @I1/0 while XF=1

(data written is ignored)

10X area: Mlock register 0 riw 8001H 2ws/SWS-10
(SB lock by DSP_master flag) (no SB Lock) @1/0 while XF=1

(only bit DO is valid)
10X area: XRESET register 0 riw 8002H 2ws/SWS-10
(software reset signal for SIOX and (software @I1/0 while XF=1
PIOX-16 expansion interface sites), reset is OFF) (only bit DO is valid)
TORNADO-548/549/5402/5410 only
PIOX-16 area - riw 0000H...FFFFH 2ws/SWS-10 +

@I1/0 while XF=0 PIOX_READY
Notes: 1. ‘XF’ denotes XF output of TMS320C54x DSP.

N

10X area denotes 1/0 Expansion Flag controller, that is accessible with I/O cycles while XF=1.

3. ‘SWS-M’denotes recommended number of software wait states programmed in the PROGRAM and
DATA fields of TMS320C54x on-chip SWW SR register. The XPA bit of SWW SR register for

TMS320LC548/VC549 DSP of TORNADO-548/549/5402/5410 DSP system should be set to logical

‘0.

4,  ‘SWS-IO’denotes recommended number of software wait states programmed in the 1/O field of
TMS320C54x on-chip SWW SR register.

5.  The DROM bit of PMST register of TMS320VC5410 DSP should be set to DROM=0 value (default
value on DSP reset) in order to enable external data memory addressing for TMS320VC5410 DSP
and in order to access the on-board DATA memory of TORNADO-5410.

6. Register access modes: r - read only, w - write only, r/w - read/write.

PROGRAM and DATA SRAM Areas

TORNADO-54x on-board PROGRAM and DATA memory areas reside in the on-board SRAM, which has the
following capacity:

+ 128Kx16 Ows SRAM inTORNADO-542L

* 256Kx16 1ws SRAM inTORNADO-548/549/5402/5410.

Each PROGRAM and DATA memory area occupies one half of total SRAM capacity as the following:

* 64Kx16 program memory area and 64Kx16 data memory area (only 2BBBHH dcita address
space for TMS320C542 DSP iscassible) foTORNADO-542L

*  2x64Kx16 program memory area (pages #0 and #1 of extended program memory address space of
TMS320LC548/VC549/VC5402/VC5410 DSP) and either 4x32KXIBRNADO-548/549/5410)
or 2x64Kx16 TORNADO-5402) data memory area (overlapped pages of data memory in external
data memory address area of TMS320LC548/VC549/VC5402/VCB&R) which are selected by
the on-boardXDMPR register). Refer to the section below for details about extended data memory
addressing foTORNADO-548/549/5402/5410.
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IOX Area

TMS320C54x DSP environment GTORNADO-54x features special 1/0O expansion (I0X) flags area that is
allocated into 1/O area. 10X area is used BEP environment control and includes the following 10X
registers:

* MH_RQ generation registeDSP master-to-Host request)

*  MLock flag register (SB lock by DSP)

»  XIOF-0/1 control registers (I/0 expansion flags #0 and #1)

» XRESET flag register (software reset signal for SIOX/PIOX-16 expansion interface sites)

» XDMPR (extended data memory page) registef@RNADO-548/549/5402/5410 DSP systems.

CAUTION

IOX area is available during TMS320C5B$6P 1/0 accesses with the DSP’ XF output ﬂeﬂ
set to logical ‘1’. IOX area can be@essed only by TMS320C54x DSP and is not visibl
from host ISA-bus memory interface.

All 10X area registers are accessible with two software wait states programmed via SWWSR register ¢
TMS320C54x DSP. Deils about IOX area are described below in this section.

PIOX-16 Area and PIOX-16 expans ion interf ace site

TORNADO-54x provides 16-bit parallel /0 expansion interface (PIOX-16) site for compatible AD/DA/DIO
daughter card modules. PIOX-16 occupies 64Kx16 of DSP 1/O address space aradlalsleaduring
TMS320C54x DSP I/O@esses with the DSP’ XF output flag set to ‘0. PIOX-16 area candassed both by
the on-board TMS320C54x DSP and host ISA-bus memory interface.

Setting SWWSR and BSCR Control Registers of TMS  320C54x DSP

In order to benefit of full performance of TMS320C54x DSP and to provide correctiopeof on-board
hardware, be sure to setup TMS320C54x on-SiPWSR/BSCR peripheral access control registers in your
TMS320C54x DSP software as the following:

* the SWWSR register (software programmable wait state generator) of TMS3200SRxshould be
programmed to 0200H hex value fBORNADO-542L DSP system and to 2209H hex value for
TORNADO-548/549/5402/5410 DSP system. This corresponds to the followirtgjregs:

e on-board SRAM/PROGRAM memory area is accessed with OWORNADO-542L
and with 1ws inTORNADO-548/549/5402/5410
* on-board SRAM/DATA memory area is accessed with OWE@RNADO-542L and
with 1ws in TORNADO-548/549/5402/5410
» |OX area is accessed with 2ws (accessible from TMS320C54x DSP environment only)
* PIOX-16 I/O area is@essed with 2ws and further awaiting RIOX_READY signal

» theBSCR register (programmable memory bank switching) should be programmed to 0000H hex

value
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TMS320C54x HPI (host port interface)

TORNADO-54x offers access from host ISA-bus 1/O interface to TMS320C54x on-chip HPI (host port
interface). All HPI features are supported, including mutual interrupt generation between host ISA-bus 1/O
interface and TMS320C54x DSP. Fotalks about TMS320C54x HPI refer to original TI documentation and
see the corresponding section later in this chapter.

CAUTION

TORNADO-5421./548/549 DSP systemallow Host-toDSP communiation usingDSP on-
chip HPI port via dedicated 2Kx16 DSP on-chip shared memory area only (DSP dafga
memory address range 0x1000...0x17ff, which corresponds to Host HPI address rafjge
0x0000...0x07ff).

TORNADO-5402 DSP systenallows Host-tobSP communiation usingDSP on-chip HPI
port via entire 16Kx16 DSP on-chip memory (DSRadmemory address range
0x0060...0x3f, which corresponds to Host HPI address radx@060...0x3ff).

TORNADO-5410 DSP systenallows Host-tobSP communiation usingDSP on-chip HPI
port via entire 32Kx16 DSP on-chip memory (DSRadmemory address range

0x0060...0xTff, which corresponds to Host HPI address rabg@060...0xTff), as well as

via extended 32Kx16 SARAM1 DSP on-chip memory area (Dg& mhemory address
range 0x8000...0Hf, which corresponds to Host HPI address ra@g&8000. .. 0x fff).

The DSP on-chip HPI feature might be disabledT@RNADO-5402 DSP system via host ISA-bus 1/0O
interface in order to allow output from the sec@®®P on-chigimer (TM1I) to be available via on-board SIOX
and PIOX-16 expansion interface sites. Refer to st ISA-bus 1/O Interfac¢esection later in this chapter
for details how to enable/disable the HPI port F&l RNADO-5402 DSP systems.

Extended Data Memory Addressing with XDMPR register in TO ~ RNADO-548/549/5402/5410

TORNADO-548/549/5402/5410 allows the on-board TMS320LC548/VC549/VC5402/VC54D&P to
address data memory beyond conventional 64Kx16 data memory address range for
TMS320LC548/VC549/vC5402/vVC5410 DSP.

The extended data memory addressing for TMS3200B38R in TORNADO-548/549/5402/5410 DSP
system is performed by means of either two-BORNADO-548/549/5410) or one-bit TORNADO-5402)
external extended data memory page registéDMPR), which selects between fourT@RNADO-
548/549/5410) or two (TORNADO-5402) available overlapped external data memory pages while
TMS320LC548/VC549/5402/5410 DSRcasses external data memory avéBMPR might be accessed by
TMS320LC548/VC549/VC5402/VC5410 DSP via IOX area in accordance with table 2-2.

The on-board 128Kx16 DATA memory fAtORNADO-548/549/5402/5410 DSP systems is organized as the
multi-page memory with on-board extended data memory addressing hardware (extended data memory page
register XDMPR)), which is used to switch between these data memory pages frodSiheoftware. The
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data memory organization differs for differeMTORNADO-548/549/5402/5410 DSP systems as the
following:

on-board 128Kx16 DATA memory foFORNADO-548/549/5410 is organized as four pages of
32Kx16 each with each page being mapped into the 8000H..FFFFH@DATA offathipnémory
address space of TMS320LC548/vC549/5410 DSP

on-board 128Kx16 DATA memory fofORNADO-5402 is organized as two pages of 64Kx16 each
with each page mapped into the 4000H..FFFFH@DATA off-chtp chemory address space of
TMS320LC5402 DSP.

The extended data memory addressing for TMS320LC548/VC549/VCHa%@ in TORNADO-
548/549/5410 DSP systems operates as the following:

while data memory within OOOOHFFFH@DATA data memory address range is addressed by
TMS320LC548/VC549/VC5410 DSP, then the DSP on-chip RAM is selected

once data memory within 8000REFFH@DATA dcaita memory address range is addressed by
TM320LC548/VC549/VC5410 DSP, then external SRAM/DATA area is selected. Page #0 of
external SRAM/DATA area is selected wh®MPR=0. Correspondingly, page #1 of external
SRAM/DATA area is selected whilsDMPR=1, page #2 - whilXDMPR=2, and page #3 - while
XDMPR=3. The reset value ¥DMPR is ‘0’ in order to provide compatibility witTORNADO-
5421 DSP system.

CAUTION

The TMS320VC5410 DSP provides 64Kx16 of on-chapadmemory, which is allocated as
two blocks within 0000H..7FFFFH@DATA (DARAM and SARAM1) and
8000H..FFFFH@DATA (SARAM?) dta address areas.

Once the SARAM2 DSP on-chip memoryaitocated into th®SP on-chip memory by
setting bit DROM=1 from th®MST register of TMS320VC5410 DSP, then the externg
DATA memory of TORNADO-5410 is not available for TMS320VC541I0SP, and their is
no communication betweddSP and host ISA-bus memory interface via DATA memaory
area.

Your DSP software should set bit DROM=0 (default value on DSP reset) of PMST regigfer of
TMS320VC5410 DSP in order to disable SARAM2 DSP on-chip memory and to enafjle
external DATA memory feature for TMS320VC5410 DSP via 128Kx16 on-board DAT

memory of TORNADO-5410.

The extended data memory addressing for TMS320VCBER in TORNADO-5402 DSP system operates as
the following:

while data memory within OOOOHEEFH@DATA data memory address range is addressed by
TMS320VC5402 DSP, then the DSP on-chip RAM is selected

once data memory within 4000REFFH@DATA dcaita memory address range is addressed by
TM320VC5402 DSP, then external SRAM/DATA area is selected. Page #0 of external
SRAM/DATA area is selected whilSDMPR=0 and page #1 of external SRAM/DATA area is
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selected whileXDMPR=1. The reset value ¥DMPR is ‘0’ in order to provide compatibility with
TORNADO-542L DSP system.

XDMPR register might be accessed by TMS320LC548/VC549/VC5402/VC5410 DSP via IOX area in
accordance with table 2-2XDMPR register is available during both read/write 1/0O cycles and has the
following data format (note, that bXDMP-1 is ignored forTORNADO-5402 DSP system):

XDMPR 10X Register (r/w)

X X X X X X X XDMP-1 XDMP-0
(TORNADO-548/549/5410 only)

bits 15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

XIO-0/1 Pins of SIOX/PIOX-16 Interface Sites and XIOF-0/1 I/O Flags

XIO-0/1 pins of TORNADO-54x on-board SIOX/PIOX-16 interface sites might be configured either as I/O
pins or as on-board TMS320C54x D&fRer outputs.

When XI0-0/1 pins are configured as I/O pins, then the correspondi®d-0/1 1/O flag appears on th¥/O-
0/1 pin. Each ofXIOF-0/1 1/0O flags is controlled by th&/OF-DATA and XIOF-DIR |0X registers and might
be independently programmed by TMS320CBSP as input or output flag.

XI0-0/1 pins of SIOX/PIOX-16 interface sites BIORNADO-54x DSP systems an¥/OF-0/1 1/O flags are
controlled by TMS320C54x DSP software via 10X area in accordance with table 2-2 and occupies several
registers in the IOX area:
*  XIOF-DIR 10X register KIOF flags direction register)
*  XIOF-DATA IOX register KIOF flags data register)
*  XIOF-CNF 10X register (configuration register fof/O pins of SIOX/PIOX-16 expansion interface
sites), TORNADO-548/549/5402/5410 DSP systems only.

CAUTION

Different TORNADO-54x DSP systems provide different options for configuring
XI0O-0/1 pins of on-board SIOX/PIOX-16 interface sites.

Configuring X10-0/1 Pins of SIOX/PIOX-16 Interf ace Sites for TORNADO-542L DSP System

TORNADO-542L DSP system provides hardware confajion for X/O-0 pin of SIOX/PIOX-16 interface
sites via the on-board J3 jumper, whereasXi2-1 pin of SIOX/PIOX-16 interface sites is always configured
as I/O pin.
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CAUTION

TORNADO-542L DSP system assum&$0-0 pin of SIOX/PIOX-16 interface sites to be
configured by the on-board J3 jumper (see fig.A-1) as either I/OIDH-0 IOX flag) or as
TMS320C542 DSP on-chifimer output {M).

XIO-1 pin of SIOX/PIOX-16 interface sites GIORNADO-5421 DSP system is always
configured as I/O pinX/OF-1 10X flag).

Configuring XI0O-0/1 Pins of SIOX/PIOX-16 Interf ace Sites
for TORNADQO-548/549/5402/5410 DSP Systems

TORNADO-548/549/5402/5410 DSP systems rev.2A provides extremely flexible software control for
configuration ofX/O-0/1 pins of the on-board SIOX and PIOX-16 expansion interface sites visIQWENF
IOX register, which might be accessed by the on-board DSP.

CAUTION

Revision 1.x of TORNADO-548/549 DSP systems did not provide software confagian

feature forX/O-0 pin of SIOX/PIOX-16 interface sites as either I/O pin or TMS320C54n

DSPtimer output. Instead, the on-board jumper was used for setting configuraiéf-6f
pin as either 1/O pin or TMS320C54x D8mer output TM).

CAUTION

TORNADO-548/549/5410 DSP systems assumx¢O-0 pin of SIOX/PIOX-16 interface
sites to be software configured as either I/O ptOF-0 10X flag) or as TMS320C54x DSH
on-chip timer output TM).

XIO-1 pin of SIOX/PIOX-16 interface sites TORNADO-548/549/5410 DSP systems is
always configured as 1/O pirtK(OF-1 10X flag).
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CAUTION

TORNADO-5402 DSP system assum&3$0-0 pin of SIOX/PIOX-16 interface sites to be
software configured as either 1/0O piK/OF-0 10X flag) or as TMS320VC5402 DSP on-chifp
timer output TM).

XIO-1 pin of SIOX/PIOX-16 interface sites GORNADO-5402 DSP system is always
configured as I/O pinX/OF-1 10X flag) in case the HPI port of on-board TMS320VC54(p
DSP is enabled. In case the HPI port of on-board TMS320VC5402 DSP is disabled, thgn the
XIO-1 pin of SIOX/PIOX-16 interface sites might be configured as either I/OXOR-1

IOX flag) or as output of the second TMS320VC5402 DSP on-atmigr (TMI).

~

XIO-CNF 10X register configures th&/O-0 pin andX/O-1 pin (TORNADO-5402 only) of SIOX/PIOX-16
expansion interface sites ®ORNADO-548/549/5402/5410 DSP systemsX/O-CNF IOX register might be
accessed by TMS320C54x DSP via 10X area in accordance with table 2-2, and has the folitaviogeat:

XIO-CNF I0X Register (r/w)

X X X X X X X XIO-1_CNF XI0-0_CNF
(TORNADO-5402) (TORNADO-548/549/5410)

bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Logical ‘0’ for XIO-0_CNF bit (this value is set as default on the DSP reset) denotes th¥{@@ pin of
SIOX/PIOX-16 expansion interface sites BORNADO-548/549/5402/5410 DSP systems is configured as
the XIOF-0 1/O flag. Logical ‘1’ for XIO-0_CNF bit denotes that th&/O-0 pin of SIOX/PIOX-16 expansion
interface sites ofTORNADO-548/549/5402/5410 DSP systems is configured as the DSP on-diper

output (TM).

For TORNADO-548/549/5410 DSP systems th&/OF-1 1/O flag is directly wired to SIOX and PIOX-16
expansion interface sites as it is availabl@@RNADO-542L DSP system.



Chapter 2. System Architecture and Construction 25

CAUTION

The XIO-1_CNF bit of XIO-CNF 10X register is available fof ORNADO-5402 DSP
systems only.

The XIO-1_CNF bit might be set by on-board TMS320VC5402 DSP software only wher]|the

DSP HPI port is disabled by host PC software (refer toHlost ISA-bus I/O Interface

section later in this chapter for details how to enable/disable the HPI p@®@fNADO-
5402 DSP systems).

It is recommended that the on-board TMS320VC5402 DSP software verifies the post-Write

value of XIO-1_CNEF bit of XIO-CNF IOX register in case th&/O-1_CNF=1 state should

be programmed. Once th€O-1_CNF bit does not set to th¥/O-1_CNF=1 state, then the
HPI port is enabled.

