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CAUTION

dupma Mukpo/IAB Cucmemc JImd (MJIC) octaBnsieT 3a cobolt NpaBoO BHOCUTL NOOblE U3MEHEHMS M MpeKpallatb BbIMycK W
NnogaepXKy INoObiX M3Oenui U MPOrpaMMHOro obecrneyeHusi, YNOMMHAeMbIX B HAcTOsILEeM [OKyMeHTe, 6e3 kakoro-nnbo
npeaBapuTENbLHOTO yYBEOAOMIIEHUS, €CNM WMHOe creuuanbHO He oroBapuBaeTcsi. MJIC pekoMeHAyeT CBOMM  MOKynaTensim
nonb30BaTbCs MOASIMHHLIMU U CaMbIiMK MOCHEAHUMU BEPCUAMU (DUPMEHHBIX MH(POPMALMOHHBIX AOKYMEHTOB W OCYLLECTBSTb
npeaBapuTenbHOE KOHCYNbTUPOBaHME C (MPMON Mepen pas3MelleHMeM 3akasa, YToObl OblTb YBEPEHHbIM, YTO HacTosLias
MHOpMaLMs JOCTOBEPHA U MPUMEHVMA Ha TEKYLLMIA MOMEHT.

MJIC rapaHTMpyeT KayeCcTBO M COOTBETCTBME TEXHUYECKMX MapaMeTpoB MOCTaBMSIEMOV MPOOYKUMU NMPUBEAEHHOW TEXHUYECKOM
cneumdukauum. Beskoe TecTupoBaHve 1 NpoBepka NpoayKumMn Npon3BoaATCst OUPMON B cTeneHn n obbemax, HeobxoaMMbIX Ans
noaaepXku HacTosiLet rapaHTun. Kakoe-nvbo [AononHWMTensHOe TeCTUPOBaHWE M NpoBEpKa NPOAYKLMM Ha COOTBETCTBUE APYrvM
TpeboBaHVsIM NPOBOAATCS NWLLL W TOMBKO B CIY4asiX, BbIMOIHSEMbIX MO CheumanbHbIM 3akasam, Unv Toraa, Koraa aTo crneuuansHO
oroBapuBaeTcsi.

MJIC He HeCeT HWKaKkoW OTBETCTBEHHOCTM 3a MpPaBUIIbHOCTb (PYHKLMOHMPOBaHMS U paboTocnocobHOCTb 06opyaoBaHUst U
nporpaMmHoro obecrneveHusi, paspaboTaHHOrO WU M3TrOTOBIIEHHOTO C NMPUMEHEHUEM MPOAYKUMN (UNW OTAENbHBIX ee KOMMNOHEHTOB)
VPMbI, €CIN 3TO HE MOATBEPXKAEHO cneunanbHbiM rpMeHHbIM cepTudimkatom MJIC.

Mpooykuma MJIC He npegHasHadeHa [Ans MNPUMEHEHUSI B annapartype, CUCTeMax WNvM UW3denusax Ans  NoaaepXKu
XusHugesitenbHocTu. lNpumeHenne npoaykuum MJIC B TakoM 0OOpyOOBaHUM KaTeropuvvecku 3anpelleHo 6e3 cneumanbHOro
NCbMEHHOro noaTBepxeaeHusi ot MJIC unn opuruHansHoro compmeHHoro ceptudmkara MJIC.

IMPORTANT NOTICE

HacToswasn npoaykuus npeaHasHaveHa Ans UCnonb3oBaHWsl B cocTase nabopaTopHOro TECTOBOMO M Hay4YHO-MCCIEA0BaTENbCKOro
obopynoBaHus. MJIC He HeceT OTBETCTBEHHOCTW 3a paboTOCMOCOOHOCTb HACTOsILEeN NpodykuuMu B COCTaBe OpYroro Tuna
o6opynoBaHUs UMMM B OTMIUYHBIX OT CNELMMULIMPOBaHHbIX YCIOBUSIX KCNyaTaumu. MNpu NoBpexaeHusix HacTosiLer NpoayKumy,
BbI3BaHHbIX €€ MPUMEHEHNEM B COCTaBe ApYroro Tuna obopynoBaHus U/unv yCcrioBvin SKCnyaTaumm, rapaHTuiiHble obszatenscTea
aHHynupytoTcst 6e3 kakoro-nMbo Bo3MeLLeHst yLep6a u PeMOHT NPOU3BOAMUTCS 3@ CHET Nokynarensi.

HacTosiwaa npoaykumsi reHepupyeT, WCMONb3YeT M MOXET W3MNyyaTb paguMoqacTOTHYI SHEPrU, KOTOopasi MOXET co3pdaBarb
pagMoyacToTHble MOMEXV ANs APYroi anmnapaTypbl, HECMOTPSl Ha BCE KOHCTPYKTUBHbIE U [ApyrMe Mepbl, MPeanpuHsiTbie Ans
MWHUMM3aUMM co3paBaeMbix nomex. OfHako, B Cryyae BO3HWKHOBEHWS MOMeX Ans paboTbl OpYyroi annapatypbl MokynaTerb
[IOIDKEH CaM U 3a CBOW CYET MPUHATL MEepbl NS UX YCTPaHEHWUS UMM YMEHbLLEHMSI.

ITEMS OF LICENSE AGREEMENT

Hukakme 4acTu HacTosilero [OOKyMeHTa, annapatHble W MNporpaMMHbIe YacTW HacTOsiLeid NpodyKumMu He MoryT ObiTb
peacceMbnMpoBaHbl, PeTPaccupoBaHbl UMMM U3MEHEHbI C LIeNbl0 BOCCTAHOBMEHUS W/MNWM U3MEHEHUST 3NIEKTPUYECKON CXeMbl,
KOHCTPYKUMKM, anropuTMa paboTbl MAM NpuHLUMNA (YHKLMOHMPOBAHUS IoBbiMM MeTodamu, BOCMPOW3BEAEHbI, CKOMMPOBaHbI,
3aMoMHEHbI B apxvBax C BO3MOXHOCTbIO BOCMPOW3BEAEHUS], @ Taioke nepefaHbl No CPeAcTBaM CBsi3v B noGoM Buae v nobbimu
meToaamu, Oyab TO SMEKTPOHHBbIE, MexaHu4eckue, KonvpoBarbHble, oTorpaduyeckve, 3anucbiBalolwme wnu apyrve, 6es
npeaBapuTenbHO BblAAHHOMO (OUPMEHHOrO MUCbMEHHOrO paspelleHuss oT MJIC. HapylweHne HacTosLWero MONOXEHUS BHE
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About this Document

This user’'s guide contains description f6ORNADO-E31 stand-alone digital signal processinDSP)
controller with 32-bit floating-point TMS320C3SP from Texas Instruments Inc (TI).

This document does not include detail description neither for TI TMS320SPLnor for the corresponding
software and hardware applications. To get the corresponding information please refer to the followin
documentation:

1. TMS320C3x User's Guide. Texas Instruments Inc, SPRU031D, USA, 1994.

2. TMS320C3x C Source De bugger User's Guide. Texas Instruments Inc, SPRUO53A,
USA, 1991.

3. Data Communication ICs. Enhanced Serial Communication Controller ES CC2 SAB
82532. User’s Manual.. Siemens, 1994.

4, TMS320 Floating-Point DSP Optimizing C Compiler User's Guide. Texas Instruments
Inc, SPRUO034B, USA, 1995.

5. TMS320 Floating-Point DSP Assembly Language Tools User's Guide. Texas

Instruments Inc, SPRUO35B, USA, 1995.

Nucleus RTX Reference. Accelerated Technology Inc, USA, 1992.

Nucleus Plus Reference Manual.  Accelerated Technology Inc, USA, 1993.

SPOX. The DSP Operat ing System. A Technical O verview. Spectron Microsystems Inc,

USA, 1991.

9. VIRTUOSO. User Manual. Intelligent Systems International, Belgium, 1993.
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Warranty

The warranty period for all hardware and software products manufactured by MicroLAB Systemsmdd 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.

If you need assistance, documentation or information...

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

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

information request: info@mlabsys.com
technical support:  support@mlabsys.com

WWW: www.mlabsys.com
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Chapter 1. Introduction

This chapter contains general descriptionF&dRNADO-E31 stand-alone DSP controller.

1.1 General Information

TORNADO-E31 is high performance floating-poi@SP controller with TI TMW320C31 DSP for stand-
alone DSP applations. TORNADO-E31 DSP controller feature compact size and flexible modular system
construction in order to meet requirements for multiple applications while keeping a cost to a minimum.

System architecture and construction BORNADO-E31 DSP controller are conapible with that of
TORNADO-E product line of DSP controllers, and the only difference implies to the type of DiaRethsnd
memory capacity.
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Fig.1-1. TORNADO-E31 DSP controller board with SIOX daughter card module.

TORNADO-E31 DSP controller features:
e 32-hit floating-point TMS320C3DSP running at 60MHz
e upto 128Kx32 on-board static Ows RAM and up to 1Mx8 on-board EPROM
* dual-channel 10Mbit/s USART (universal synchronous/asynchroeoes/er/transitter) with
external RS232C and RS422/EIA-530 interfaces for communication with host computer and
peripherals
« software boot from either the on-board EPROMDG&P on-chip séal port, or naboot
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» site for TORNADO serial 1/0 expansion (SIOX) daughter-card module for real-time telecom,
speech/fax/modem, audio, instrurtesion, industrial, digital radio, etc signal processing
applications

» site for TORNADO parallel /0 expansion (PIOX-16) daughter-card module for multichannel high-
speed telecom, instrumentation, industrial, digital radio, etc signal processing applications

» general purpose 10-bit parallel digital 1/O for local system control

e compact size

The following are only few of many applications fBORNADO-E31 DSP controllers:
» real-time DSP and signal acquisition
» fax/modem
» vocoders and speech signal processing
e networking
* audio and acoustics signal processing
e multimedia
* radars
« digital radio
* instrumentation and industrial
» evaluation and education
* many more ...