In case the TMS320VC5402 DSP on-chip HPI port F&RNADO-5402 is disabled (refer toHost ISA-bus
I/O Interface section later in this chapter for details how to enable/disable the HPI pdrORNADO-5402
DSP system), then the output of second TMS320VC5402 DSP oritteip (TM1) might be programmed to
appear on th&/O-1 pin of SIOX/PIOX-16 expansion interface sites in caseXl®@-1_CNF bit of XIO-CNF
IOX register is set to logical ‘1’. In case th8O-1_CNF bit of XIO-CNF 10X register is set to logical ‘0’,
then theX/O-1 pin of SIOX/PIOX-16 expansion interface sites is configured/éy-1 1/O flag.

Once the TMS320VC5402 DSP on-chip HPI port T@RNADO-5402 DSP system is enabled, then X#©-
1 CNF bit of XIO-CNF I0X register is ignored and thdO-1 pin of SIOX/PIOX-16 expansion interface sites
of TORNADO-5402 DSP system is configured X30F-1 1/O flag.

CAUTION

Enable/disable control for TMS320VC5402 DSP on-chip HPI porT@RNADO-5402
DSP system might be changed only while DSP is in the reedet(sefer toHost ISA-bus 1/0
Interfaceé section later in this chapter for details how to enable/disable the HPI port fgJr
TORNADO-5402 DSP system).

XIOF-0/1 I/O Flags

XIOF-0/1 /O flags are used as expansion of DSP I/Qlifees and might be configured to be available at the

XI0-0/1 110 pins of TORNADO-54x on-board SIOX/PIOX-16 interface sites for control of compatible

daughter-card modules. Each XfOF-0/1 1/0O flags might be independently programmed as input or output
flag.

XIOF-0/1 flag control registers are available within the 10X area of TMS32038R environment in
accordance with table 2-2 and comprise of the following registers:

*  XIOF-DIR 10X register KIOF flags direction register)

*  XIOF-DATA IOX register KIOF flags data register)
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XIOF-DIR register configures direction fof/OF-0/1 1/O flags and might be accessed by TMS320C54x DSP
via IOX area in accordance with table 2-2, and has the following data format:

XIOF-DIR 10X Register (r/w)

X X X X X X X XIOF-1_DIR XIOF-0_DIR

bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Logical ‘0’ for XIOF-0_DIR and XIOF-1_DIR bits corresponds to configuring the correspondi@F-0/1
I/O flag as input, whereas logical ‘1’ corresponds to configuring the correspoxd®g-0/1 1/O flag as
output. XIOF-0_DIR and XIOF-1_DIR bits of XIOF-DIR register defaults to ‘0O’ during DSP reset.

XIOF-DATA register specifies current state X¥OF-0/1 1/0O flags and might be accessed by TMS320C54x
DSP via IOX area in accordance with table 2-2, and has the followtiagfarmat:

XIOF-DATA 10X Register (r/w)

X X X X X X X XIOF-1 XIOF-0

bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Note, that in case any &flOF-0/1 1/O flags is configured as input, then writing to the corresponding bit of
XIOF-DATA register is ignored, however data written will be holXI®F-DATA register and will appear on
XIOF-0/1 output as soon as it will be configured as the output.

SB Locking by the on-board TMS 320C54x DSP Master

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

SB locking/unlocking by the on-board TMS320C54x DSP master is performed by medheak I0X flag
(see table 2-2)MLock flag can be set/reset by TMS320C54x DSP via IOX area in accordance with table 2-2.
Note, that when writing or reading to/frolfiLock IOX register, only bit DO is valid:

Mlock 10X Register (r/w)
X X X X X X X X X X X X X X X MLock
bit-15  bit-14  bit-13  bit-12  bit-12  bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

WhenMLock flag is set to logical ‘0’ (this value is set as default on TMS320C54x DSP reset), then there is no
active SB locking from on-board TMS320C54x DSP, and both TMS320C54x DSP and host ISA-bus memory
interface can access shared SB resources.

When MLock flag is set to logical ‘1’, then there active SB locking from on-board TMS320C542 DSP and SB
access from host ISA-bus memory interface will be pending until SB will be unlocked by TMS320C54x DSP
(MLock flag will be set to logical ‘0’).

The SB lock-to-unlock time interval is not limited BYRNADO-54x hardware, however long duration of SB
locking by DSP may caudineout &cess faults for SB accesses by host ISA-bus memory interface.
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The following is an example of C-code for TMS320C54x DSP that demonstrates processing of software shar
semaphore using SB locking technique:

ioport unsigned port8001; /* declare MLock I/O port */
#define SET_XF1 asm(“ ssbx xf") /* declare MACROS to set XF=1 */
int Sem; /* declare software shared semaphore Sem */
é.ET_XFl;
while (1)
{
port8001=1; /* lock SB */
if (Sem==0) break; /* verify for semaphore is free (Sem=0)*/
port8001=0; /* unlock SB and repeat */
}
Sem=1; /* semaphore is free, set it to Sem=1 */

port8001=0; /* and unlock SB */

/* perform some critical data processing */

port8001=1; /* reset semaphore using SB locking */
Sem=0;

port8001=0; /* unlock SB */

Note that TORNADO-54x provide hardware timeout control for SB granting wait time. This hardware
timeout interval is setup to|ésec. In case timeout will occur due to SB lockindX8P, theSB_ERROR flag

in FLAG STATUS REGISTER of host ISA-bus I/0O interface will be set to t8 ERROR=1 state. This

will result in cancellation of all further SB requests from host ISA-bus memory interface until the
SB_ERROR flag will be reset to th&B_ERROR=0 state by host PC software.

CAUTION

Time interval between SB locking and unlocking by the on-board TMS3200S®xshould
not exceed fusec to avoid timeout on host-to-Secass.

Generating DSP-to-host requests

TORNADO-54x supports attention request (interrupt request) from the on-board TMS320&#4%0 host
IBM PC CPU in order to synchronize between program execution in host and on-board DSP environment
Two methods for generation DISP-to-host requests are supported @RNADO-54x:
*  MH_RQ (master to host request), that results in settingag RQ in SYS_STATUS_FRG flag
register in host ISA-bus 1/O interfac®elH_RQ is generated when the on-board TMS320C54x DSP
executes /O write cycle tfH_RQ IOX register (see table 2-2). Data written to this 1/O port is
ignored. Generation dffH_RQ DSP-to-host request results ity flag MH_RQ in FLAG
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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 tidH_RQ_IE=1 state.. The following is an example of C-code for
TMS320C54x DSP that generates request to the host PC:

ioport unsigned port8000; /* declare MH-RQ 1/O port */
#define SET_XF1 asm(“ ssbx xf") /* declare MACROS to set XF=1 */
SET_XF1,;

port8000=0; [* DSP-to-host request is generated */

e HPI_HINT (host interrupt request via HPI), that results in setting/litT of HPIC register of
TMS320C54x HPI and flaglPI_HINT in SYS_STATUS_FRG flag register of host ISA-bus I/O
interface.HPI_HINT can generate active host PC interrupt request inldBsgHINT_IE bit in
HPI_IE_FRG flag register from host ISA-bus 1/O interface is set/ff_HINT_IE=1 state.

Processing request from host PC

TORNADO-54x supports attention request (interrupt request) from host PC to TMS32@&32hin 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 iORNADO-54x:
*  HM_RQ (host to master request), that results in generation of diti@external interrupt request
for the on-board TMS320C54x DSP. In order to generate ottpUtRQ 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 TMS320C54x DSP should provide processid 1@ 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.
e  HPI_DSPINT (host-to-DSP interrupt via HPI), that results ittiag bit DSPINT in HPIC register of
TMS320C54x HPI and generatiéfP/INT on-chip interrupt request for TMS320C54x DSP. In order
to generatésP/_DSPINT interrupt request to DSP, host PC software has to write 0505H hex value
to HPIC register of TMS320C54x DSP via host ISA-bus I/O interface. User software for the
TMS320C54x DSP should provide processing/B¥/NT interrupt request in accordance with
software requirements. This is ti®@RNADO-54x specific method for generation of host-to-DSP
request, and it is recommended for simulation of ho&88&-communiation via TMS320C54x DSP
on-chip HPI.

External hardware interrupts for TMS320C54x DSP

TORNADO-54x on-board TMS320C54x DSP supports four external hardware interrupt retEStsINT3
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-16 daughter modules
* INT3is on-board wired for software requétt!_RQ from host PC to TMS320C54x DSP.

TORNADO-54x hardware provides direct wiring of external interrupt request source signals to the
correspondindNTO...INT3 pins of TMS320C54x DSP chip. AINTO...INT3 external interrupt request pins of
TMS320C54x DSP are edge-triggered (active interrupt is generatedlinog €dge) and allow pulse,$40ns)

or static external interrupt request signals to applied to these input pins.



Chapter 2. System Architecture and Construction 29

SIOX interface sites

TORNADO-54x provides two serial 1/0O expansion interface (SIOX) sites (SIOX-A and SIOX-B) for
compatible AD/DA/DIO daughter card modules.

SIOX comprises of the TMS320C54x DSP-on-chip BSP/TDMasgorts control lines (BSP/TDM/BSP1 for
TORNADO-548/549/5402/5410), DSP-on-chigimer output,X/IOF-0/1 1/O flags, INTO..2 external interrupt
requests and5v/+12v ISA-bus power supply lines. For details about SIOX sites refer to the corresponding
section later in this chapter.

Generating Reset Signal for SIOX/PIOX-16 Expansion Interf —ace Sites
for TORNADO-548/549/5402/5410

TORNADO-548/549/5402/5410 generates reset signal for SIOX and 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 (theM_ GO bit of CONTROL REGISTER from host ISA-bus I/O interface
is set)
» XRESET IOX flag is set by the on-board DSP software.

The XRESET 10X flag allows optional run-time reset of the SIOX/PIOX-16 daughter-card hardware and its
correct synchronization with tH2SP software.

XRESET IOX flag register might be accessed by TMS320LC548/VC549/VC5402/VC5410 DSP via IOX area
in accordance with table 2-2. Note, that when writing or reading to/MBEBSET I0X register, only bit DO is
valid:

XRESET-IOX Register (r/w)

X X X X X X X X X X X X X X X XRESET

bit-15 bit-14 bit-13 bit-12 bit-12 bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

The reset signal for SIOX/PIOX-16 expansion interface sites might be set active whEREISET bit of
XRESET flag register is set to logical ‘1’ by the DSP softwareitiy logical ‘0’ to the XRESET bit, which

is also the default value on the DSP resdt,release the reset signal for SIOX/PIOX-16 expansion interface
sites and will allow operation of the SIOX/PIOX-16 daughter-card hardware.

2.4 Host ISA-bus Memory Interface

Host ISA-bus memory interface BORNADO-54x is designed to transfer data between host PC environment
and TORNADO-54x on-board SRAM/PIOX-16 SB resources without any software overhead for both host PC
and on-board TMS320C54x DSP sides.

The SB address space appears in host ISA-bus memory interface as a series of dual-accebar8dKB
memory pageéSMP), which are mapped onto the ISA-bus UMB (upper memory blocks) memory window by
means ofSB PAGE MAPPER register in host ISA-bus 1/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 wit
SMP, or by means of block data transfers between PC main memo&§MRdising either host i80x286 CPU
MOVSB/MOVSW/etc instructions or host DMA controller.
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Host ISA-bus memory interface issues SB request and provides SB access using 16-bit data cycles each time
host PC performs ISA-bus memory read/write cycle within the ISASMEP 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) memory
address range by means of programming/$#e MI_BADDR_FRG flag register fromTf ORNADO-54x host

ISA-bus I/O interface (see section 2.5) in accordance with predefined configuration settings in table 2-3. Only
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

Table 2-3. 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 ... D7FFFH 1 0 0
D8000H D800OOH ... 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-54x, as well as all otheFORNADO DSP systems for PC ISA-bus hosts, offers software control
for the SMP activity, i.e. switchingSMP to either ‘ON’ or ‘OFF’ $ate in ISA-bus memory address space.
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CAUTION

SMP is activated and appears in ISA-bus memory address space after loading any nop-zero
value to/SA_MI_BADDR_FRG flag register in accordance with table 2-3.

SMP is de-activated and disappears from ISA-bus memory address space after loadifj the
zero value tdSA_MI_BADDR_FRG flag register.

Software control oveEMP activity in TORNADO-54x delivers rational usage of deficit UMB area in host PC
and allows multiplefTORNADO DSP systems to operate within one PC environment.

Software A pplications for ISA-bus Memory Interface

Once TORNADO-54x host ISA-bus memory interface provides direct mapping of 38348 onto ISA-bus
UMB window, the following host-to-SB data transfer techniques are applicable:
» random access to variables or data arraftocated within th&SMP by host PC software
* block data transfers using MOVS/MOVSB/MOVSW instructibhest PC i80x86 CPU
» block data transfers under control of host PC DMA contralilsing memory-to-memory or memory-
to-port transfer cycles.

Operation Description for ISA-bus Memory Interface

The SB access from host ISA-bus memory interface is performed under hardware control of the on-boa
programmabl&SB Access Controlldrom ISA-bus interface oTORNADO-54x. Timing diagram for SB read
cycle invoked by ISA-bus memory interface is presented at fig.2-3.

ISA_MR

SARDY -—

SB_RQ

Twa | Twr—

SB_ACK

SB_STB

L##Ider##Aﬂ

SB_READY

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

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&J=0)
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;=50ns

delay. After that, the SB access cycle will be generated by host ISA-bus memory interfa88 v#thB signal
set to theSB_STB=0 state. Host ISA-bus memory interface will now wait &8 READY signal comes true
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(SB_READY=0) in order to finish current SB access cycle. SB data ready ssghad®EADY will come true
(SB_READY=0) after T ;4 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 accessing on-board SRAM area, whereas accesses PIOX-16

interface require at least 1ws with further awaiting RSOX_READY signal sets true. Afte6B_READY
signal sets true, thBB_RQ signal is removedSB_RQ=1) and/SA_RDY signal is set tdSA_RDY =1 state
in order to finish current ISA-bus memory access cy8B. ACK signal will return to its inactive state
(SB_ACK=1) within T,,,~25ns aftetSB_RQ will be removed $8_RQ=1).

SB Access Timeout Control

TORNADO-54x provides hardware timeout control for wait times for SB granting andSBrREADY
signals when SB is accessed by host ISA-bus memory interface. This is required in order to avoid idling and
crashing of host PC environment.

The Hardware timeout for both SB granting and SB data ready varies for diffBEBBRWADO-54x DSP
systems and are equal to:

e 6.2pusec for 40 MIPSTORNADO-542L

* 3.1pusec for 80 MIPSTORNADO-548

* 2.5psec for 100 MIPSORNADO-549/5402/5410.

Once SB granting timeout occurs, t88_ ERROR bit in CONTROL REGISTER from host ISA-bus 1/O
interface is set taSB_ERROR=1 state. This will cancel all soeeding SB requests from host ISA-bus
memory interface untiSB_ERROR bit will be reset by host software. However, there is no error bit set in
case of SB data ready timeout.

Data Formats for Host SB Data Access Cycles
TORNADO-54x supports only 16-bit SB dataaess cycles for both DSP and host ISA-bus memory interface.

However, PC can accesVIP using both 8-bit and 16-bit ISA-bus memory cycles. In case 16-bit ISA-bus
memory cycle is generated withiBMP address space, then this will result in immediate generation of SB
request and SB access cycle on SB grant. However, when 8-bit ISA-bus memory cycle is generated within
SMP address space, then SB request will be generated only in case MSB (most significant byessedia
during ISA-bus memory write cycle or LSB (least significant byte) is accessed during ISA-bus memory read
cycle. The corresponding LSB for memory write cycle is taken from the on-board register transceiver, that
keeps LSB data since previouscess to LSB during ISA-bus memory write cycle. Similar, the corresponding
MSB will be latched in on-board register transceiver during memory read from LSB, and will be read later
when ISA-bus memory read cycle to MSB will be generated.

SB Locking by Host ISA-bus Memory Interface

SB locking is used in order to lock SB access when processing software shared semaphores allocated in
SRAM/PIOX-16 SB resources.

SB locking by ISA-bus memory interface may be set by means of setting eith&BtheLOCK 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.



Chapter 2. System Architecture and Construction 33

SB_GLOCK

ISA_ MR

SB_RQ

LTwaﬂ‘ Twr L" LTwaﬂ‘ Twr L’{

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

LTw a— Twr L“ LTw a— Twr \—"

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.

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 TMS320C54x DSP (in case it requestsdo SB
data) and may lead to significant time distortions of real-time data processing.

2.5 Host ISA-bus /O Interface

TORNADO-54x host ISA-bus 1/O interface should be used T@RNADO-54x system control, accessing
TMS320C54x DSP on-chip HPI, and interrupt handshaking between host PC CPU and TMS320C54x DSP.
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I/O Base Address of Host ISA-bus I/0O Interface

Host ISA-bus I/O interface occupies sixteen 8-bit registers inside 1ISA-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.2-2) in
accordance with predefined settings listed in table 2-4.

Table 2-4. 1SA-bus I/0O base address for host ISA-bus 1/O interface.