1.2 Technical Specification
The following are the technical specifications TWRNADO-E31 DSP controllers.

Parameter description parameter value

power supply voltage +5V for TORNADO-E31 board,

optional -5V and +12V for SIOX/PIOX-16
daughter-card modules

power consumption +5V@1.3A (t=+20°C)

DSP performance 60 MFLOPS @ 60 MHz clock
dimensions 145x90 mm

operating temperature +5..+60°C

1/0 expansion interfaces one SIOX site

one PIOX-16 site

on-board SRAM and EPROM:

SRAM capacity 8K..128Kx32 Ows, 15ns access time
(installed as four DIP-28/DIP-32 300MIL
SRAM chips)
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EPROM capacity 8K..1Mx8 (Ta<240ns)
(installed as DIP-28/DIP-32 600MIL EPROM
chip)

watchdog timer (WDT) and reset controller:

WDT latency period 1.6 sec typical
duration of the WDT reset signal (generated by the DSP >100 ns
software)
duration of external reset input signal >500 ns
duration of the output DSP reset signal >0.2 sec
on-board parallel digital I/O 10 bits
on-board USART (universal synchronous/asynchronous
receiver/fransmitter):
number of channels 2
supported protocols for each channel synchronous: HDLC/X.25, SDLC,
MONOSYNC, BISYNC
asynchronous: ASYNC
external electrical interfaces for each channel RS232C or RS422/EIA-530 pinout

maximum data transfer speed for synchronous protocols (HDLC, 10 Mbit/s
SDLC, MONOSYNC, BISYNC) and external RS422/EIA-530
interface

maximum data transfer speed for asynchronous protocol 115 kBaud
(ASYNC) and external RS232C interface

maximum data transfer speed for asynchronous protocol 2.5 Mbaud
(ASYNC) and external RS422/EIA-530 interface
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Chapter 2. System Architecture and
Construction

This chapter contains description fBORNADO-E31 system architecture, construction, and SIOX/PIOX-16
I/O expansion sites.

2.1 TORNADO-E31 System Architecture

System architecture f0FORNADO-E31 DSP controller is presented at fig.2-1.
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Fig.2-1. System architecture of TORNADO-E31 DSP controller.

The main components GIORNADO-E31 DSP controller are:
*  60MFLOPS 32-bit flating-point TMS320C31 DSP
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* upto 128Kx32 Ows static RAM (SRAM) for program and data

e up to 1Mx8 EPROM memory for software boot code

» dual-channel multiprotocol 10Mbit/s USART (universal synchronous/asynchronous
receiver/transiitter), which supports HDLC/X.25, SDL&ONOSYNC, BISYNC, ASYNC
protocols

» electrical interface multiplexer (UIF-MUX) for each of USART channel, which connects either to
115 kBaud RS232C or 10 Mbit/s RS422/EIA-530 interfaces

« 8-bit parallel digital /O controller (as the part of USART) with individual maskind®P interrupt
generation and optional 2-bit XFO/XEISP digtal I/O

» serial I/O expansion (SIOX) interface site 8©X daughter-card module

« parallel /0 expansion (PIOX-16) interface site for PIOX-16 daughter-card module

« watch-dog timer (WDT)

+ DSP reset controller (RC) and external RESET connector

*  MPSD-IN connector for connection to external MPSD/JTAG latou

e external power connector

Construction forTORNADO-E31 DSP controller is presented at fig.2-2.
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Fig.2-2. Construction of TORNADO-E31 DSP controller.

TMS320C31 DSP
The on-board TMS320C31 DSP is 32-bitaflimg-point 60MFIOPS@60MHz TMS320C31 DSP.
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Static RAM (SRAM)

TORNADO-E31 provides up to 128Kx32 Ows user installed on-board static RAM (SRAM) for TMS320C31
DSP program andada memory areas. SRAM bank is designed to accommodate four byte-wide SRAM chips
in the industry-standard DIP-28/DIP-32 300MIL packages.

EPROM Memory

TORNADO-E31 provides up to 1Mx8 of user-installed on-board EPROM memory for softwate EPROM
memory bank is designed to accommodate EPROM memory chips in DIP-28/DIP-32 600MIL package.

Dual-channel USART

TORNADO-E31 features the on-board dual-channel USART (universal synchronous/asynchronous
receiver/transitter) for communication with host computers, terminals, network adapters, or external
peripherals.

USART is based around the SIEMENS SAB 82532 chip and supports popular synchronous protocol
(HDLC/X.25, SDLC, MONOSYNC, BISYNC) at up to 10 Mis data transfer rate and industry-standard
asynchronous protocol at up to 2.5 Mbaud independent for each channel.

Each channel of USART connects to external equipment via jumper selectable either RS232C or RS422/El,
530 electrical interface.