ISA-bus I/O base address for Host ISA-bus I/O address button button button
ISA-bus /O interface 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-54x 1SA-bus 1/O interface registers is presented in table 2-5.
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Table 2-5. 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 10H CONTROL REGISTER
#3 BA+3 riw - FLAG DATA REGISTER
or
r - FLAG STATUS REGISTER
w - FLAG CONTROL REGISTER
#403 BA+403H 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) register (TMS320C54x HPI)
documentation
#9 BA+9 riw see Tl HPIC (MSB) register (TMS320C54x HPI)
documentation
#10 BA+10 riw - HPI Data Latch (LSB) register (HPIDAI) with HPI address
autoincrement facility (TMS320C54x HPI)
#11 BA+11 riw - HPI Data Latch (MSB) register (HPIDAI) with HPI address
autoincrement facility (TMS320C54x HPI)
#12 BA+12 riw - HPI Address Latch (LSB) register (HPIA), (TMS320C54x
HPI)
#13 BA+13 riw - HPI Address Latch (MSB) register (HPIA), (TMS320C54x
HPI)
#14 BA+14 riw - HPI Data Latch (LSB) register (HPID) without HPI address
autoincrement facility (TMS320C54x HPI)
#15 BA+15 riw - HPI Data Latch (MSB) register (HPID) without HPI address
autoincrement facility (TMS320C54x HPI)
Notes: 1. ‘BA’ denotes ISA-bus I/O base address of host ISA-bus I/O interface in

accordance with table 2-5.
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2. Register access modes: r - read only, w - write only, r/w - read/write.
3. Al HPI registers access should be performed with bit BOB of HPI HPIC register being set
to BOB=1 value. This correspond to LSB first data transmission protocol for ISA-bus host.

SB PAGE MAPPER Register

Registers #0 and #1 aFORNADO-54x 1SA-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 PROGRAM/DATA/IO SB areas in 16Kx16 (32Kx8) increments. Reset valuBBfaPAGE
MAPPER register is 0.

SB PAGE MAPPER LSB register comprises of bitd14..A15 for TORNADO-542L, of bits A14..A16 for
TORNADO-5402, and of bitsA14..A17 for TORNADO-548/549/5402/5410 of SB address andfO and
D/P SB area selector bits. All other bits 6B PAGE MAPPER LSB and SB PAGE MAPPER MSB
registers are ignored on writing and are read as zerosAUhA13 bits of SB address for 16-bit SB words
within SMP are derived from ISA-bus memory address 4 AI1..ISA Al4, whereas address A A0

is used to select particular byte within addressed 16Mf® SB word.

SB PAGE MAPPER (LSB) (rlw)

0 0 0 0 0 0 Al5 Al4
(TORNADO-5421/5402) (TORNADO-542L)
Al7 Al6

(TORNADO-548/549/5410) | (TORNADO-548/549/5402/5410)

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

SB PAGE MAPPER (MSB)  (riw)

/o] D/P 0 0 0 0 0 0

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

Particular SB area accessed is defined by Bk and D/P of SB PAGE MAPPER MSB register in
accordance with table 2-6.
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Table 2-6. SB Area Selector for Host-to-SB Accesses.

SB Area 1/0 bit D/P bit
of SB PAGE of SB PAGE
MAPPER MSB MAPPER MSB
register register
SRAM/PROGRAM area 0 0
64Kx16 for TORNADO-542L
128Kx16 for TORNADO-548/549/5402/5410
SRAM/DATA area 0 1
64Kx16 for TORNADO-542L
128Kx16 for TORNADO-548/549/5402/5410
PIOX-16 area 1 X
(64Kx16)
Note: 1. Highlighted configuration corresponds to default power-on setting.

It is important to note some specifics of extended memory addressifgORNADO-548/549/5402/5410
DSP system.

CAUTION

If SRAM/PROGRAM area (128Kx16) oFORNADO-548/549/5402/5410 is selected, then
bits A14..A16 of SB PAGE MAPPER LSB are used, and bA17 is ignored.

If SRAM/DATA area (4x32Kx16) ofTORNADO-548/549/5410 is selected, then all
Al4..A17 bits of SB PAGE MAPPER LSB are used, however actual SB access is
performed only if bitA14=1, i.e. the addressed DATA memory area corresponds to tHe

TMS320LC548/VC549/VC5410 DSP off-chimth memory area.

If SRAM/DATA area (2x64Kx16) ofORNADO-5402 is selected, then bis14..A16 of
SB PAGE MAPPER LSB are used, however actual SB access is performed only if biﬂs
{A15, Al6}are any of the {1,0}, {0,1} and {1,1} combinations, i.e. the addressed DAT.
memory area corresponds to the TMS320LC5402 DSP off-ctgprdemory area.

CONTROL Register

Register #2 ofTORNADO-54x ISA-bus 1/O interface is calle@ONTROL REGISTER. It used for reset
control of on-board TMS320C54x DSP, for configtion of ISA-bus memory interface and f06P-to-host

interrupt communication.
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CONTROL REGISTER (r/w)

SB ERROR_IE | MH_RQ_IE 0 1 SB LOCK | SB_GLOCK 0 M_GO
(reserved) (reserved) (reserved)

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

Table 2-7 contains detail description for bits and bit field€OGINTROL REGISTER. Note, that some bits of
CONTROL REGISTER are reserved for compatibility with oth@ORNADO DSP systems, and are ignored
on writing and read as showbave.

Table 2-7. Bit description of CONTROL REGISTER.

bit of CONTROL power on default description
REGISTER state
M_GO 0 On-board TMS320C54x DSP reset line control:
. ‘0’ corresponds to the ‘RESET state for the on-board
TMS320C54x DSP

. ‘1’ corresponds to the ‘RUN’ state for the on-board
TMS320C54x DSP (i.e. the on-board DSP is in the program
execution mode)

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

SB LOCK 0 Shared Bus 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.

MH_RQ_IE 0 Master TMS320C54x 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!I_HINT_IE & HPI_HINT) logic terms.

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) logic terms.

Access ing TMS 320C54x DSP on-c hip HPI port

TORNADO-54x host ISA-bus 1/O interface supports optional DSP-to-host comratimricvia TMS320C54x
DSP on-chip HPI port (refer to original Tl docuntetion about details on TMS320C54x HPI port).
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CAUTION

The TMS320C54x DSP on-chip HPI port feature is always enabled for
TORNADO-5421/548/549/5410 DSP systems.

In TORNADO-5402 DSP systems, the TMS320VC5402 DSP on-chip HPI port might He
enabled/disabled by host PC software viakti¥ DISABLE bit of HPI_IE_FRG flag
register (see subsection below in this section). This feature also allows alternativd
disable/enable for output of the second TMS320VC5402 DSP ortiatep for SIOX and
P1OX-16 expansion interface sitesTRNADO-5402 in accordance with th¥/OF-
TM_CNF IOX register from the TMS320VC5402 DSP environment (B&P
Environmeritsection earlier in this chapter).

CAUTION
The TMS320C54x DSP on-chip HPI port BORNADO-5421/548/549/5410 DSP systems
can operate when DSP is either in the ‘RESET’ or ‘RUbites

The TMS320C5402 DSP on-chip HPI portl@ddRNADO-5402 DSP system can operate
only when DSP is in the ‘RUN'tate.

Along with the on-board SB SRAM, the TMS320C54x DSP HPI port is ano#tarphth for communication
between DSP and host via DSP shared memory areas.. Alongatdtlfcammunication, mutu&SP-to-host
(HPI_HINT) and host-to-DSPHP!_DSPINT) interrupts are supported. On the host PC sidef¥Ae HINT
DSP-to-host interrupt can be indivally masked and generate PC ISA-bus interrupt.
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CAUTION

TORNADO-5421/548/549 DSP systenallows Host-toBDSP communiation usingDSP on-
chip HPI port via dedicated 2Kx16 DSP on-chip shared memory area only (DSP dafga
memory address range 0x1000...0x17ff, which corresponds to Host HPI address rafjge
0x0000...0x07ff).

TORNADO-5402 DSP systenallows Host-tobSP communiation usingDSP on-chip HPI
port via entire 16Kx16 DSP on-chip memory (DSRadmemory address range
0x0060...0x3f, which corresponds to Host HPI address radx@060...0x3ff).

TORNADO-5410 DSP systenallows Host-tobSP communiation usingDSP on-chip HPI
port via entire 32Kx16 DSP on-chip memory (DSRadmemory address range

0x0060...0xTff, which corresponds to Host HPI address radg@060...0xTff), as well as

via extended 32Kx16 SARAM1 DSP on-chip memory area (Dg& mhemory address
range 0x8000...0Hf, which corresponds to Host HPI address ra@g&8000. .. 0x fff).

CAUTION

All host-to-HPI accesses to HPIC, HPIDAI, HPIA, XHPIA and HPID registers of
TMS320C54x DSP HPI should be performed as to 16-bit I/O registers only. Aagiamoof
this may result in invalid data passed.

Bit BOB of HPIC register should be set to logical ‘1’ prior any further data transfer will|pe
performed via HPI and HPI address will be loaded. This corresponds to LSB first
communication via ISA-bus.

Timeout Control for Host-to-HPI Accesses

Normally, in case the TMS320C585P is executing the program while tB&ODE bit of HPIC register is
set to logical ‘1’ (this corresponds to shared mode faressing HPI shared RAM area), or in case the
SMODE bit of HPIC register is set to logical ‘0’ (this corresponds to host-only modedessing HPI shared
RAM area), then HPI will immediately respond to hostess and will set thelPI_READY hardware signal

to the ‘true’ state almost without any wait states for host ISA-bus I/O interface.

However, in cas&SMODE bit of HPIC register is set to logical ‘1" and HPI iscassed by host ISA-bus 1/0
interface after TMS320C54x DSP has executed effBeE 2 or IDLE 3 instruction (which results in DSP on-

chip clock stopped), this host-to-HPI access will be pended withHfPle READY hardware signal set to
‘false’ state untilDSP clock ill recover after eceiving \alid DSP interrupt. This might result in infinite host
ISA-bus idling and crashing of host PC environment unless special hardware timeout control for host-to-HPI
access cycles was not used inTAIRNADO-54x DSP systems.
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In order to avoid infinite host ISA-bus idlin@ORNADO-54x host ISA-bus I/O interface features hardware
timeout control for host-to-HPlcaesses. The timeout interval for host-to-HBtesses varies for different
TORNADO-54x DSP systems and is equal to:

e 6.2pusec for 40 MIPSTORNADO-542L

e 3.1pusec for 80 MIPSTORNADO-548

* 2.5psec for 100 MIPSORNADO-549/5402/5410.

Once HPI timeout will occur (in cageSP clock is stopped while host executes host-to-HPI access), this will
result in setting activeHPI_ERROR flag (HPI_ERROR=1) in SYS_STATUS FRG flag register.
Furthermore, oncélP/_ERROR flag is set, all stceeding host-to-HPI accessead e canceled and returned
data will be invalid until host will recognize and cle&P/ ERROR flag by means of writing to
CLEAR_HPI_ERROR_FRG flag register.

CAUTION

If SMODE bit of HPIC register is set to logical ‘1’ and HPI ixcassed by host ISA-bus 1/G
interface after TMS320C54x DSP has executes el 2 or IDLE 3 instruction, this will
result in pending host-to-HPI access and may cause host-to-HPI access timeout, whidh will
result in setting/P/_ERROR flag in SYS_STATUS_FRG flag register and cancellation
all suicceeding host-to-HPI accessesiluA/Pl_ 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 #403 GTORNADO-54x ISA-bus 1/O interface are used for auxiliary contrithds) of
TORNADO-54x.

Flags are comprised into a set of multiplexed 8tag registers Particularflag registeris addressed b§yLAG
SELECTOR REGISTER (register #403). Flags within a currently addressed (selettéepyegistercan be
read/written using I/O read/write operation iftbAG DATA REGISTER (register #3).

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

FLAG SELECTOR REGISTER (rlw)

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-54x, which can be addressed 5§LAG SELECTOR
REGISTER, is presented in table 2-8.
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Table 2-8. Flag registers for TORNADO-54x.

code written name of addressed flag register description
to FLAG (register #3)
SELECTOR
REGISTER
10H rr  SYS _STATUS_FRG In read mode indicates current status of major run-time systems
w: SET_HM_RQ_FRG flags of TORNADO-54x (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 TMS320C54x DSP.
Data written to SET_HM_RQ_FRG register has no meaning
and is ignored.

20H SYS _STATUS_FRG In read mode indicates current status of major run-time systems
CLEAR_MH_RQ_FRG flags of TORNADO-54x (refer to subsection

“SYS_STATUS_FRG Flag Register’ later in this section).

;.“.

In write mode clears active Master_to_Host_Request (MH_RQ)
flagin SYS_STATUS_FRG flag register.
Master_to_Host_Request flag can be set by resident
TMS320C54x 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 In read mode indicates current status of major run-time systems
w: CLEAR_SB_ERROR_FRG flags of TORNADO-54x (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 rlw: HPI_IE_FRG HPI Enable and Interrupt Enable Register. This flag register
sets interrupt enable masks for interrupting host PC on
HPI_ERROR and HPI_HINT events. For TORNADO-5402 DSP
systems this register also sets enable status for
TMS320VC5402 DSP on-chip HPI port facility and alternatively
enables output of the second DSP on-chip timer for SIOX and
PIOX-16 expansion interface sites.

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 r.  DSP_STATUS FRG DSP Status Register. This flag register returns current state of
DSP_Mlock and DSP_M_GO control signals from the
TMS320C54x DSP environment, and of the
DSP_HPI_DISABLE control signal (TORNADO-5402 only).
This register is provided for compatibility with TORNADO
multiprocessor DSP systems

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-54x in accordance with table 2-3. Sets/resets
activity of host ISA-bus memory interface of TORNADO-54x
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 riw: ISA_ECC_BADDR_FRG ECC ISA-bus I/O Base Address Register. Sets ISA-bus 1/0
(TORNADO-542L only) base address for TORNADO-542L optional on-board emulation
controller (ECC) in accordance with table 2-10. Sets/resets
activity of ECC within ISA-bus 1/O address space. Only three
least significant bits of this register are valid; all other bits are
ignored and reads as zeros.

FOH rr  DEV_IDO_FRG Device Identifier and S/N Registers #0/#1. These registers are
F1H r. DEV_ID1 FRG read only and contain LSB and MSB of unique device and s/n
identifier for TORNADO-54x

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 codéL#@® SELECTOR
REGISTER in accordance with table 2-8, current flags status can be obtained by réddigyy 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 synonymfifAG DATA REGISTER that is available
for both read and write operations. However, this makes useful sense since sB@RNADO-54x flag
registers have different format for read and write operations.
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Table 2-9. Bits of SYS_STATUS_FRG flag register for TORNADO-54x.

bit name power on value description

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. It is
used for diagnostic purpose only.

HPI_ERROR 0 HPI Error (HPI_ERROR). HPI_ERROR=1 denotes that host-to-HPI
timeout has been detected during host-to-HP| 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 (HP|_ERROR=1)
state, all succeeding host-to-HPI accesses from host ISA-bus memory
interface of TORNADO-54x will be ignored and data returned will be
undefined. If HPI_ERROR_IE=1 and HP|_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
TMS320C54x 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 0909H hex value to HPIC
register of TMS320C54x 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
TMS320C54x DSP has generated active request to host PC CPU.
MH_RQ flag will keep staying in active MH_RQ=1 state until it will be reset
by host PC software by means of writing to CLEAR_MH_RQ_FRG flag
register. If MH_RQ_IE=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 SB access timeout
has been detected during previous SB access from host ISA-bus memory
interface. SB_ERROR flag will keep staying in active SB_ ERROR=1 state
until it will be reset by host PC software by means of writing to
CLEAR_SB_ERROR_FRG flag register. If SB_ERROR flag is set active
(SB_ERROR-=1), all succeeding host-to-SB requests from host ISA-bus
memory interface of TORNADO-54x 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 majdiORNADO-54x 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 HP|_ ERROR | SB_ACK

bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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Detail description for bits 06YS_STATUS_FRG flag register is presented in table 2-9.

HPI Interrupt Enable Flag Register (HPI_IE_FRG)

HPI_IE_FRG flag register comprises of the interrupt enable bit masks for generation of host PC interrupt or
HPI events and of the HPI enable/disable contf@dRNADO-5402 DSP system only)HP/I_IE_FRG flag
register defaults to the OOH value on the host PC power on and has the following data format:

HPI_IE_FRG Flag Register (r/w)

0 0 HPI_HINT_IE HP|_DISABLE 0 0 HPI_ ERROR_IE 0
(TORNADO-5402)

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

In case theHPI 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 case th®/_HINT_IE bit is set to logical ‘0’ (PC power on default value), then no
host PC interrupt will be generated whidR/_HINT flag will come active.

In case theHPI_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
the HPI_ERROR_IE bit is set to logical ‘0’ (PC power on default value), then no host PC interrupt will be
generated wheh/P/_ERROR flag will come active.

The HPI_DISABLE bit is valid for TORNADO-5402 DSP system only and is used to enable/disable the
TMS320VC5402 DSP on-chip HPI port feature BORNADO-5402. This alternatively disables/enables
output of the second TMS320VC5402 DSP on-¢hier (TM1) to be available at th&/O-1 /O pin of SIOX

and PIOX-16 interface sites in case #©-1_CNF bit of the XIO-CNF 10X register is set (see table 2-2 and
‘DSP Environmentsection earlier in this chapter).
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CAUTION

Host PC software can write to th#/_DISABLE bit only while the TMS320VC5402 DSP
of TORNADO-5402 DSP system is in the ‘RESETtase (V_GO bit of CONTROL
REGISTER of TORNADO-5402 host ISA-bus /O interface is set to thle GO=0 state).
As soon as the DSP reset signdl e released, the last stater/_ DISABLE bit will be
latched by TMS320VC540RSP and the DSP HPI featurdlvee correspondingly
enabled/disabled with the corresponding alternative disable/enable of second
TMS320VC5402 DSP on-chifimer output TMI).

All writes to theHPI_DISABLE bit while DSP is in the ‘RUN’taite (M_GO bit of
CONTROL REGISTER of TORNADO-5402 host ISA-bus 1I/O interface is set to the
M_GO=1 state) will be ignored and the valueHi?/_DISABLE bit will be not altered.

Writing to theHP/_DISABLE bit during DSP is in the ‘RESETtate (M_GO bit of
CONTROL REGISTER of TORNADO-5402 host ISA-bus I/O interface is set to the
M_GO=0 condition) will not effect operation of TMS320VC54D3P HPI port unless the
DSP reset signaliwbe released.

The DSP_HPI_DISABLE bit of DSP_STATUS_FLAG_REGISTER of TORNADO-5402
host ISA-bus 1/O interface should be used to verify the current TMS320VC5402 DSP HiPI
port enable/disable status.

The HPI_DISABLE=0 condition (PC power on default value) will enable TMS320VC5a8P on-chip HPI
port and disable output from the second DSP on-thipr (TM1) as soon as the DSP reset signdl be
released (i.e. when th& GO bit of CONTROL REGISTER of TORNADO-5402 host ISA-bus 1/O
interface will change from th&/_GO=0 state toVl_GO=1 state). In this case thgO-1_CNF bit of the X/O-
CNF 10X register is ignored and th¢/OF-1 1/O flag is wired to theX/O-1 pin of the SIOX and PIOX-16
interface sites ot ORNADO-5402 DSP system.

The HPI_DISABLE=1 condition will disable the TMS320VC54@SP on-chip HPI port and enable output
from the second DSP on-chtpner (TM1) as soon as the DSP reset signdl be released (i.e. when the
M_GO bit of CONTROL REGISTER of TORNADO-5402 host ISA-bus 1/O interface will change from the
M_GO=0 state toVl_GO=1 state). In this case the particular functional assignment oXABel pin of the
SIOX and PIOX-16 interface sites 6ORNADO-5402 DSP system is defined by th@O-1_CNF bit of the
XIO-CNF 10X register (seeDSP Environmensection earlier in this chapter).

DSP_STATUS FRG Flag Register

DSP_STATUS_FRG read-only flag register comprises of the most important TMS320C54x DSP control
signals settings and has the following data format:
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DSP_STATUS_FRG Flag Register (read only)

0 0 0 DSP_HPI|_DISABLE 0 0 DSP_ M GO | DSP_MLock
(TORNADO-5402)

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

The DSP_M_GO bit is actually the returned value ff GO bit from the CONTROL REGISTER, whereas
the DSP_MLock bit indicates the SB locking condition by the on-board TMS320058# master (see
section 2.3 “TMS320C54x DSP Environment” earlier in this chapter). DB&_ MLock=1 denotes that
TMS320C54x DSP has set the SB lock request. TheiBBavMocked byDSPimmediately in case there is no
current host-to-SB request or immediately upon the current host-to-SB request will terminate.

The DSP_HPI_DISABLE bit is valid for TORNADO-5402 DSP system only and reflects the curreatesof
enable status for TMS320VC54@SP HPI port. TheDSP_HPI_DISABLE bit is actually the returned
latched value ofHPI_DISABLE bit of HPI_IE_FRG flag register, and is latched on transition from the
M_GO=0 state to thd/_GO=1 state, i.e. when tHaSP reset signal is released and DSP is put into the ‘RUN’
state.

CAUTION

The DSP_HPI_DISABLE bit should be used by host PC software to determine currerf
enable DSP_HPI_DISABLE=0) or disable PSP_HPI_DISABLE=1) status of

TMS320VC5402 DSP on-chip HPI port BORNADO-5402 DSP system and the
corresponding alternative state of the output of the sdd&rlon-chigimer (TM1).

Once the DSP HPI port is enablédSP_HPI_DISABLE=0), then the output of the second DSP on-timier
(TM1) is disabled, and th&/O-1_CNF bit of XIOF-CNF 10X register from the TMS320VC5402 DSP
environment (see table 2-2) is ignored. In case the DSP HPI port is disBSBdHPI_DISABLE=1), then
the output of the second DSP on-chiiper (TM1) is enabled, and th&/O-1_CNF bit of XIOF-CNF 10X
register will define whether th¥/OF-1 1/O flag or TM1 timer output will appear on th&/O-1 pin of SIOX
and PIOX-16 interface sites BlORNADO-5402 DSP system.

Flag Registers for Identification of TO RNADO-54x DSP Systems

TORNADO-54x includes DEV_IDO_FRG and DEV_ID1_FRG read-only flag registers (see table 2-8),
which contain unique code for identification BORNADO-54x DSP systemsEV_ID1_FRG) and its serial
number DEV_IDO_FRG).

Usage of DEV_IDO FRG/DEV_ID1 FRG flag registers in host PC software is recommended for those
applications that require to be protected from unauthorized duplication of software.

Generating Request to TMS 320C54x DSP

TORNADO-54x can generate requests from host PC to TMS320C54x DSP in order to synchronize betwee
programs execution in host and on-board DSP environments. Two methods fatiganef host-to-DSP
requests is supported FORNADO-54x:
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HM_RQ (host to master request), that results in generation of dbtRZexternal interrupt request
for the on-board TMS320C54x DSP. In order to generate ottpUtRQ 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 intgseg bit DSPINT of HPIC register of
TMS320C54x HPI. In order to genera#/_ DSPINT interrupt request to DSP, host PC software
has to write 0505H hex value to HPIC register of TMS320C54x DSP. This FORAIADO-54x
specific method for generation of hostB&P request, and it is recommended for ation of host-
to-DSP communiation via TMS320C54©0SP on-chip HPI.

Processing Requests from TMS 320C54x DSP

TORNADO-54x can generate requests from TMS320C54x 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-54x:

MH_RQ (master to host request), that results in settinglla 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 thevH_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 catilglity with all
other TORNADO DSP systems for PC.

HPI_HINT (host interrupt request via HPI), that results in setting/liT of HPIC register of
TMS320C54x HPI and flaglPI_HINT in SYS_STATUS_FRG flag register HP/_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 0909H hex value to HPIC register of TMS320C54x DSP. This iF@RNADO-54x specific
method for generation &SP-to-host request, and it is recommended for Isition of DSP-to-host
communication via TMS320C54SP on-chip HPI.

Host PC Interrupt Conditions

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 is active UH_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.
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Host PC interrupt request may be generated using one of nine available ISA-bus interrupt request line
Particular PC interrupt line is selected by the on-board interrupt configuration jumper J3 (see fig.2-2). Th
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.

Setting ISA-bus memory base address for Host ISA-bus Memory Interface

TORNADO-54x 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 2-3.

ISA_MI_BADDR_FRG Flag Register (rlw)

0

0

0

MI_BA2

MI_BAI1

MI_BAO

bit-7

bit-6

bit-5

bit-4

bit-3

bit-2

Setting ISA-bus I/O base address for ECC in TO RNADO-542L

bit-1

bit-0

TORNADO-542L provides software setting of ISA-bus I/O base address for optional on-board emulation
controller chip ECC) by means of writing tdSA ECC_BADDR _FRG flag register. Only three least
significant bits oflSA_ECC_BADDR_FRG flag register are valid, and all other bits are ignored on writes
and reads as zeroes. Available settingd38r ECC_BADDR_FRG flag register are presented in table 2-10.

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
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Table 2-10. ISA-bus I/O base address for TORNADO-542L optional on-board emulation controller

chip (ECC).
ISA-bus I/0O 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#0
ECC_BA2 ECC_BA2 ECC_BA2
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 PC power on default setting.

2. This configuration is used as default by T54CC.EXE software utility.

CAUTION

Attachment of external TXDS510 or MicroLAB’ MIRAGE-510D emulator tof ORNADO-
5421 is allowed only in case on-board emulation controllC€) is either not installed or ig
software ‘disconnected’ from ISA-bus (see table 2-10).

Attachment of external TXDS510 or MicroLAB’ MIRAGE-510D emulator tof ORNADO-
5421 while the on-board emulation controll&@C) is active is strongly prohibited and ma
result in damaging emulator andB€C.

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

TORNADO-54x architecture provides expansion of the on-board I/O resources using 16-bit parallel 1/0
expansion interface (PIOX-16) and compatible PIOX-16 daughter modules. PIOX-16 is designed to carry
compatible daughter card modules oV&@@RNADO-54x mainboard (see fig.1-1, fig.2-2 and fig.A-1) and is

compatible with allTORNADO DSP systems for PC aal TORNADO-E/EL embedded DSP controllers.
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Description

PIOX-16 appears as 64Kx16 1/0 address spaddadiRNADO-54x on-board SB and can be accessed by both
the on-board TMS320C54x DSP and host ISA-bus memory interface. It includes SB control signals
TMS320C54x DSP on-chipmer and external interrupt inpuBSP reset signal, and/OF-0/1 1/0O flags from

DSP 10X area..

PIOX-16 provides data transfer timing using data strobe and write enable signals, and generates data re:
sighal PIOX_READY. PIOX-16 supports 16-bit SB:eess cycles only.

Installation of PIOX-16 daughter- card m odules onto TO RNADO-54x mainboard
Figure 2-6 shows installation of PIOX-16 daughter-card modulesT@@fNADO-54x mainboard.

‘/{PIOX-16 Connector]

[ TORNADO-54x DSP System Mainboard J

Fig.2-6. Installation of PIOX-16 daughter-card module onto TORNADO-54x mainboard.

Access ing PIOX-16 from TMS 320C54x DSP Environment

PIOX-16 can be @essed by on-board TMS320C54x DSP during k€ess cycles while DSP XF flag is set to
logical ‘0’ (refer to the TMS320C54x DSP Environméseéction earlier in this chapter).
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CAUTION

The 1/O field of DSP on-chip SWWSR register should be @nogned to 02H value in orde
to set two software wait states with further processing/oX_ READY signal when
accessing PIOX-16.

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

PIOX-16 can be @essed by host ISA-bus memory interface wiéhbit of SB PAGE MAPPER MSB
register from host ISA-bus 1/O interface is set to logical ‘1’ (refer to st ISA-bus I/O Interfacesection
earlier in this chapter).

CAUTION

PIOX-16 area is@essed by host ISA-bus memory interface with one hardware wait s{te
and with further processing 610X _READY signal.

PIOX-16 Connector Pinout

TORNADO-54x on-board PIOX-16 connector is a high-density DDK 50-pin DHB-series dual-noalde
connector with 0.05” pin pitch. Compatible PIOX-16 plugs for customer designed daughter-card modules are
available from MicroLAB Systems upon request.

P10OX-16 pinout specification is presented at fig 2-7 whereas signal specification is listed in table 2-11.
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+5v 1 m 2 +5v
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A4 =2 5 415
AL2 8 _ a13
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25 —LL 2
np L3 14
VT 16 5
ST 1845
D14 =2 20_ 55
p12 =2 22_ pi3
p10 =2 2 g
g 25 26 oo
D =21 28
g 28 30 s
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o 2 34 o
GND =2 38_ Gnp
578 =L 38 xioF-0mm
WE =32 20 xioF-1
PIOX_READY mtk 42 2o
RESET =23 A R0
45 46 ned
5y AL 1g 1RO2
12y =22 - 20 1oy

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

Table 2-11. PIOX-16 signal specification.

Signal name signal type description
A0..A15 ) SB address bus.
DO0..D15 110 SB data bus.
STB o Active low PIOX-16 data transfer strobe.
"WE o Active low PIOX-16 write enable.
m | PIOX-16 data ready acknowledge (m =0) signal. Generated by

PIOX-16 module in order to match the PIOX-16 SB cycle timing with timing
requirements of memory and 1/O devices used in PIOX-16 module.
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XI0-0

1/0/z

For TORNADO-542L this pin might be configured by the on-board J3 jumper as
either XIOF-01/0O flag from the DSP IOX area or as DSP on-chip timer output
(TM). If 33 jumper of TORNADO-542L is set to the 2-3 state (see fig.A-1), then
this pin is configured as XIOF-0 1/0 flag and can be configured by DSP as input
or output general purpose pin. If J3 jumper is set to the 1-2 state, then this pin is
configured as DSP on-chip timer output, i.e. it wires non-buffered DSP on-chip
timer pin signal to this connector pin.

For TORNADO-548/549/5402/5410 this pin might be configured by the DSP
software via X/O-0_CNF bit of XIO-CNF |0X register (see table 2-2) as either
XIOF-01/0O flag from DSP 10X area or as DSP on-chip timer output (TM).

XIO-1

1/0/z

For TORNADO-5421/548/549/5410 this pin is the XIOF-1 /O flag from the DSP
10X area. It can be configured by DSP as input or output general purpose pin.

For TORNADO-5402 this pin might be configured by on-board TMS320VC5402
DSP software via XIO-1_CNF bit of XIO-CNF 10X register (see table 2-2) as
either XIOF-1 1/O flag from the DSP 10X area or as the output from the second
DSP on-chip timer output (TM1) in case the TMS320VC5402 DSP on-chip HPI
port is disabled.

RESET

For TORNADO-542L DSP system this is the active low reset signal (active as
RESET =0) for the on-board TMS320C542 DSP.

For TORNADO-548/549/5402/5410 DSP systems this is the active low 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 |OX flag register is set by the DSP software via(refer to table
2-2).

IRQ-0, IRQ-1, IRQ-2

Hardware interrupt request lines ( /RQ-0 has the highest priority) for the on-
board TMS320C54x DSP chip, which correspond to INTO...INT2 external user
interrupts for TMS320C54x DSP. Both static and one-shot signals are supported.
Actual hardware interrupt requests (INTO...INT2) will be generated on the falling

edge (1 - 0) of the corresponding /RQ-0 .. IRQ-2 signals.

GND Ground.
+5v +5v power (from ISA-bus).
+12v +12v power (from ISA-bus).
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-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.

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

PIOX-16 Data Transfer Cycles

P1OX-16 interface site of ORNADO-54x supports 16-bit data transfer cycles only, and, therefore PIOX-16
connector does not contain the cycle definition signals.

Data Transfer Timing for PIOX-16

PIOX-16 data transfer timing is presented at fig.2-8. This data transfer timing is known as the industn
standard MOTO mode and assumes usage of data strobe signal and write enable signal.

18ns min
‘ ‘1_5ns min™
12ns J‘ 50ns/min
" + |«5ns 12ns—*
STB/IOR —
L5ns%

WE/IOW

ALD-15] S A

OO ) — —

PIOX_RDY
MEMORY READ MEMORY WRITE

Fig.2-8. PIOX-16 data transfer timing diagram.

Generating Reset Signal for SIOX and PIOX/PIOX-16 Expansion Interf — ace Sites
of TORNADO-542L

TORNADO-542L DSP system provides geasipn of the reset signaRESET) for SIOX and PIOX-16
expansion interface sites as the reset signal for the on-board TMS320C542 DSP.

Generating Reset Signal for SIOX/PIOX-16 Expansion Interf —ace Sites
of TORNADQO-548/549/5402/5410

TORNADO-548/549/5402/5410 generates reset signal for SIOX and PIOX-16 expansion interface sites
(refer to the corresponding sections later in this chapter) as the logical OR of the following conditions:
* DSPisin the resetate (M_GO bit of CONTROL REGISTER from host ISA-bus I/O interface is
cleared)
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» XRESET IOX flag is set by the on-board DSP software.

This allows correct initialization of the SIOX/PIOX-16 daughter-card hardware and correct synchronization
with the DSP software.

XRESET IOX flag register might be accessed by TMS320LC548/VC549/VC5402/VC5410 DSP via IOX area
in accordance with table 2-2. Note, that when writing or reading to/MBEBSET I0X register, only bit DO is
valid:

In case the DSP reset signal is released, the reset signal for SIOX/PIOX-16 expansion interface sites might be
set active when th¥RESET flag is set to logical ‘1’ by the DSP software, thus providing optional reset for
SIOX/PIOX-16 daughter-card hardware, and providing correct synchronization wittD$Rke software.

Writing logical ‘0’ to the XRESET flag, which is the default value on the DSP resdlt, nelease the reset

signal for SIOX/PIOX-16 expansion interface sites and will allow operation of the SIOX/PIOX-16 daughter-
card hardware.

XI0-0/1 Pins of SIOX/PIOX-16 Interface Sites

XI0-0/1 pins of TORNADO-54x on-board SIOX/PIOX-16 interface sites might be configured to appear either
as I/O pins or as on-board TMS320C54x OBier outputs.

When XI0O-0/1 pins are configured as I/O pins, then the correspondi®d-0/1 1/O flag appears on th¥/O-
0/1 pin. Each ofXIOF-0/1 1/0O flags is controlled by th&/OF-DATA and XIOF-DIR |0X registers and might
be independently programmed by TMS320CBSP as input or output flag.

XI0-0/1 pins of SIOX/PIOX-16 interface sites BIORNADO-54x DSP systems, an¥/OF-0/1 1/O flags are
controlled by TMS320C54x DSP software via 10X area in accordance with table 2-2 and occupies several
registers in the IOX area:
*  XIOF-DIR IOX register KIOF-0/1 flags direction register)
*  XIOF-DATA 10X register KIOF-0/1 flags data register)
*  XIOF-CNF IOX register (configuration register fof/O-0/1 pins of SIOX/PIOX-16 expansion
interface sites)TORNADO-548/549/5402/5410 DSP systems only.
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CAUTION

TORNADO-542L DSP system assum&$0-0 pin of SIOX/PIOX-16 interface sites to be
configured by the on-board J3 jumper as either 1/0 ¥i®F-0 10X flag) or as
TMS320C542 DSP on-chifimer output TM). XIO-1 pin of SIOX/PIOX-16 interface sites
is always configured as I/0O piX(OF-1 IOX flag).