Parallel digital I/0O

TORNADO-E31 provides general purpose 8-bit parallel digital 1/0, which might be used as external control
I/O signals. These digital I/O signals are the part of internal USART facility, and allow generation of DSP
interrupt on individually programmable high-to-low or low-to-high transitions when programmed as input
pins. Also, XFO/XF1 DSP 1/0O pins are alsadable for user I/O via the edge-board connector.

Serial I/O Expansion Interf ace (SIOX) site

TORNADO-E31 on-board SIOX interface site is used for installation of AD/DA/DIO daughter-card module
and comprises of signals for TMS320C31 DSP on-chijalggort, timers and interrupt control.

SIOX compatible daughter-card modules include a variety of AD/DA/DIO modules for telecom,
speech/fax/modem, audio, and many more agitios.

Parallel I/0O Expansion Interf ace (PIOX-16) site

TORNADO-E31 feature PIOX-16 interface site for installation of high-speed AD/DA/DIO daughter-card
module. PIOX-16 interface is allocated into TMS320C31 external bus.

PIOX-16 interface comprises of the signals for DSP 16-bit address and l#&#ibuses, data strobes and
TMS320C31 DSP on-chitfimers and interrupts control.

PIOX-16 compatible daughter-card modules include a variety of high-speed multichannel AD/DA/DIO
modules for high-speed telecom, instrumentation, digital radio and many more applications.
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Watch-dog ti mer (WDT)

TORNADO-E31 provides optional on-board watch-dog timer (WDT) in order to increase the reliability of
stand-alone operation. While tf¥SP is opeating properly, it should perform reset of WDT every 1.6 sec,
otherwise the WDT will generate tlSP reset signal andliwestart TORNADO-E31.

DSP Reset Controller (RC)

The DSP reset signal fofORNADO-E31 is generated by the DSP reset controller (RC) on the input
conditions from the power supervisory circuit (PSC), watchdog timer (WDT) and external reset signal. The
minimum duration of generatddiSP reset signal is about 0.2 sec, whereas the minimuatiatuiof external

reset signal is 500ns. The WDT might be disconnected from the RC input using the on-board jumper in order
to exclude the continuous reset generation while the software is being debugged.

Debugging TMS 320C31 DSP Software

Resident TMS320C31 DSP software BORNADO-E31 can be debugged using TI XDS510 and MicroLAB’
MIRAGE-510D scan-path emulators using the industry standard Tl C3x HLL Debugger or GoDSP
TMS320C3x/C4x Code Composer IDE.

2.2 TMS320C31 DSP Environment

The TORNADO-E31 DSP controller tilizes TMS320C31 high-performance 32-bit floating pdd8P from
TI.

TMS320C31 DSP Bootmode Conf igurations

The TMS320C31 DSBootmode configuration is defined by the on-board jumper set J1-A..J1-E (refer to fig.2-
2 or fig.A-1). Supportetbootmode configurations are presented in table 2-1.
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Table 2-1. TMS320C31 DSP Bootmode Configurations.

Bootmode Description jumper jumper jumper jumper jumper
ID J1-A Ji-B Ji-C J1-D JI1-E
IMODE#0 Corresponds to the DSP Microprocessor ON OFF OFF OFF OFF

start-up mode without boot process.

After reset will be released, the DSP will
fetch the reset vector from the on-board
SRAM, which must contain valid DSP
execution code.

IMODE#10 Corresponds to the DSP Microcontroller OFF ON OFF OFF ON
start-up mode with boot from the on-board
EPROM.

The lowest 4Kx32 words of SRAM within
the 000000H..000FFFH address range will
be not available, since they are remapped

to the DSP on-chip ROM, however full

SRAM area is available at the 100000H

base address. DSP must execute the
IACK instruction after bootload process will
complete in order to enable external DSP
interrupts.

IMODE#11 Corresponds to the DSP Microcontroller OFF ON OFF ON ON
start-up mode with boot from the DSP on-
chip serial port.

The lowest 4Kx32 words of SRAM within
the 000000H..000FFFH address range will
be not available, since they are remapped

to the DSP on-chip ROM, however full

SRAM area is available at the 100000H

base address. DSP must execute the
IACK instruction after bootload process will
complete in order to enable external DSP
interrupts.
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IMODE#20 Corresponds to the DSP Microcontroller OFF OFF ON OFF ON
start-up mode with boot from the on-board
EPROM with further transition to the
Microprocessor mode.

The lowest 4Kx32 words of SRAM within
the 000000H..000FFFH address range will
be not available, since they are remapped

to the DSP on-chip ROM, however full

SRAM area is available at the 100000H

base address. DSP must execute the
IACK instruction after bootload process will
complete in order to enable external DSP
interrupts.

After execution the IACK instruction the
DSP on-chip ROM will be disabled, and
the DSP Microprocessor mode will be set.
Full SRAM will be available starting from
the 000000H base address.

IMODE#21 Corresponds to the DSP Microcontroller OFF OFF ON ON ON

start-up mode with boot from the DSP on-

chip serial port with further transition to the
Microprocessor mode.