TORNADO-548/549/5410 DSP systems assumx¢O-0 pin of SIOX/PIOX-16 interface

sites to be software configured 8O-CNF IOX register as either 1/O pinX{(OF-0 I0X

flag) or as TMS320C54x DSP on-cttimer output TM). XIO-1 pin of SIOX/PIOX-16
interface sites is always configured as 1/0 ptih(jF-1 10X flag).

TORNADO-5402 DSP system assum&3$0-0 pin of SIOX/PIOX-16 interface sites to be
software configured viX/O-CNF |0X register as either I/O pinX(OF-0 10X flag) or as
TMS320VC5402 DSP on-chifimer output TM). XIO-1 pin of SIOX/PIOX-16 interface

sites is always configured as 1/0 pX/QOF-1 10X flag) in case the HPI port of on-board
TMS320VC5402 DSP is enabled via clearing Mf&l_DISABLE bit of HPI_IE_FRG flag

register of host ISA-bus I/O interface. In case the HPI port of on-board TMS320VC5403|DSP

is disabled via setting théP/_DISABLE bit of HPI_IE_FRG flag register of host ISA-bus

I/O interface, then th&/O-1 pin of SIOX/PIOX-16 interface sites might be configured vif

XIO-CNF IOX register as either I/O pinX(OF-1 IOX flag) or as output of the second

TMS320VC5402 DSP on-chifimer (TM1).

Physical Dimensions for PIOX-16 Daughter- card M odules

Physical dimensions for PIOX-16 daughter-card modules are presented at fig. 2-9. This information i
intended for thos@ ORNADO customers, who need to design customized PIOX-16 daughter-card modules.

PIOX-16
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PIOX-16 connector: DDK DHB-Px50

Fig.2-9. Physical dimensions for PIOX-16 daughter-card modules.
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2.7 Serial I/O Expansion Interfaces (SIOX-A/B)

TORNADO-54x architecture provides expansion of the on-board TMS320C54x I/O resources via two serial
I/O expansion interface sites (SIOX-A and SIOX-B), which are designed to carry compatible daughter card
modules (see fig.1-1, fig.2-2 and fig.A-1). SIOX interface siteS@RNADO-54x is compatible with SIOX
interface sites for aTORNADO DSP systems for PC and stand-al@i@RNADO-E/EL/SX DSP controllers.

Available SIOX daughter cards fofORNADO-3x/54x DSP systems include a variety of AD/DA/DIO
daughter cards for telecommunicationesgh and audio signal processing, indaktand instrumentation
applications, and many more.

CAUTION

The TORNADO-548/549/5402/5410 on-board area for SIOX-B site is shared with the gf-
board area fot/JECM emulation control daughter-card module. Only one of SIOX-B o
UECM daughter cards can be installed simultaneously 66&@@ NADO-
548/549/5402/5410 mainboard.

Description

Each of SIOX-A/B interface sites comprises of signals for SIO-0 and SIO-1 serial ports, TMS320C54x DSP
on-chip timer and interrupts control, as well as optiod#DF-0/1 I/O flags, DSP reset signal and ISA-bus

power supply lines.

The connection diagrams for SIO-0 and SIO-1 ports of SIOX-A and SIOX-B expansion interface sites for all
TORNADO-54x DSP systems is presented at fig.2-10.

SIOX-A site
connector
C ]
‘
C542 > > 5001
DSP j;*
RESET
DM |¢ ™
BSP > SI0-0
IRQ v
™ -12v
RESET +5v.
iz
SIOX-B site
J4 connector

> Si0-1

RQ.
RESET
™

<> SI0-0

s -5v

—p O -12v
+5v
+12v

14 “DIRECT" - wiring
“CROSS" - wiring

Fig.2-10a. SIOX sites connection diagram for TORNADO-542L.
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Fig.2-10b. SIOX sites connection diagram for TORNADO-548/549.
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Fig.2-10c. SIOX sites connection diagram for TORNADO-5402.
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Fig.2-10d. SIOX sites connection diagram for TORNADO-5410.

Such a connection flexibility for SIOX-A and SIOX-B sites BORNADO-54x DSP systems delivers an
outstanding flexibility for selection thBSP seial ports for particular application, simplifies software design
and allows simultaneous installation of two SIOX daughter card modules @RNADO-54x board, most of
which utilize only SIO-0 serial port of SIOX interface.

External analog and digital I/O signals for installed SIOX daughter cards should be attached by means of the
SIOX daughter card on-board I/O connector via rear panel of host PC.

Corres pondence between SIO-0/S10-1 ports of SIOX-A/SIOX-B sites and the TMS  320C542 DSP
on-chip BSP/TDM serial ports for TO RNADO-542L

For TORNADO-542L DSP system the SIO-0 and SIO-1 ports of SIOX-A site are on-board wired to the
TMS320C542 DSP on-chip buffered isérport (BSP) and time division multiplexed serial port (TDM)
correspondingly.

The SIO-0 and SIO-1 ports of SIOX-B site can connect to any of the TMS320C542 DSP on-chip BSP or TDM
port via the on-board J4 jumper set. Maximum throughoutput of serial portEABNADO-542L is 20
Mbit/sec. See subsection below for more details.

Corres pondence between SIO-0/SI0O-1 ports of SIOX-A/SIOX-B sites and the
TMS320LC548/VVC549 DSP on-c hip BSP/TDM/BSP1 serial ports for TO RNADO-548/549

For TORNADO-548/549 DSP systems the SIO-0 port of SIOX-A site is on-board wired to the
TMS320LC548/VC549 DSP on-chip BSP port, whereas SIO-1 port of SIOX-A site may connect to any of the
DSP on-chip BSP1 or TDM port via the on-board J6 jumper.

The SIO-0 and SIO-1 ports of SIOX-B site BORNADO-548/549 can connect to any of the DSP on-chip
BSP, BSP1 or TDM port via the on-board J4 jumper set. Maximum throughoutput of serial ports is 40 Mbit/sec
for TORNADO-548 and 50 Mbit/sec foTf ORNADO-549. See subsection below for more details.
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Corres pondence between SIO-0/SIO-1 ports of SIOX-A/SIOX-B sites and the TMS ~ 320VC5402
DSP on-chip McBSP-0/McBSP-2 serial ports for TO RNADO-5402

For TORNADO-5402 DSP system the SIO-0 and SIO-1 ports of SIOX-A site are on-board wired to the
TMS320VC5402 DSP on-chip rtichannel BSP ports McBSP-0 and McBSP-2 correspondingly.

The SIO-0 and SIO-1 ports of SIOX-B site can connect to any of the TMS320VC5402 DSP on-chip McBSP-(
or McBSP-2 port via the on-board J4 jumper set. Maximum throughoutput of serial poff®RNADO-
5402 is 50 Mbit/sec. See subsection below for more details.

Corres pondence between SIO-0/SIO-1 ports of SIOX-A/SIOX-B sites and the TMS  320VC5410
DSP on-chip McBSP-0/McBSP-1/McBSP-2 serial ports for TO  RNADO-5410

For TORNADO-5410 DSP system the SIO-0 port of SIOX-A site is on-board wired to the TMS320VC5410
DSP on-chip McBSP-0 port, whereas SIO-1 port of SIOX-A site may connect to any of the DSP on-chif
McBSP-1 or McBSP-2 port via the on-board J6 jumper.

The SIO-0 and SIO-1 ports of SIOX-B site 6ORNADO-5410 can connect to any of the DSP on-chip
McBSP-0, McBSP-1 or McBSP-2 port via the on-board J4 jumper set. Maximum throughoutput of serial port:
is 50 Mbit/sec forTORNADO-5410. See subsection below for more details.

Installation of SIOX Daughter- card M odules onto TO RNADO-54x Mainboard

Figure 2-11 shows installation of SIOX daughter-card modules dRBNADO-54x and TORNADO-
62MX/67MX mainboard.

— —
TORNADT-54F ST
OEF Sysitm Caughier-Card

Mainbeard | Woduke

iipimscaeas g (1A8
‘.

Fig.2-11a. TORNADO-542L mainboard with SIOX-A and SIOX-B daughter-card modules.
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CAUTION

The on-board area for SIOX-B site BORNADO-548/549/5402/5410 is shared with the
on-board area fodECM emulation control daughter-card module. Either SIOX-B/&CM
daughter-card module can be installed ch@RNADO-548/549/5402/5410 mainboard.

TS S BSOS 10
O%F Sywiem Manboand

W Gigrals
COnfevinm

LaECm 0K-B
%rs Omughber-Cand
Connecior Pl

Fig.2-11b. TORNADO-548/549/5402/5410 mainboard with SIOX-A and SIOX-B daughter-card
modules.
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Fig.2-11c. TORNADO-548/549/5402/5410 mainboard with SIOX-A and UECM daughter-card
modules.

SIOX site connector

SIOX sites connector is and industry standard dual-row 26-pin female header with 0.1"x0.1” pin pattern
SIOX connector pinout is presented at fig.2-12 and signal specifications are listed in table 2-12.

px1 =240 O+2- pri
CLkx1 =240 O3~ cikR1
FSX1 z—g-o O-% FSR1
T o o 17 557
RO0 6T ST o2
IRQ-2 =77 0 O e RESET
XIOF-0/TM O O XIOF-1
DX0 =240 O+— pro
CLKX0 =2hQ  O— CLKRO
FSX0 2 O O ; FSRO
GND O O GND
By — O O 3 +5v
12y =20 O— i1y

Fig.2-12.  SIOX connector pinout (top view).
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Table 2-12. 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.
FSX0 1/10/Z
CLKX0 1161z For SIOX-A site these signals correspond to the transmitter of DSP on-chip BSP
(TORNADO-5421/548/549) or McBSP-0 (TORNADO-5402/5410) serial port.
For SIOX-B site these signals might be configured by on-board J4 jumper set to connect
to the transmitter of any of the DSP on-chip BSP/TDM/BSP1 (TORNADO-
5421 /548/549), McBSP-0/McBSP-2 (TORNADO-5402), or McBSP-0/McBSP-1/McBSP-
2 (TORNADO-5410) serial ports.
DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port.
FSRO |
CLKRO ' For SIOX-A site these signals correspond to the receiver of DSP on-chip BSP
(TORNADO-5421/548/549) or McBSP-0 (TORNADO-5402/5410) serial port.
For SIOX-B site these signals might be configured by the on-board J4 jumper set to
connect to the receiver of any of the DSP on-chip BSP/TDM/BSP1 (TORNADO-
5421 /548/549), McBSP-0/McBSP-2 (TORNADO-5402), or McBSP-0/McBSP-1/McBSP-
2 (TORNADO-5410) serial ports.
SIO-1 port control
DX1 0O/z Data, frame synchronization and serial clock signals for transmitter of SIO-1 port.
FSX1 1/10/Z
CLKX1 1/10/Z

For SIOX-A site of TORNADO-542L/TORNADO-5402 these signals correspond to the
transmitter of DSP on-chip TDM (TORNADO-542L) or McBSP-2 (TORNADO-5402)
serial port.

For SIOX-A site of TORNADO-548/549/5410 these signals might be configured by the
on-board J6 jumper to connect to the transmitter of any of the DSP on-chip TDM/BSP1
(TORNADO-548/549) or McBSP-1/McBSP-2 (TORNADO-5410) serial ports.

For SIOX-B site these signals might be configured by the on-board J4 jumper set to
connect to the transmitter of any of the DSP on-chip BSP/TDM/BSP1 (TORNADO-

5421 /548/549), McBSP-0/McBSP-2 (TORNADO-5402), or McBSP-0/McBSP-1/McBSP-
2 (TORNADO-5410) serial ports.
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DR1
FSR1
CLKR1

Data, frame synchronization and serial clock signals for receiver of SIO-1 port.

For SIOX-A site of TORNADO-542L/TORNADO-5402 these signals correspond to the
receiver of DSP on-chip TDM (TORNADO-542L) or McBSP-2 (TORNADO-5402) serial
port.

For SIOX-A site of TORNADO-548/549/5410 these signals might be configured by the
on-board J6 jumper to connect to the receiver of any of the DSP on-chip TDM/BSP1
(TORNADO-548/549) or McBSP-1/McBSP-2 (TORNADO-5410) serial ports.

For SIOX-B site these signals might be configured by the on-board J4 jumper set to
connect to the receiver of any of the DSP on-chip BSP/TDM/BSP1 (TORNADO-

5421 /548/549), McBSP-0/McBSP-2 (TORNADO-5402), or McBSP-0/McBSP-1/McBSP-
2 (TORNADO-5410) serial ports.

Timers/IO, DSP Reset and Interrupt Requests

XI0-0

1/0/z

For TORNADO-542L this pin might be configured by the on-board J3 jumper as either
XIOF-01/0 flag from the DSP 10X area or as DSP on-chip timer output (TM). If J3
jumper of TORNADO-542L is set to the 2-3 state (see fig.A-1), then this pin is configured
as XIOF-0 /0 flag and can be configured by DSP as input or output general purpose pin.
If 33 jumper is set to the 1-2 state, then this pin is configured as DSP on-chip timer
output, i.e. it wires non-buffered DSP on-chip timer pin signal to this connector pin.

For TORNADO-548/549/5402/5410 this pin might be configured by the DSP software via
XIO-0_CNF bit of XIO-CNF 10X register (see table 2-2) as either XIOF-0 /O flag from
DSP IOX area or as DSP on-chip timer output (TM).

XIO-1

1/0/z

For TORNADO-5421/548/549/5410 this pin is the XIOF-1 1/O flag from the DSP I0X
area. It can be configured by DSP as input or output general purpose pin.

For TORNADO-5402 this pin might be configured by on-board TMS320VC5402 DSP
software via X/O-1_CNF bit of XIO-CNF 10X register (see table 2-2) as either XIOF-1
1/0 flag from the DSP IOX area or as the output from the second DSP on-chip timer
output (TM1) in case the TMS320VC5402 DSP on-chip HPI port is disabled.

RESET

For TORNADO-542L DSP system this is the active low reset signal (active as
RESET =0) for the on-board TMS320C542 DSP.

For TORNADO-548/549/5402/5410 DSP systems this is the active low 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

Hardware interrupt request lines ( /RQ-0 has the highest priority) for the on-board
TMS320C54x DSP chip, which correspond to INTO...INT2 external user interrupts for
TMS320C54x DSP. Both static and one-shot signals are supported. Actual hardware
interrupt requests (INTO...INT2) will be generated on the falling edge (1 - 0) of the

corresponding /RQ-0 .. IRQ-2 signals.
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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.

Configuring SIO-0/SI10-1 ports of SIOX-B site for TO  RNADO-542L

Selection between SIO-0/1 ports of SIOX-B site and TMS320C542 DSP on-chip BSP/T@Mpsets for
TORNADO-542L DSP system is performed by means of the on-board jumper array J4 (see fig.2-13a). Only
two combinations are available: “direct”-wiring (BSBIO-0@SIOX-B, TDM- SIO-1@SIOX-B) and
“cross”-wiring (TDM- SIO-0@SIOX-B, BSP, SIO-1@SIOX-B).

1
SI0X-A BT SI0X-A BN
26 2 26 2
25l l 1 25>< 1
sioxs EEH 3 siox8 EEH
gI?DM BSP ’ éSSP TDM ’
A B

Fig. 2-13a. “Direct” (A) and “cross” (B) wiring configurations for SIO-0/1 ports of SIOX-B site for
TORNADO-542L.
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Configuring SIO-1 port of SIOX-A site for TO RNADO-548/549

In TORNADO-548/549 DSP systems selection between SIO-1 port of SIOX-A site and
TMS320LC548/VC549 DSP on-chip TDM/BSP1 isémorts is performed by means of on-board jumper J6
(see fig.2-13b).

2

26

Fig. 2-13b. Configurations for SIO-1 port of SIOX-A site for TORNADO-548/549.

Configuring SIO-0/S10-1 ports of SIOX-B site for TO  RNADO-548/549

In TORNADO-548/549 DSP systems selection between SIO-0/1 ports of SIOX-B site and
TMS320LC548/VC549 DSP on-chip BSP/TDM/BSP1liakeports is performed by means of on-board jumper
arrays J4-A and J4-B (see fig.2-13c). Independent configurations for SIO-0 (using J4-A jumper array) an
SIO-1 (using J4-B jumper array) ports are supported, i.e. each of SIO-0/1 ports can connect to any of tt
TMS320LC548/VC549 DSP on-chip BSP/TDM/BSPligeports. This delivers more flexibility than that with
TORNADO-542L DSP system.
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Fig. 2-13c. Configurations of SIO-0/1 ports for SIOX-B site for TORNADO-548/549.

Configuring SIO-0/SI10-1 ports of SIOX-B site for TO  RNADO-5402

Selection between SIO-0/1 ports of SIOX-B site and TMS320VC5402 DSP on-chip McBSP-0/McBSP-2 serial
ports for TORNADO-5402 DSP system is performed by means of the on-board jumper array J4 (see fig.2-
13d). Only two combinations are available: “direct’-wiring (McBSR®BIO-0@SIOX-B, McBSP-2 SIO-
1@SIOX-B) and “cross”-wiring (McBSP-2SIO-0@SIOX-B, McBSP-0. SIO-1@SIOX-B).
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Fig. 2-13d. “Direct” (A) and “cross” (B) wiring configurations for SIO-0/1 ports of SIOX-B site for
TORNADO-5402.

Configuring SIO-1 port of SIOX-A site for TO RNADO-5410

In TORNADO-5410 DSP system selection between SIO-1 port of SIOX-A site and TMS320VC5410 DSP on-
chip McBSP-1/McBSP-2 serial ports is performed by means of on-board jumper J6 (see fig.2-13e).

i
. I
! |
L] ' | D]
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Fig. 2-13e. Configurations for SIO-1 port of SIOX-A site for TORNADO-5410.