The lowest 4Kx32 words of SRAM within
the 000000H..000FFFH address range will
be not available, since they are remapped

to the DSP on-chip ROM, however full

SRAM area is available at the 100000H

base address. DSP must execute the
IACK instruction after bootload process will
complete in order to enable external DSP
interrupts.

After execution the IACK instruction the
DSP on-chip ROM will be disabled, and
the DSP Microprocessor mode will be set.
Full SRAM will be available starting from
the 000000H base address.

Note: 1. 'ON’ corresponds to the installed jumper; ‘OFF’ corresponds to the removed jumper.
2. Other bootmode configurations are reserved.
3. Highlighted configuration corresponds to the factory setting.

The IMODE#0 DSP bootmode configuration of ORNADO-E31 corresponds to the DSP microprocessor
start-up mode with the DSP vector mapped to the on-board SRAM. This mode is useful for the DSP software
development and debugging.
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CAUTION

When designing the DSP software IORNADO-E31 it is recommended to allocate all
external DSP areas (sections) starting from the 001000H DSP address in order to prfjvide
compatibility with theDSP opeation in the/lMODE#20/#21 DSPbootmodes.

The IMODE#10/#11 DSP bootmode configurations ofTORNADO-E31 correspond to the DSP
microcontroller start-up mode withoot from either the on-board EPROM DBEP on-chip séal port. The
DSP reset vector is mapped to the DSP on-chip ROM. The EPROM contents and thei@Srsenput
streams shall meet the format@BP on-chip ROMoootloader requirements. After DSP executes TA§EK
instruction, the DSP external interruptsllvibe enabled. This mode is useful for embedded operation of
TORNADO-E31 with the DSP interrupt vectoedlocated to th®SP on-chip SRAM.

The IMODE#20/#21 DSP bootmode configurations ofTORNADO-E31 correspond to the DSP
microcontroller start-up mode withoot from either the on-board EPROM BESP on-chip séal port with
further transition to th®SP microprocessor mode. The DSP reset vectortialip mapped to théDSP on-
chip ROM. The EPROM contents and the DSRas@ort input streams shall meet the formaD&P on-chip
ROM bootloader requirements. After DSP executes 6K instruction, the DSP external interruptal e
enabled and the DSP microprocessor modk be restored and full SRAM area will be available at the
000000H base address. This mode can be used for embedded operB@&NADO-E31 and when full DSP
on-chip memory must be used for program/data in order to get maxid@¥nperformance, and in order to
obtain full compatibility with thdMODE#0 software debug mode..

CAUTION
For IMODE#20/#21 DSPbootmodes, the first executéfiCK DSP instruction must be
allocated beyond of the first 4K words of SRAM (000000H. FFFeH).

For IMODE#20/#21 DSPbootmodes, the DSP Microprocessor modkbe restored after
four DSP cycles after DSPillWwexecute thd ACK instruction.

TMS320C31 DSP Address Space

TORNADO-E31 on-board TMS320C31 DSP address area comprises of the SRAM, EPROM and I/O areas il
accordance with table 2-2.
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Table 2-2. Address areas for TMS320C31 DSP in TORNADO-E31 DSP controllers.

Address area DSP address range word access wait applicable
length mode states DSP
bootmodes
SRAM 000000H..01FFFFH 32 riw Oows IMODE#0
mirror at:
100000H..11FFFFH
EPROM 400000H..5FFFFFH 8 r ows?
(Ta<100ns)
SRAM 001000H..01FFFFH 32 riw Ows IMODE#10
IMODE#11
mirror at:
100000H..11FFFFH
EPROM 400000H..5FFFFFH 8 r ows?
(Ta<100ns)
SRAM before executing the 32 riw Ows IMODE#20
IACK instruction: IMODE#21
001000H..01FFFFH
after executing the
IACK instruction:
000000H..01FFFFH
mirror at:
100000H..11FFFFH
EPROM 400000H..5FFFFFH 8 r ows?
(Ta<240ns)
DSP on-chip 800000H..809FFFH 32 riw Ows all
peripherals and
memory
USART channel A: 8 riw 3ws all
AO0000OH..A0003FH
channel B:
AO00040H..A0007FH
PIOX-16 FFOO0OH..FFFFFFH 16 riw 0..3ws all
+PIOX_RDY
Notes: 1. Register access modes: r - read only, w - write only, r/w - read/write.

User'’s Guide.
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2.  DSP access to the on-board EPROM is performed without on-board generated
hardware wait states. In order to meet the access times of most EPROM chips
(Ta<240ns), the DSP boot procedure for IMODE#10/#11/#20/#21 must be performed
with seven DSP software wait states and logical AND between the DSP software wait
states and external ready signal by means of programming the DSP Primary Bus
Control Register (@808064H) to the 000006F8H value for the DSP boot procedure.
The DSP Primary Bus Control Register (@808064H) for the DSP boot procedure can
be set via the configuration file for the HEX30.EXE software utility, which is the part of
the Tl TMS320 Floating-Point DSP Assembler Tools and TI TMS320 Floating-Point
DSP Optimizing C Compiler.

3. ‘ Ta denotes the access time.

CAUTION

In order to provide correct operation of the on-board hardwar®3$kerimary Bus Control

Register(@808064H) must be set to the 00000400H value during user software execy}ion.

CAUTION

In order to provide correct operation of the on-board hardwar®3$kérimary Bus Control
Registe{@808064H) must be set to the 000006F8H value duringtid8ttnode procedure
for IMODE#10/#11/#20/#21 DSPboot modes.

SRAM Area

TORNADO-E31 on-board SRAM operates at the DSP clock without any hardwaitestates. On-board
SRAM can be used for storing both program and data.

TORNADO-E31 on-board SRAM bank comprises of four byte-wide SRAM chips and is designhed to
accommodate different types of SRAM chips from multiple SRAM manufacturers in the industry standarc
DIP-28/DIP-32 300MIL packages and operating at the 5v power supply. The particular SRAM chip type
installed must match the setting of the on-board jumper J4 is accordance with table 2-3.
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Table 2-3. Setting the SRAM chip type.

SRAM chips capacity SRAM jumper

and access time IC package Ja

8Kx8 @15ns DIP-28 2-3
300MIL

32Kx8 @15ns DIP-28 1-2
300MIL

64Kx8, 128Kx8 @15ns DIP-32 1-2
300MIL

Note: 1. Highlighted configuration corresponds to default

factory setting.

EPROM Area

On-board EPROM of ORNADO-E31 should be used to store the DSP apgpion softwareboot code, which
will be reloaded to the on-board SRAM duriBgpP boot procedure. EPROM bank assumedaitetion of
128K..1Mx8 EPROM chip with eess time below 240ns and in the DIP-28/DIP-32 600MIL package into the

dedicated on-board DIP-32 socket (refer to fig.2-2).

The EPROM chip must be programmed in the external programmer only, and can be used for read-only

software boot purposes INORNADO-E31.

The on-board J5 jumper set (jumpers J5-A..J5-E) must be used to select the particular EPROM chip type in

accordance with table 2-4.
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Table 2-4. EPROM chip type selector.

EPROM configuration jumpers J5 EPROM
type IC package
J5-A J5-B J5-C J5-D J5-E

2764 2-3 2-3 2-3 2-3 2-3 DIP-28
600MIL

27128 2-3 2-3 2-3 2-3 2-3 DIP-28
600MIL

27256 1-2 2-3 2-3 2-3 2-3 DIP-28
600MIL

27512 1-2 2-3 2-3 1-2 2-3 DIP-28
600MIL

27010 1-2 2-3 2-3 1-2 2-3 DIP-32
600MIL

27020 1-2 1-2 2-3 1-2 2-3 DIP-32
600MIL

27040 1-2 1-2 1-2 1-2 2-3 DIP-32
600MIL

27080 1-2 1-2 1-2 1-2 1-2 DIP-32
600MIL

Note: 1. Highlighted configuration corresponds to default
factory setting.
CAUTION

TMS320C31 DSRillocates 8-bit EPROM data words
on the 32-bit data word boundaries.

Dual-channel USART

TORNADO-E31 features the on-board dual-channel USART (universal synchronous/asynchronous
receiver/transitter) for communication with host computers, terminals, network adapters, or external
peripherals using industry standard serial communication protocols.

USART is based around the SIEMENS SAB 82532 chip and supports popular synchronous protocol
(HDLC/X.25, SDLC, MONOSYNC, BISYNC) at up to 10 Mis data transfer rate and the industry-standard
asynchronous protocol (ASYNC) at up to 2.5 Mbaud independently for each channel.
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Each channel of USART connects to external communication equipment via either RS232C or RS422/EIA-530
electrical interface. Selection of particular interface is performed by the on-board jumper set J2.

For detail information about USART and how to configure external RS232C/RS422 interfaces for USART
please refer to thelSART section later in this chapter.

PIOX-16 Parallel I/O Expansion Interf ace Site

TORNADO-E31 controller provides on-board 16-bit parallel /0O expansion interface (PIOX-16) site for
compatible high-speed AD/DA/DIO daughter card modules. PIOX-16 area is mapped directly to the address
space of TMS320C31 DSP.

P10X-16 occupies 64Kx16 address area within the address space of TMS320C31 DSP. PIOX-16 site comprises
of the TMS320C31 DSP 16-biath and 16-bit address buses, data strdb8B-on-chiptimers TM-0/TM-1
input/output, INTO..INT2 external interrupt requests amfbv/+12v power supply lines. For details about
PIOX-16 site refer to the corresponding section later in this chapter.

External Hardware Interrupts for TMS320C31 DSP

TORNADO-E31 on-board TMS320C31 DSP supports four external hardware interrupt retfié8tsINT3
with the INTO request having the highest priority. These requests correspond to the following events:
e INTO...INTZ interrupt requests can be generated by SIOX/PIOX/PIOX-16 daughter-card modules
* INT3is wired to the interrupt request from the on-board USART.