Configuring SIO-0/S10-1 ports of SIOX-B site for TO RNADO-5410

In TORNADO-5410 DSP system selection between SIO-0/1 ports of SIOX-B site and TMS320VC5410 DSP
on-chip McBSP-0/McBSP-1/McBSP-2 serial ports is performed by means of on-board jumper arrays J4-A an
J4-B (see fig.2-13f). Independent configurations for SIO-0 (using J4-A jumper array) and SIO-1 (using J4-E
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jumper array) ports are supported, i.e. each of SIO-0/1 ports can connect to any of the TMS320VC5410 DSP
on-chip McBSP-0/McBSP-1/McBSP-2 serial ports.
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Fig. 2-13f. Configurations of SIO-0/1 ports for SIOX-B site for TORNADO-5410.

Generating Reset Signal for SIOX and PIOX/PIOX-16 Expansion Interf — ace Sites for TORNADO-
5421

TORNADO-542L DSP system provides geasipn of the reset signaRESET) for SIOX and PIOX-16
expansion interface sites as the reset signal for the on-board TMS320C542 DSP.
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Generating Reset Signal for SIOX/PIOX-16 Expansion Interf —ace Sites in TORNADO-
548/549/5402/5410

TORNADO-548/549/5402/5410 generate reset signal for SIOX and PIOX-16 expansion interface sites (refer
to the corresponding sections later in this chapter) as the logical OR of the following conditions:
* DSPisin the resetate (M_GO bit of CONTROL REGISTER from host ISA-bus I/O interface is
cleared)
» XRESET IOX flag is set by the on-board DSP software.

This allows correct initialization of the SIOX/PIOX-16 daughter-card hardware and correct synchronization
with the DSP software.

XRESET IOX flag register might be accessed by TMS320LC548/VC549/VC5402/VC5410 DSP via IOX area
in accordance with table 2-2. Note, that when writing or reading to/MBEBSET I0X register, only bit DO is
valid:

In case the DSP reset signal is released, the reset signal for SIOX/PIOX-16 expansion interface sites might
set active when th¥RESET flag is set to logical ‘1’ by the DSP software, thus providing optional reset for
SIOX/PIOX-16 daughter-card hardware, and providing correct synchronization wittD$ke software.
Writing logical ‘0’ to the XRESET flag, which is the default value on the DSP resélt, nelease the reset
signal for SIOX/PIOX-16 expansion interface sites and will allow operation of the SIOX/PIOX-16 daughter-
card hardware.

Connecting External Clocks to McBSP-0/McBSP-1/McBSP-2 Serial Ports

TORNADO-5410 DSP systems with the on-board TMS320VC5410 DSP in the BGA paekageoptional
facilities for connection of external clock source to E&P on-chip McBSP-0/McBSP-1/McBSP-2 iséports.

These external clocks are known as BCLKSO/BCLKS1/BCLKS2 signals in accordance with TI
TMS320VC5410 specifications. Usage of BCLKSO/BCLKS1/BCLKS2 external clocks foD8# on-chip
McBSP-0/McBSP-1/McBSP-2 serial ports delivers outstanding flexibility in generation of virtually any data
transfer frequency for the McBSP-0/McBSP-1/McBSP-2 serial ports in order to meet the requirements of ar
application.

External clock source signals BCLKSO/BCLKS1/BCLKS2 for each of the McBSP-0/McBSP-1/McBSP-2 serial
ports independently are available via either of the following signal sources:
* via JP7 (for McBSP-0 port), JP8 (for McBSP-1 port) and JP9 (for McBSP-2 port) on-board edge
connectors (refer to fig.2-1 and fig.A-1)
* via 5v TTL/ICMOS crysal generators in the DIP-8 package, which might be installed into the S1 (for
McBSP-0 port), S2 (for McBSP-1 port) and S3 (for McBSP-2 port) on-board sockets (refer to fig.2-1
and fig.A-1).

Details of JP7/JP8/JP9 connector specifications and location of the S1/S2/S3 crystal generators sites
connection of clock source signals BCLKSO/BCLKS1/BCLKS2 for McBSP-0/McBSP-1/McBSP-2 serial ports
are shown at figure 2-14.

Selection of the BCLKSO0/BCLKS1/BCLKS2 source clock as the timing source clock for McBSP-0/McBSP-
1/McBSP-2 instead of DSP clock is performed by means of pnoging theDSP on-chip McBSP-0/McBSP-
1/McBSP-2 control registers. Refer to original TI TMS320VC5410 documentation for getting more
information on programming the McBSP serial ports.
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JP7: External CLKS Clock for McBSP-0
JP8: External CLKS Clock for McBSP-1
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S1: Cristal generator site for McBSP-0

Pin #1 Pin#1 Pin #1
181 182 183

Fig. 2-14. External clock connectors and crystal generators sites for McBSP-0/McBSP-1/McBSP-2
serial ports of TORNADO-5410.

S2: Cristal generator site for McBSP-1

S3: Cristal generator site for McBSP-2

XI0-0/1 Pins of SIOX/PIOX-16 Interface Sites

XI0-0/1 pins of TORNADO-54x on-board SIOX/PIOX-16 interface sites might be configured to appear either
as I/0O pins or as on-board TMS320C54x OBier outputs.

When X/0O-0/1 pins are configured as I/O pins, then the correspondi®d-0/1 1/O flag appears on th¥/O-
0/1 pin. Each ofXIOF-0/1 1/0O flags is controlled by th&/OF-DATA and XIOF-DIR |0X registers and might
be independently programmed by TMS320CBSP as input or output flag.

XI0-0/1 pins of SIOX/PIOX-16 interface sites BIORNADO-54x DSP systems, an¥/OF-0/1 1/O flags are
controlled by TMS320C54x DSP software via 10X area in accordance with table 2-2 and occupies several
registers in the IOX area:
*  XIOF-DIR IOX register KIOF-0/1 flags direction register)
*  XIOF-DATA 10X register KIOF-0/1 flags data register)
*  XIOF-CNF IOX register (configuration register fof/O-0/1 pins of SIOX/PIOX-16 expansion
interface sites)TORNADO-548/549/5402/5410 DSP systems only.
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CAUTION

TORNADO-542L DSP system assum&$0-0 pin of SIOX/PIOX-16 interface sites to be
configured by the on-board J3 jumper as either 1/0 ¥i®F-0 10X flag) or as
TMS320C542 DSP on-chifimer output TM). XIO-1 pin of SIOX/PIOX-16 interface sites
is always configured as I/0O piX(OF-1 IOX flag).

TORNADO-548/549/5410 DSP systems assumx¢O-0 pin of SIOX/PIOX-16 interface

sites to be software configured 8O-CNF IOX register as either 1/O pinX{(OF-0 I0X

flag) or as TMS320C54x DSP on-cttimer output TM). XIO-1 pin of SIOX/PIOX-16
interface sites is always configured as 1/0 ptih(jF-1 10X flag).

TORNADO-5402 DSP system assum&3$0-0 pin of SIOX/PIOX-16 interface sites to be
software configured viX/O-CNF |0X register as either I/O pinX(OF-0 10X flag) or as
TMS320VC5402 DSP on-chifimer output TM). XIO-1 pin of SIOX/PIOX-16 interface

sites is always configured as 1/0 pX/QOF-1 10X flag) in case the HPI port of on-board
TMS320VC5402 DSP is enabled via clearing Mf&l_DISABLE bit of HPI_IE_FRG flag

register of host ISA-bus I/O interface. In case the HPI port of on-board TMS320VC5403|DSP

is disabled via setting théP/_DISABLE bit of HPI_IE_FRG flag register of host ISA-bus

I/O interface, then th&/O-1 pin of SIOX/PIOX-16 interface sites might be configured vif

XIO-CNF IOX register as either I/O pinX(OF-1 IOX flag) or as output of the second

TMS320VC5402 DSP on-chifimer (TM1).

Physical Dimensions for SIOX Daughter- card M odules

Physical dimensions for SIOX daughter-card module are presented at fig.2-15. This information is intended fc
thoseTORNADO customers, who need to design customized SIOX daughter-card modules.
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SIOX connector: 20-pin or 26-pin straight dual-row mail header
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Recommended connector for Analog I/0: DDK DHA-RC14-R 122N
D

DK DHA-RC20-R122N
DDK DHA-RC26-R 122N

Fig.2-15. Physical dimensions for SIOX daughter-card modules.
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2.8 Scan-path Emulation Tools for TORNADO-54x

TORNADO-54x uses scan-path emulation technique for the on-board TMS3200SRBxin order to debug
resident TMS320C54x DSP environment and software. @abip scan-path emulation tools, which can be
used withTORNADO-54x are as the following:
e TI XDS510 and MicroLAB'MIRAGE-510D universal scan-path emulators
* low cost emulation controller chif=eCC) for TORNADO-542L, which plugs into the dedicated on-
board S5 socket ohORNADO-542L mainboard
* low cost emulation control daughter card modW&CM) for TORNADO DSP systems, which
plugs into the dedicated JP6 site BARNADO-548/549/5402/5410. The UECM converts
TORNADO-548/549/5402/5410 DSP system into universal efator for all TI TMS320DSP if
used with optional external buffer pod
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).

CAUTION

The DSP must be released from the ‘RESHatesand placed into the ‘RUN’ state prior
running Tl C54x HLL Debugger or GoDSP C54x Code Composer IDE for debugging thﬂ on-
board C54x DSP chip GfFORNADO-5421/548/549/5402/5410 DSP system via JTAG pat

(use-cr0 command line option of54CC.EXE software utility).

It is recommended that the54CC. EXE software utility will be invoked with ther
command line option just after the host power on or after any software trouble situationl] This
will guarantee that thBSP will be put into known state after ti¥SP will be released from

the 'RESET’ state prior running the Tl C54x HLL Debugger oDSB C54x Code

Composer IDE.

TORNADO-548/549/5402/5410 on-board JTAG path for c onnection to external JTAG emulator

TORNADO-548/549/5402/5410 on-board JTAG path for connection to external TI XDS510 or MicroLAB’
MIRAGE-510D JTAG emulator is presented at figure 2-16 (see also fig. 2-1 and fig. A-1) and comprises of
JTAG-IN connector (JP4), TMS320C54x JTAG port, JTAG-OUT connector (JP5) and JTAG path terminating
jumper (J5).
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Fig. 2-16. On-board JTAG path for connection external JTAG emulator to TORNADO-
548/549/5402/5410.

The on-board JTAG-IN connector should be used for connection of either external JTAG emulator or fo
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 tt
same JTAG path ‘afterTORNADO-548/549/5402/5410 board. In this case, the succeeding JTAG device
should connect to JTAG-OUT connector 8ORNADO-548/549/5402/5410 using JTAG EXTENSION
CABLE in the daisy-chain manner. Last JTAG device should terminate JTAG path and returnTDIAG
signal back to the emulator, which is connected to the first JTAG device in JTAG path. JTAG devices
included into the JTAG path together WillODRNADO-548/549/5402/5410 board, might include any JTAG
supporting devices without any restrictions (logic, FPGA, other DSPs, etc). However the debugger JTAG pat
configuration file for JTAG emulator must accurately specify all JTAG devices in JTAG path.

CAUTION

The TORNADO-548/549/5402/5410 on-board J5 jumper is used for termination of JTA[
path onTORNADO-548/549/5402/5410.

\* K}

J5 jumper should set to ON (installed) oT@RNADO-548/549/5402/5410 is either the
only or the last JTAG device in JTAG path.

J5 jumper should set to OFF (removed) once two or more JTAG devices are includedjinto
JTAG path, andrORNADO-548/549/5402/5410 is not the last JTAG device in JTAG
path.
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CAUTION

In caseTORNADO-548/549/5402/5410 is used with other JTAG devices connected to tfje

JTAG-OUT connector, then the succeeding JTAG devices should use the JTAG Bétaully

clock source, which outcomes from the JTAG-OUT connectGQ@RNADO-
548/549/5402/5410.

Using external JTAG emulator with single TO  RNADO-548/549/5402/5410 board

If external TI XDS510 or MicroLAB’ MIRAGE-510D JTAG emulator is used for debugging single
TORNADO-548/549/5402/5410 board, then this emulator should connect to the dedicated on-board JTAG-
IN connector onTORNADO-548/549/5402/5410 mainboard with the J5 JTAG terminator jumper installed

and the JTAG-OUT connector left unconnected (fig. 2-17). In this case the debugger JTAG path configuration
file for JTAG emulator should be normally omitted (refer to your debugger user’s guide for details how to
handle the JTAG path configuration file).

JTAG-IN

JTAG Emulator

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

DSP J5

board #1 E]
I
IBM PC

|
|
|
|
|
|
1 rn }
|
|
|
|
|

JTAG terminator (J5)
installed. | o |

Fig. 2-17. Connection of external JTAG emulator to single TORNADO-548/549/5402/5410 board.

Using external JTAG emulator with multiple TO ~ RNADQO-548/549/5402/5410 boards

If either TI XDS510 or MicroLAB' MIRAGE-510D universal JTAG emulator is used for debugging either
multiple TORNADO-548/549/5402/5410 boards or TORNADO-548/549/5402/5410 board with other
JTAG devices (otheTORNADO boards, FPGA, other DSPs) in the same JTAG path, then thistemu
should connect to the on-board JTAG-IN connector (JP4) of the TRNADO-548/549/5402/5410 board

in JTAG-path (see fig. 2-18).

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.
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The ‘last’ JTAG device in JTAG path should terminate JTAG path via J5 JTAG terminator jumper and returr
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 user’s guide for details how to handle the JTAG path configuration file).

i

JTAG Emulator

:

board #N

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

e Bk
i 8]

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) | e !
installed. not installed. not installed.

Fig. 2-18. Connection of external JTAG emulator to multiple TORNADO-548/549/5402/5410 boards.

TORNADO-548/549/5402/5410 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-
548/549/5402/5410 board via JTAG-IN connector. Instead, the on-boa@RNADO-548/549/5402/5410
hardware provides direct connection of thECM JTAG port to the on-board TMS320C54x DSP in case
UECM is installed and configured for operation with on-bo@®P. Thereforeall available JTAG-path
configurations fotUECM is are similar to that with external JTAG emulator.

TORNADO-548/549/5402/5410 on-board JTAG path for connection to low-cost MicroLABIECM
universal JTAG emulator daughter-card module F&/RNADO DSP systems is presented at figure 2-19 (see
also fig. 2-1 and fig. A-1) and comprises BECM site header connector (JP6), TMS320C54x JTAG port,
JTAG-OUT connector (JP5) and JTAG path terminating jumper (J5).
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Fig. 2-19. On-board JTAG path for connection UECM to TORNADO-548/549/5402/5410.

UECM might be configured to connect either TORNADO-548/549/5402/5410 on-board TMS320C54x
DSP or to any external TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP via optional MPSD or JTAG pod. This
configuration is performed by th&54CC.EXE software utility, which is included with th@ ORNADO-
548/549/5402/5410 board (see chapter 4).

UECM runs under the industry standard Tl C54x HLL Debugger and GoDSP C6x Code Composer IDE, when
it is configured for debugging theTORNADO-548/549/5402/5410 on-board TMS320C54x DSP
environment, and runs under any of TI C2xx, C3x, C4x, C5x, C54x, C6x HLL Debuggers or any of GoDSP
C2xx/C5hx, C3x/C4x, C54x and C6x Code Composer IDE, when it is used for emulation of external
TMS320C2xx/C3x/C4x/C5x/C54x/C6x DSP via optional MPSD or JTAG pod.

CAUTION

OnceUECM is installed ontdf ORNADO-548/549/5402/5410 mainboard and configured
for connection to the on-board DSP, then the on-board hardware disconnects the JTA[G-IN
(JP4) connector from on-board JTAG-path.

In this case the external TI XDS510 or MicroLABIIRAGE-510D emulator, which is
connected to JTAG-IN connect@lORNADO-548/549/5402/5410 is ignored and its
operation does not effect the functionalityT@RNADO-548/549/5402/5410 board.

Using UECM with single TO RNADO-548/549/5402/5410 board

If UECM is used for debugging singlEORNADO-548/549/5402/5410 board, thenUECM should install
onto this board to the dedicateECM site header (JP6) chRORNADO-548/549/5402/5410 mainboard with
the J5 JTAG terminator jumper installed and the JTAG-OUT connector left unconnected (fig. 2-20). In this
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case the debugger JTAG path configuration fileU&CM should be normally omitted (refer to your debugger
user’s guide for details how to handle the JTAG path configuration file).

[JTAG-OUT | [ JTAG-IN

J5

DSP

board #1
1 I

JTAG terminator (J5)
installed.

Fig. 2-20. Connection of UECM to single TORNADO-548/549/5402/5410 board.

Using UECM with multiple TO RNADQO-548/549/5402/5410 boards

If UECM is used for debugging either multipORNADO-548/549/5402/5410 boards or TORNADO-
548/549/5402/5410 board with other JTAG devices (oth@©RNADO boards, FPGA, other DSPs) in the
same JTAG path, thetdECM should install onto the “firstTORNADO-548/549/5402/5410 board in JTAG-

path (see fig. 2-21).

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 returr
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 user’s guide for details how to handle the JTAG path configuration file).

1 1
ol o1ac-out [ atac v I mmm

J5

J5

DSP DSP J5 DSP

board #N = board #2 . E] 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. 2-21. Connection of UECM to multiple TORNADO-548/549/5402/5410 boards.
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Using UECM for emulation external TI TMS 320 DSPs

UECM also convertsTORNADO-548/549/5402/5410 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 WECM (fig.2-22). This optional external pod also connects to
target TMS320 DSP. The MPSD and JTAG podsU&CM are the pods used with MicroLABVIRAGE-

510D emulator.