TORNADO-E31 hardware provides direct wiring of extern&ITO...INT3 interrupt request signals to the
corresponding/NTO..INT3 interrupt request pins of TMS320C31 DSP chip via the on-board interrupt
controller. Both static and pulse interrupt requests are supported with active falling edge and active pulse
duration 66ns and longer.

CAUTION

TORNADO-E31 hardware is designed for external DSP interrdgi0...INT3
with inverse polarity inputs.

TMS320C31 DSP Reset Contr oller (RC)

TORNADO-E31 feature TMS320C31 DSP reset controller (RC), which generates TMS320C31 DSP reset
pulse in case any of the following conditions:
e during the power-on and in case of power failure (the power is controlled by the PSC power
supervisory circuit)
« external reset signal is applied from connector JP4
 WDT feature is enabled by jumper J6 and the WDT latency period (1.6 sec typical) is expired.

If any of the above coritibns comes true, then the general&®P reset signal has @tion min 0.2 sec and is
indefinitely prolonged while this condition(s) is still true.



Chapter 2. System Architecture and Construction 17

XFO/XF1 DSP I/O pins

TORNADO-E31 provides optional two-bit external 1/0 via on-board JP3 connector and DSP XFO0/1 I/O pins,
which are controlled by the TMS320C31 DSP on-chip IOF register.

The XF1 I/O pin of TMS320C31 DSP is directly wired to the on-board JP3 connector, and can be used fc
external 1/0 purposes only.

However, the XFO I/O pin of TMS320C31 DSP can be used for external 1/O purpose via the on-board JP
connector, or for the on-board watch-dog timer (WDT) reset. The particular function DE8]eXFO pin is
defined by the on-board J6 jumper in accordance with table 2-5.

Table 2-5. Setting the function of the DSP XFO pin.

DSP XFO pin function jumper
J3
DSP XFO0 pin is used as the I/O pin via the on-board JP3 jumper. 1-2

WDT feature is disabled.

DSP XFO pin is used as the output pin for the WDT reset. External I/O 2-3
feature via JP3 connector is disabled.
Note: 1. Highlighted configuration corresponds to default
factory setting.

Watchdog Ti mer (WDT)

TORNADO-E31 provides the on-board watchdog timer (WDT), which can generatB3fereset (restart)
pulse in case the WDT feature is enabled, and in case WDT is not reset by the on-board DSP software dur
the WDT latency period. The WDT feature might be used to increasing the software and system operatic
reliability.

Duration of the WDT latency period is typical 0.8 sec. Once WDT feature is enabled and activated, then WD
must be periodically reset (with the period less than the WDT latency period) bgEhsoftware by means of
retrogressing the DSP XFO output pin.



18 TORNADO-E31. User's Guide.

CAUTION

The WDT feature is enabled by setting the J6 jumper to the 1-2 position in accordancgjwith
table 2-5.

Once enabled, the WDT feature might be activated by programmimSAeXF0 pin as the
output pin via the DSP on-chip IOF register. The particular output value of the XFO pify is
insignificant, and the WDT will be reset by changing the output state of the XFO pin

SIOX Serial I/O Expansion Interf ace Site

TORNADO-E31 provides on-board site for serial /O expansion interface (SIOX) for compatible AD/DA/DIO
daughter-card modules.

SIOX site comprises of the TMS320C31 DSP-on-chiméeort control linesDSP-on-chigimers TM-0/TM-
1 input/output/NTO..2 external interrupt requests anBv/£12v ISA-bus power supply lines. For details about
SIOX site refer to the corresponding section later in this chapter.

External Power Connector

External power connector (JP8) f6ORNADO-E31 (see fig.2-2 and fig.A-1) comprises of thBv and+12v
power lines. Note, that only +5v power input is actually required for operation of on-bGRA/ADO-E31
hardware. Other power lines (-5v aaAtl2v) are wired to PIOX-16 and SIOX daughter-card sites.

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

TORNADO-E31 architecture provides expansion of the on-board I/O resources using 16-bit parallel 1/0O
expansion interface (PIOX-16) site.

PIOX-16 daughter-card sites are designed for compatible PIOX-16 daughter modules. PIOX-16 daughter-card
modules are installecbave theTORNADO-E31 mainboard (see fig.1-1 and fig.2-6) and are compatible with
all TORNADO DSP systems and controllers.

Description

TORNADO-E31 PIOX-16 interfaces appear as 64Kx16 1/O address area of the TMS320C31 DSP address
space. PIOX-16 includes DSRtd/address buses, data strobes, TMS32@SH on-chiptimers 1/O pins and
external interrupt inputs, DSP reset signal, and power supply lines. PIOX-16 supports di:-Hitadsfer

cycles only.

Installation of PIOX-16 daughter- card m odules onto TO RNADO-E31
Figure 2-3 shows installation of PIOX-16 daughter-card module BE¥@NADO-E31 DSP controller.
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‘/fPIOX-lﬁ Connector]

(TORNADO—ES’l DSP Controller j

Fig.2-3. Installation of PIOX-16 daughter-card module onto TORNADO-E31.