1 External DSP
J m 15 System
DSP
y |

JTAG
MPSD
connector

Fig. 2-22. 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 the GoDSP C2xx/C5x, C3x/C4x, C54x and C6x Code Composer IDE.

CAUTION

OnceUECM is installed ontdf ORNADO-548/549/5402/5410 mainboard and configured
for connection to external TMS320 DSP via optional MPSD or JTAG pod, then the on-Hoard
hardware disconnectdECM from on-board JTAG-path and configures the on-board JTA[G-
path for connection to external TI XDS510 or MicroLABIRAGE-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-542L on-board JTAG-path

The on-board JTAG path folTORNADO-542L (fig.2-23) comprises of JTAG-IN connector (JP4),
TMS320C542 DSP and tHeCC (emulation control chip, also known as TBC) socket site (S5).
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Fig. 2-23. On-board JTAG path of TORNADO-542L.

JTAG-IN connector is designed for connection of external TI XDS510 or MicrolMRAGE-510D JTAG
emulator, and is actually paralleled with optional on-bda@.

CAUTION

If TI XDS510 or MicroLAB” MIRAGE-510D universal scan-path emulator is being use
with TORNADO-542L, then the emulation controller chig€C) should be switched off,
and vise-versa.

Connection of external XDS510 aMIRAGE-510D emulators to th§ ORNADO-542L
on-board JTAG-IN connector whilECC is installed and is configured to connect to the o-
board TMS320C542 DSP is strongly prohibited and may resulinmade of eitheECC or

external XDS510 antM/IRAGE-510D emulators.
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CAUTION

JTAG path ofTORNADO-542L does not provide the dedicated JTAG ‘multiprocessor
chaining’ hardware (JTAG-OUT connector and JTAG path terminator).

When either of external JTAG emulator€C is used for emulation thEORNADO-542L
on-board TMS320C542 DSP, then JTAG ltiprocessor-chain’ mode is not allowed as
standard with this JTAG connection.

Should the user consider to UBBRNADO-542L in JTAG ‘multiprocessor-chain’ while
emulating the on-board TMS320C5B&P, then optional external JTAG-path IN/OUT
splitter is required. Call MicroLAB Systems for details.

Using external JTAG emulator with TO RNADO-542L

If external Tl XDS510 or MicroLAB' MIRAGE-510D JTAG emulator is considered for debugging the
TORNADO-542L on-board TMS320C542 DSP environment, then this latou should connect to the
dedicated on-board JTAG-IN connector BORNADO-542L mainboard (see fig.2-1, fig.2-24 and fig. A-1).

JTAG-IN JTAG Emulator

XDS-510 (TI)

|
|
|
|
w |
|
bspP | MIRAGE-510D (MicroLAB Systems) }
1 |
E] ‘ |
1 n } M .
| |
I |
|
| |
| IBM PC |

Fig. 2-24. Connection of external JTAG emulator to TORNADO-542L.
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CAUTION

If TI XDS510 or MicroLAB” MIRAGE-510D universal scan-path emulator is being use
with TORNADO-542L, then the emulation controller chig€C) should be switched off.

Connection of external XDS510 aMIRAGE-510D emulators to th§ ORNADO-542L
on-board JTAG-IN connector whilECC is installed and is configured to connect to the o-
board TMS320C542 DSP is strongly prohibited and may resulinmade of eitheECC or

external XDS510 antM/IRAGE-510D emulators.

Using ECC for emulation the TO RNADO-542L on-board TMS320C542 DSP

In caseTORNADO-542L is used inside the closed computer package, or external TI XDS510 or MicroLAB’
MIRAGE-510D universal JTAG emulator is not available, then optidé@C (emulation controller chip, also
known as TBC) is recommended for emulatiorm 6l RNADO-542L on-board TMS320C542 DSP.

ECC is a low-cost replacement for external TI XDS510 and MicroLAMBRAGE-510D universal JTAG
emulators and installs into the dedicated S5 sockdf@RNADO-5421 mainboard (fig.2-25)ECC does not
require external JTAG pod for connectiontl@RNADO-542L board via JTAG-IN connector. Instead, the on-
board TORNADO-542L hardware provides direct connection &CC JTAG port to the on-board
TMS320C542 DSP in cageCC is installed.

]

DSP
@
L)

Fig. 2-25. Connection of ECC to TORNADO-542L on-board TMS320C542 DSP.

ECC runs under the industry standard TI TMS320C54x HLL Debugger and GoDSP TMS320C54x Code
Composer IDE.

Note, thatECC might be activated and allocated into the host PC-bus 1/O area by meansT6#€. EXE
software utility, which is included with thEORNADO-542L board (see chapter 4).
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CAUTION

OnceECC is installed, then the externdDS510 orMIRAGE-510D emulator should be
disconnected from the JTAG-IN connectorTddRNADO-542L. .

Connection of external XDS510 aMIRAGE-510D emulators to th§ ORNADO-542L
on-board JTAG-IN connector whilECC is installed and is configured to connect to the o-
board TMS320C542 DSP is strongly prohibited and may resulinmade of eitheECC or

external XDS510 antM/IRAGE-510D emulators.

2.9 Software Development Tools

TMS320C54x DSPs are now the industry standard DSPs and are supported by a variety of software
development tools from multiplé®®arty vendors.

Compilers and Debuggers

Software development foFORNADO-54x is supported by TI TMS320C54x DSP tipizing C Compiler and
Assembly Language Tools.

Debugging of TMS320C54x DSP resident software T&RNADO-54x is supported by Tl HLL Debugger
(www.ti.com and TMS320C54x Code Composer IDE from GoDSP Cewpngo-dsp.con Both debuggers
require either on-board optional emulation controller cl#g€) installed for TORNADO-542L or UECM
emulation control daughter-card module installed T®WRNADO-548/549/5402/5410, which may ship
together withTORNADO-54x DSP system.

Real-time Multitask ing Op erating Systems (RTOS)

TORNADO-54x 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 I/O from DSP environmemMQRNADO-54x 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 Inaafw.sgctron.comis an industry standard RTOS for DSP
that provides multitasking support. It is available with a selection of function librariBsStemath,
matrix, etc. computations.
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Application Softw are Tools for TO RNADO-54x

Application specific software tools fafORNADO-54x DSP system include a variety of function libraries for
DSP, math, vector, image, etc computation, as well as function libraries for vocoder/fax/modem application:
and audio multimedia.
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Chapter 3. Installation and Configuration

This chapter includes instructions for configuring and installatiof@RNADO-54x 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€®RINADO-542L prior
installation of TORNADO-54x 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 interfacd @RNADO-54x is configured by means of on-board DIP-
switch SW1 (see fig.2-2 and fig.A-1) in accordance with configuration setting in table 2-4.

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-54x is shipped from factory with I/O base address for host ISA-bus 1/O interface in accordance
with default settings from table 2-4.

3.2 Setting Interrupt Request Line for Host PC

Setting of host PC interrupt request line is optional procedure@6tNADO-54x and should be performed in
accordance with requirements of application software that you use togetheT@RWADO-54x. 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 (s
fig.2-2 and fig.A-1). See section 2.5 for details abbBORNADO-54x host PC interrupt supportORNADO-
54x 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-54x Mainboard into Host
PC

After I/O base address for host ISA-bus 1/O interfacd ©@RNADO-54x has been configured and host PC
interrupt request line has been setup, you can now inRERNADO-54x board into 16-bit ISA-bus slot of
host PC and screw on-boafdRNADO-54x 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-54x has been installed into host PC, the PC power has been switched &Q&rhs been
loaded, you can proceed with configuring ISA-bus memory base address for host ISA-bus memory interface of
TORNADO-54x.

It is recommended to usE54CC.EXE software utility for configuring ISA-bus memory base address for host
ISA-bus memory interface SFORNADO-54x at DOS prompt.

Setting host PC softw are environment for access ing host ISA-bus memory interface of
TORNADO-54x

Prior you will start working withTORNADO-54x host ISA-bus memory interface, you have to configure host
PC software environment in order it can properly communicate with host ISA-bus memory interface of
TORNADO-54x.

If memory base address GIORNADO-54x host ISA-bus memory interface should be seD&)00H hex
value, then this requires including the following line into CONFIG.SYS file of host DOS or WINDOWS
operating 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 the8000H..DFFFFH UMB area, so it will might be used for communication Wit@RNADO-54x
host ISA-bus memory interface.
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Should you need to setup different memory base addrd3&8RNADO-54x host ISA-bus memory interface in
accordance with table 2-3, 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.

Setting memory base address for host ISA-bus memory interface in TORNADQO-54x

You have to invoked54CC.EXE software utility with-imXXXXX command line option in order to setup ISA-
bus memory base address for host ISA-bus memory interfacBOBINADO-542L at DOS prompt in
accordance with table 2-3.

The following example set88000H memory base address for host ISA-bus memory interfac©BINADO-
54x:

T54CC -imD8000

In case 1/0O base address of host ISA-bus I/O interfad@O6*NADO-54x differs from default value specified
in table 2-4, then you have also specifXXX command line option (whet¥XX denotes I/O base address of
host ISA-bus I/O interface fofORNADO-54x) in DOS canmand line when invokind54CC.EXE software
utility. The following example demonstrates how to invaketCC.EXE software utility for TORNADO-54x
DSP system with I/O base address for host ISA-bus 1/0O interface being configured to 300H value:

T54CC -imD8000 -ip300

Switching Off host ISA-bus  memory interface of TORNADO-54x

The following example demonstrates how to switch off host ISA-bus memory interfad@RNADO-54x
DSP system:

T54CC -im0

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-542L Mainboard

Installation of emulation controller chieCC) onto TORNADO-542L board should be performed while host
PC power off.

Installation of ECC

In order to install emulation controller chiE€CC) onto TORNADO-542L board follow recommendations
below (see fig. 3-1):
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» switch off power of host PC

* removeTORNADO-542L 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 PLCC-44 sockEO&RNADO-542L
board

* orientECC in such way, that the key corner of its PLCC-44 package would match the corresponding
corner of on-board PLCC-44 socket

» safely insertECC into on-board PLCC-44 socket

» safely plug and fiXeCC in the on-board PLCC-44 socket

* install TORNADO-542L into 16-bit ISA-bus slot of host PC

» switch on power of host PC

Emulation
Controller Chip

ECC chip

Socket for ECC
ECC Socket Key

Fig.3-1. Installation of emulation controller chip (ECC) onto TORNADO-542L board.

Setting I/O Base Address for ECC

You have to invok&54CC. 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 2-10.

The following example set340H 1/O base address f&CC:
T54CC -ep240

In case I/O base address of host ISA-bus I/O interfaG®O&RNADO-542L differs from default value specified
in table 2-4, then you have also specifXXX command line option (whet¥XX denotes I/O base address of
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host ISA-bus 1/O interface foTORNADO-542L) in DOS canmand line when invokingrf'54CC.EXE
software utility. The following example demonstrates how to inv@kelCC.EXE software utility for
TORNADO-542L DSP system with /O base address for host ISA-bus 1/O interface being configured to 300H
value:

T54CC -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:
T54CC -ep0

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-548/549/5402/5410 Mainboard

You have to installUECM module as a daughter-card module (see fig.1-1) into the dedicated on-board
connector offORNADO-548/549/5402/5410 mainboard (see fig.2-2 and fig.A-1).

CAUTION

Once you install thé¢/ECM daughter card module onto tAi©@RNADO-
548/549/5402/5410 mainboard, you cannot use SIOX-B site for installation of SIOX
AD/DA/DIO daughter-card modules.

In order to installUECM module ontoTORNADO-548/549/5402/5410 mainboard you have to follow the
instructions below (see fig.3-2):
* slantUECM module
* insert the on-module connector for active buffer pod into the corresponding holeTi@RMADO-
548/549/5402/5410 mounting bracket
* plug in theUECM male header into the dedicated female connectGr@RNADO-
548/549/5402/5410 mainboard
» setup the ISA-bus I/O base address forti&"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 }

[TORNADO-548/549/5402/5410 DSP System Mai nboardj ; o UECM On-module
Moving Direction for Connector for
Installation of UECM Module Active Buffer Pod

Fig.3-2. Installation of UECM daughter card module onto TORNADO-548/549/5402/5410
mainboard.

The UECM can connect both to the on-board TMS320LC548/VC549 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  320LC548/VC549 DSP JTAG path

After power-on, theUECM is connect to the on-board TMS320LC548/VC549 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
TMS320LC548/VC549 DSP, be sure to set properly the on-board JTAG path terming}or
jumper J5 in accordance with figure 2-15.

If you want to setup this connection again, you should useT&#CC.EXE software utility with “ef
command line option. WECM is allocated at the 1/O base address that differs from the 240H I/O base
address, then useepXXX' command line option for specifying the I/O base addres$/t6CM (default is the
‘-ep240 configuration).

The following command line configures tHéECM, which is allocated at the 280H 1/O base address, to
connect to the on-board TMS320LC548/VC549 DSP JTAG path:
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T54CC -ei -ep280

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 usel#CC.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 t¢ECM (allocated at the 280H 1/O base address) to connect to
external TMS320 DSP via optional external buffer MPSD or JTAG pod:

T54CC -ex -ep280






Chapter 4. Ultility Software 95

Chapter 4. Utility Software

This chapter contains description of utility software FT& RNADO-54x DSP system.

4.1 T54CC.EXE Control Center Utility

T54CC.EXE (*TORNADO-54x Control Center”) utility is aDOS caonmand line control tool for
TORNADO-54x that delivers simple and powerful user control T@RNADO-54x hardware.T54CC.EXE
utility features the following functionality:
» display and set all registers BORNADO-54x host ISA-bus 1/0O interface
» read/write from/to on-board SRAM (Program/Data memory areas) and PIOX-16 1/O area via
TORNADO-54x host ISA-bus memory interface
* access to the HPI port of TMS320C54x DSP
» configure theECC emulation controller fofTORNADO-5421. and UECM emulation control
daughter card module fafFORNADO-548/549/5402/5410.

T54CC.EXE utility should be invoked fro®OS with up to ten camand line options specified:
T54CC [-option1] [-optionZ2] [-option3] ...

Each command line option corresponds to speC@®&RNADO-54x hardware control operation. The following
is a list of available command line options T4CC.EXE utility.

System Control via CONTROL REGISTER

-C Display and interpret contents GONTROL REGISTER.

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

-cg0 ClearSB_GLOCK bit of CONTROL REGISTER and unlock SB.

-cgl SetSB_GLOCK bit of CONTROL REGISTER for immediate active SB
locking.

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

-clo ClearSB_LOCK hit of CONTROL REGISTER and unlock SB.

-cl1 SetSB_LOCK bit of CONTROL REGISTER and issue active SB locking
during nearest SB access from host ISA-bus memory interface.

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

-cie0 Clear SB_ERROR_IE bit of CONTROL REGISTER and disable host
interrupts on SB error.

-ciel Set SB_ERROR_IE bit of CONTROL REGISTER and enable host

interrupts on SB error.
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-cim

-cimO0

-cim1

-cro

-crl

Flag Registers Control

-fsr
-fsrxXX

-fr

-frXX

-thO
-thh

-fhe

Display current state df/lH_RQ_IE bit (host interrupt enable on requests
from TMS320C54x DSP) oifONTROL REGISTER.

Clear MH_RQ_IE bit of CONTROL REGISTER and disable host
interrupts on requests from TMS320C54x DSP.

Set MH_RQ_IE bit of CONTROL REGISTER and enable host
interrupts on requests from TMS320C54x DSP.

Display current state of reset signal for TMS320C323P, which is
specified byM_GO bit of CONTROL REGISTER.

Remove reset signal for TMS320C54x DSP, i.e. put DSP into “Rif#t&.s
This option setd/_GO bit of CONTROL REGISTER.

Apply reset signal for TMS320C54x DSP, i.e. put DSP into “RESET”
state. This option clea’d 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 interpret contents 8%¥S_STATUS_FRG flag register.

Display current state o6B_ERROR flag from SYS_STATUS FRG
flag register.

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 affP/_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.
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-fhe0O

-fm1

-thi
-thie

-thie0

-thiel

-thih

-thihO

-thih1

-thid

-thid0

-thid1

-fds

-fdsm

-fdsr

Clear HPI_ERROR flag, i.e. write toCLEAR_HPI_ERROR_FRG flag
register.

Generate interrupt request to TMS320C54x DSP, i.e. write to
SET_HM_RQ_FRG flag register.

Display and interpret contents BP/_IE_FRG flag register.

Display current state ofPl_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 ofHfP/_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/_HINT.

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

Display current state dffPl_DISABLE bit of HPI_IE_FRG flag register
of TORNADO-5402 DSP system.

Clear HPI_DISABLE bit of HPI_IE_FRG flag register of TORNADO-
5402 DSP system, i.e. enable HPI feature of on-board TMS320VC5402
DSP and disable output of second DSP on-timer (TM1) as soon as the
DSP reset signal illbe released (i.e. when thd_GO bit of CONTROL
REGISTER will change from theVl_GO=0 state toVl_GO=1 state). This
options is allowed only during TMS320VC54@5SP is in the ‘RESET’
state (/_GO=0).

Set HPI_DISABLE bit of HPI_IE_FRG flag register for TORNADO-
5402 DSP system, i.e. disable HPI feature of on-board TMS320VC5402
DSP and enable output of second DSP on-thipr (TM1) as soon as the
DSP reset signal ilbe released (i.e. when thd_GO bit of CONTROL
REGISTER will change from theVl_GO=0 state toV/_GO=1 state). This
options is allowed only during TMS320VC54@5SP is in the ‘RESET’
state (/_GO=0).

Display and interpret contents BSP_STATUS_FRG flag register.

Display current state adbDSP_MLock bit of DSP_STATUS_FRG flag
register.

Display current state dSP_M_GO bit (read-back value a¥I_GO bit of
CONTROL REGISTER) of DSP_STATUS_FRG flag register.
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-fdsh

-frdi

SB Access Control

-ba

-balA@Z

-bdSA,EA@Z

-bWAXXXX@Z

HPI Access Control

-hc
-hchO

-hcd1

-hdSA,EA

-hwA, XXXX

Display current state oDSP_HPI_DISABLE bit (current state of HPI
TMS320VC5402 DSP HPI enable feature f@IORNADO-5402 DSP
system) ofDSP_STATUS_FRG flag register.

Display TORNADO-54x device ID and s/n, which are contained in
DEV_IDO FRG andDEV_ID1_FRG flag registers.

Display contents o5B PAGE MAPPER register that defineSMP SB
base address for host-to-SB access.

Load SB PAGE MAPPER register with SMP SB base address that
corresponds té\ five digit hex SB address of 16-bit SB data wordZiisB
area (‘P’ - for program area, ‘D’ - for data area, and ‘I’ - for 1/O area).

Display 16-bit SB dataSA and EA parameters specify five digit hex SB
starting and ending addresses for 16-bit SB data words correspondingly in
Z SB area (‘P’ - for program area, ‘D’ - for data area, and ‘I’ - for 1/O
area). Final contents 8B PAGE MAPPER register will be set to the
SMP SB base address that correspondsAaddress.

Write 16-bit XXXX hex data word a#A five digit hex SB addressA
parameter defines SB address of 16-bit SB word i8B area (‘P’ - for
program area, ‘D’ - for data area, and ‘I’ - for I/O area$B PAGE
MAPPER register will be set to theSMP SB base address that
corresponds té\ address. (see section 2.4)

Display and interpret contents of HPIC register of TMS320C54x DSP.

Clear HINT bit of HPIC register (DSP-to-host interrupt request via HPI) of
TMS320C54x DSP.

Set DSPINT bit of HPIC register (host-to-DSP interrupt request via HPI)
of TMS320C54x DSP.

Display HPI shared memory data of TMS320C5BESP within the
SA...EA hex HPI address range.

Write 16-bit XXXX hex data word afA hex HPI shared memory address of
TMS320C54x DSP.

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

-im

Display ISA-bus memory base for host ISA-bus memory interface of
TORNADO-54x in accordance with table 2-3 (display and interpret
contents ofSA_MI_BADDR_FRG flag register).
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-ImXXXXX

-im0

-ipXXX

Set XXXXX hex ISA-bus memory base address for host ISA-bus memory
interface of TORNADO-54x in accordance with table 2-3 (load
ISA_MI_BADDR_FRG flag register). IfT54CC.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 fromi54CC.EXE utility in order to
deactivate host ISA-bus memory interface afterthat.

Deactivates host ISA-bus memory interface BORNADO-54x, i.e.
removes it from ISA-bus memory address on exit fré®dCC.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 2-4
will is used.

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

_ep

-epXXX

Display current ISA-bus /O base fdECC for TORNADO-542L in
accordance with table 2-10 (display and interpret contents of
ISA_ECC_IO_BADDR_FRG flag register).

Set XXX hex 1/0O base address fadECC for TORNADO-542L in
accordance with table 2-10 and activate it, i.e. include ECC into ISA-bus
I/O address space and connect it to scan-path interface of TMS320C542
DSP. For TORNADO-548/549/5402/5410 with UECM installed, this
option specified the I/O base addressUttrCM. OnceT54CC.EXE utility

has been invoked with this command line option, attachment of external Tl
XDS510 or MicroLAB® MIRAGE-510D emulator is not allowed for
TORNADO-542L unless T54CC.EXE utility will be invoked with -ex
command line option.

Set default 1/0 base address B8€C for TORNADO-542L in accordance
with table 2-10 and activateCC, i.e. include ECC into ISA-bus I/O
address space and connect it to scan-path interface of TMS320C542 DSP.
In caseD_OPTIONS DOS system variable for TI TMS320C54x C Source
Debugger is set and its list includggXXX option, thenXXX hex /O
address will be used as default /O base addredsS@@r instead of that in
accordance with table 2-10. FaAtORNADO-548/549/5402/5410 with
UECM installed, this option configurddECM to connect to the on-board
TMS320LC548/VC549 JTAG path. OncE54CC.EXE utility has been
invoked with this command line option, attachment of externa®0%510

or MicroLAB’ MIRAGE-510D emulator is not allowed tdORNADO-
5421 and is ignored for TORNADO-548/549/5402/5410 unless
T54CC.EXE utility will be invoked with-ex command line option.
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-ep0

DeactivatesECC controller for TORNADO-542L, i.e. removeECC from
ISA-bus 1/0O address space and disconnect it from scan-path interface of
TMS320C542 DSP. Oncéb54CC.EXE utility has been invoked with this
command line option, attachment of externalXDS510 or MicroLAB’
MIRAGE-510D emulator is allowed t6ORNADO-5421..

For TORNADO-542L this option is identical to-ep0 command line
option, i.e. it removeseECC from ISA-bus I/O address space and
disconnects it from scan-path interface of on-board TMS320C542 DSP.
For TORNADO-548/549/5402/5410 with UECM installed this option
configuresUECM to connect to external TMS320 DSP via optional MPSD
or JTAG pod. OnceT54CC.EXE utility has been invoked with this
command line option, attachment of externalXDS510 or MicroLAB’
MIRAGE-510D emulator is allowed t6ORNADO-54x.

Perform software reset &CC or UECM. Recommended on invocation
and exit from TI TMS320C54x HLL Debugger or GoDSP TMS320C54x
Code Composer IDE.

General System Control Opt ions

-r

Utility Options
-P

-?

Perform software reset ofORNADO-54x host ISA-bus interface. All
registers of host ISA-bus interface are put into default state&@dechip

of TORNADO-542L is reset, DSP is put into ‘RESETtase, all error flags

are reset, and all host interrupt enable masks are reset.
Also, the <B 0xff80> program code is written into the reset vector location
of DSP interrupt table (default address 0xff80@P-MEM after DSP reset),
which guarantees that DSRIvbe put into known state after tHESP reset

line will be released prior running the Tl C54x HLL Debugger or GoDSP
C54x 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.

Display list of available options foF54CC.EXE utility program. Help list
is also displayed whe54CC.EXE utility program is invoked without
command line options.

T54CC.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.

T54CC.EXE utility returnsDOS exit codein case it is invoked withim, -c, -cg, -cl, -cie, -cim, -fst, -fr, -frs,
-fe, -fb, -th, -fhh, -fhe, -fhi, -fhie and-fhih command line options, which correspond to display of contents of
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registers, bits and flags GFORNADO-54x 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 is usefuld#@€g. EXE
utility is integrated intdOS batch (.BAT) file that provides catidnal processing. Exit code Gb4CC.EXE
utility program can be analyzed usingcseeding /F ERRORLEVEL' DOS batch file cmmands. The
following example of DOS batch file performs caimhal processing o6B_ERROR flag of TORNADO-

54x:

T54CC -fed
IF ERRORLEVEL 1 T54CC -fe0

When multiple data display options for thié4CC.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 B%4CC.EXE utility, then the exit code ‘255’ is returned. T64CC.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 TMS320C54x COFF -files via Host ISA-
bus Memory Interface

Uploading of TI TMS320C54x COFfles (output .OUT files from TI TMS320C54x C/Assembler compilers)
into TORNADO-54x on-board SRAM/PIOX-16 areas and TMS320C54x DSP on-chip environment can be
performed by means Gt54COFF.EXE software utility, that is included with utility software f6IORNADO-

54x. T54COFF.EXE utility loads TI TMS320C54x COFHle into TORNADO-54x environment via host
ISA-bus memory interface without utilization of emulation controle€C or UECM emulation control
daughter card module.

COFF-file can be uploaded into ti®RNADO-54x environment using different modes:

» standard modgi.e. when data is uploaded to on-board SRAM/PIOX-16 areas via host ISA-bus
memory interface without affecting TMS320C54x DSP chip reset line and SB locking

* reset modgi.e. when data is uploaded to on-board SRAM/PIOX-16 areas and TMS320C54x DSP
on-chip environment via host ISA-bus memory interface while holding TMS320C54x DSP in
‘RESET’ state

» global SB locking modé.e. when data is uploaded to on-board SRAM/PIOX-16 areas via host ISA-
bus memory interface using global SB locking

» SB locking modd.e. when data is uploaded to on-board SRAM/PIOX-16 areas via host ISA-bus
memory interface using the SB locking.

All modes except foreset modeprovide uploading of COFfle into SRAM/PIOX-16 areas only. However,
these modes do not effect reset signal for TMS320C54x DSP, aadcdn be uploaded in parallel with
TMS320C54x DSP running.

Reset moderovides uploading of COFfle into both on-board SRAM/PIOX-16 areas and TMS320C54x
DSP on-chip environment (including DSP on-chip memory and peripherals). This is performed by means c
using run-time TMS320C54x loader that is loaded into on-board SRAM and then removed automatically b
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T54COFF.EXE utility each time loader recognizes that CGH& data section should be loaded into the DSP

on-chip resources.

Uploading of COFHile into TORNADO-54x is performed by invokingr54COFF.EXE utility from DOS

command line:

T54COFF FILENAME[.OUT] [-optionl1] [-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 foF54COFF. EXE utility, which are grouped into several functional groups.

Upload Mode Control

-Ir

SetRESETmode for uploading of COFfle. COFHfile is uploaded while
holding TMS320C54x DSP in ‘RESETtate by means of clearing_GO

bit of CONTROL REGISTER. This mode is used for uploading of source
program/data modules and supports uploading into both on-board
SRAM/PIOX-16 areas and TMS320C54x DSP on-chip memory and
peripherals. TMS320C54x DSP can be placed into the ‘Rt on exit
from T54COFF.EXE utility using -crO command line option. Thelr
option is assumed as default if nonelgf -Il and-In options is specified.

SetGLOBAL SB LOCKINGnode for uploading of COFfile. COFFile

is uploaded into on-board SRAM/PIOX-16 areas while holding SB locking
by means of settingSB_GLOCK bit of CONTROL REGISTER.
TMS320C54x DSP il not be able to ecess SRAM/PIOX-16 areas until
uploading will be finished. TMS320C54XSP on-chip resources cannot be
loaded in this mode. This mode is normally used for uploading of shared
data into on-board SRAM/PIOX-16 areas while TMS320CREP is
executing a program.

SetSB LOCKINGmode for uploading of COFfle. COFFile is uploaded

into on-board SRAM/PIOX-16 areas while holding SB locking by means of
setting SB_LOCK bhit of CONTROL REGISTER. TMS320C54x DSP

will not be able to ecess SRAM/PIOX-16 areas until uploading will be
finished. TMS320C54x DSP on-chip resources cannot be loaded in this
mode. This mode is normally used for uploading of shared data into on-
board SRAM/PIOX-16 areas while TMS320C54x DSP is executing a
program.

Set STANDARDmode for uploading of COFfle. COFHfile is uploaded
without affecting ‘RESET’ state of TMS320C54SP and without SB
locking. TMS320C54x DSP i be able to acess on-board SRAM/PIOX-

16 areas during uploading of COfile. The on-board TMS320C54x 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
SRAM/PIOX-16 areas while on-board TMS320C54x DSP chip is
executing a program.
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-Xi Exclude uploading of TMS320C54x DSP on-chip memory and peripherals
when usingRESET mode for uploading. This option should be used
together with-Ir option only.

-ovly Assume that TMS320C54x DSP on-chip DARAM is mapped to program
memory space. This option should be used together-inidption only.

Restarting TMS 320C542 DSP on EXxit

-cro Restart TMS320C54x DSP on exit from54COFF.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 intdf ORNADO-54x environment an all other command
line options specified will be ignored.

Setting Base Addresses of ISA-bus Memory and I/O Interf  aces

-ImXXXXX Set XXXXX hex ISA-bus memory base address for host ISA-bus memory
interface of TORNADO-54x in accordance with table 2-3 (load
ISA_MI_BADDR_FRG flag register). IfT54CC.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 fromi54CC.EXE utility in order to
deactivate host ISA-bus memory interface afterthat.

-im0 Deactivates host ISA-bus memory interface BORNADO-54x, i.e.
removes it from ISA-bus memory address on exit fré®dCC.EXE
utility.

-ipXXX 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 2-4
will is used.

Utility Options
-? Display list of available options fofr54COFF.EXE utility. Help list is

also displayed wheM54COFF.EXE utility is invoked without command
line options and parameters.

In case no errors are detected THYCOFF.EXE utility, then exit code ‘O’ will be returned, otherwise exit
code ‘1" will be generated.
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CAUTION

If T54COFF.EXE utility is used with-Ir command line option (or wheifg, -l and-/n
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@THR cannot be itialized correctly during
uploading of TMS320C54x DSP on-chip memory or peripherals. This problem is causgd 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 invokingr'54CC. EXE utility program with the-er command line option.
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Appendix A. On-board Jumpers and
Connectors.

This Appendix includes a summarized description for TIRBRNADO-54x on-board configuration jumpers,
connectors, switches and sockets.

The layout for theTORNADO-54x on-board configuration jumpers, connectors, switches and sockets is
presented at fig.A-1. Fig.A-la contains information for t(R@RNADO-542L layout, whereas fig.A-1b
contains information for th@ ORNADO-548/549/5402/5410 layout.
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Fig.A-1a. On-board layout for TORNADO-542L.
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Fig.A-1b. On-board layout for TORNADO-548/549/5402/5410.

On-board Configuration Switches

All on-board configuration switches fArORNADO-54x DSP systems aresumarized in table A-1.

Table A-1. On-board configuration switches for TORNADO-54x.

switch switch function description reference information
ID

SwWi ISA -bus I/O base address for host ISA-bus I/O interface. Section 2.5, table 2-4.
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On-board Configuration Jumpers

All on-board configuration jumpers fafORNADO-54x DSP systems aresumarized in table A-2.

Table A-2. On-board configuration jumpers for TORNADO-54x.

jumper jumper function description reference information

ID

J1 Host ISA-bus interrupt request line selector. Sections 2.6 and 3.2.

J2 SRAM DIP-chips type selector (TORNADO-542L only). Section 2.2

J3 XIOF-0/TM selector for SIOX and PIOX-16 interface sites Sections 2.6 and 2.7 , tables 2-11
(TORNADO-542L only). and 2-12

J4 SI0-0/1 ports configurator for SIOX-B site (note: this jumper Section 2.7, fig.2-13.
settings are different for TORNADO-542L and TORNADO-
548/549/5402/5410).

J5 JTAG path terminator (TORNADO-548/549/5402/5410 only). Section 2.8, fig.2-16..2-21.

J6 SIO-1 ports configurator for SIOX-A site (TORNADO- Section 2.7, fig.2-13.
548/549/5410 only).

On-board Connectors

All on-board connectors fof ORNADO-54x DSP systems aresumarized in table A-3.

Table A-3. On-board connectors and headers for TORNADO-54x.

connector ID connector function description reference information

JP1 PIOX-16 expansion interface site header. Section 2.6, fig.2-7.

JP2 SIOX-A/B expansion interface sites headers. Section 2.7, fig.2-12.

JP3

JP4 JTAG-IN and JTAG-OUT (TORNADO-548/549/5402/5410 Section 2.8, fig.2-16..2-21.

JP5 only) connectors

JP6 UECM site header (TORNADO-548/549/5402/5410 only) Sections 2.8 and 3.6.

JP7 Connector for external TTL clock for McBSP-0 serial port of Section 2.7, fig.2-14.
TMS320VC5410 DSP (TORNADO-5410L only with
TMS320VC5410 DSP in the BGA package).
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TMS320VC5410 DSP (TORNADO-5410L only with
TMS320VC5410 DSP in the BGA package).

JP8 Connector for external TTL clock for McBSP-1 serial port of Section 2.7, fig.2-14.
TMS320VC5410 DSP (TORNADO-5410L only with
TMS320VC5410 DSP in the BGA package).

JP9 Connector for external TTL clock for McBSP-2 serial port of Section 2.7, fig.2-14.

On-board Sockets

All on-board sockets fof ORNADO-54x DSP systems aresunarized in table A-4.

Table A-4. On-board sockets for TORNADO-54x.

socket
ID

switch function description

reference information

S1

DIP-8 socket for TTL/ICMOS 5v crystal generator for external
clock source of McBSP-0 serial port of TMS320VC5410 DSP
(TORNADO-5410L only with TMS320VC5410 DSP in the
BGA package).

Section 2.7, fig.2-14.

S2

DIP-8 socket for TTL/ICMOS 5v crystal generator for external
clock source of BSP1/McBSP-1 serial port of TMS320C54x

DSP (TORNADO-5410L only with TMS320VC5410 DSP in

the BGA package).

Section 2.7, fig.2-14.

S3

DIP-8 socket for TTL/ICMOS 5v crystal generator for external
clock source of TDM/McBSP-0 serial port of TMS320C54x
DSP (TORNADO-5410L only with TMS320VC5410 DSP in
the BGA package).

Section 2.7, fig.2-14.

S5

PLCC-44 socket for ECC (emulation controller chip) for local
emulation of TORNADO-542L on-board TMS320C54x DSP
(TORNADO-542L only).

Section 2.8; fig.2-23.