PIOX-16 connector pinout

TORNADO-E31 on-board PIOX-16 connector is a high-density DDK 50-pin DHB-series dual-moalde
connector with 0.05” pin pitch. Compatible PIOX-16 plugs for customer designed daughter-card modules ar
available on request from MicroLAB Systems upon request.

PIOX-16 connector pinout specification is presented at fig 2-4 whereas signal specifications are listed in tab
2-6.
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+5v
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Al2
Al10
A8
A6
A4
A2
A0
D14
D12
D10
D8
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PIOX_READY
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+5v
Al5
Al13
All
A9
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A5
A3
Al
D15
D13
D11
D9
D7
D5
D3
D1
GND
™-0
™-1
Q-0
RQ-1
IRQ-2

+12v

Fig.2-4. PIOX-16 connector pinout (top view).

Table 2-6. PIOX-16 signal description.

Signal name signal description
type
A0..A15 O Address bus.
DO0..D15 /10 Data bus.
STB 0 Active low data transfer strobe (STB =0).
ﬁ ¢} Active low write enable signal (ﬁm).

PIOX _READY | Active low data ready (PIOX _ READY =0) signal. Generated by PIOX-16 daughter-
card module in order to match the PIOX-16 cycle timing with timing requirements of
memory and /O devices used in PIOX-16 module.

T™-0 /10 Input/output signal from TMS320C31 DSP on-chip Timer-0.
T™-1 /10 Input/output signal from TMS320C31 DSP on-chip Timer-1.
RESET 0 Reset signal (RESET =0) for the on-board TMS320C31 DSP chip.
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IRQ-0 . IRQ-1 I Active low external interrupt request lines for the on-board TMS320C31 DSP chip.
_— ' These line are pulled up with the on-board resistors. DSP interrupt request is generated
IRQ- 2 on the falling edge of input signals. The minimum duration of interrupt request signals

must is 66ns.
GND Ground.
+5v +5v power.
+12v +12v power.
-5v -5v power.
-12v -12v power.
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

PIOX-16 interface site supports 16-bit data transfer cycles only, and, therefore PIOX-16 connector does n
contain the cycle definition signals.

Data transfer timing for PIOX-16

The PIOX-16 data transfer timing is presented at fig.2-5. This data transfer timing is known as MOTO mod
and assumes usage of data strobe signal and write enable signal.

«—10ns min——|
‘ <10ns min™
30nsmin
5ns
10ns 4 N
STB L —10ns—*
L 5ns —|
WE
Address [ L
Data —:- k|
PIOX_RDY
MEMORY READ MEMORY WRITE

Fig.2-5. Timing diagram for PIOX-16 data transfer strobe.

PIOX-16 wait states control

TORNADO-E31 on-board PIOX-16 interface supports generation of up to three hardware programmable wai
states using on-board J3 jumper set in accordance with table 2-7. This feature is important in case PIOX-.



22 TORNADO-E31. User's Guide.

daughter-card module contains dual-port RAM and other memory devices with delayed ready signal
generation.

CAUTION

Final data transfer acknowledgement over PIOX-16 interface is performed by meang| of
asynchronou®/0OX_READY signal.

Table 2-7. Setting data strobe width for PIOX-16.

Data strobe jumper jumper Description
width J3-A J3-B
PIOX_READY OFF OFF Data strobe width is defined by PIOX_READY signal
only.
Iws & PIOX_READY ON OFF Data strobe width is at least 1ws (132ns) and afterthat

is defined by PIOX_READY signal only.

2ws & PIOX_READY OFF ON Data strobe width is at least 2ws (198ns) and afterthat
is defined by PIOX_READY signal only.

3ws & PIOX_READY ON ON Data strobe width is at least 1ws (264ns) and afterthat
is defined by PIOX_READY signal only.

Notes: 1. Jumper positions: OFF - jumper is not installed; ON - jumper installed.
2. Highlighted configuration corresponds to the factory default setting.

Physical dimensions for PIOX-16 daughter- card m odules

Physical dimensions for PIOX-16 daughter-card modules are presented at fig.2-6. This information is intended
for thoseTORNADO customers, who need to design customized PIOX-16 daughter-card modules.
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PIOX-16
Connector 0.875"

,,,,,,,,,,,,,,

0.350"

2.750
3.750

2.900° ... 3.

0.125"
2holes (7 0.122" —>

Far
o

v

2.325"

2.450"

< »

P1OX-16 connector: DDK DHB-Px50

Fig.2-6. Physical dimensions for PIOX-16 daughter-card modules.

2.4 Serial I/0O Expansion Interface Site (SIOX)

TORNADO-E31 architecture provides expansion of the on-board TMS320C31 1/O resources via on-boarc
serial 1/0O expansion interface site (SIOX) (refer to fig.1-1 and fig.2-2), which are designed to carry compatibls
daughter-card modules.

On-board SIOX site offORNADO-E31 are compatible with that for alTORNADO DSP systems and
controllers.

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

Description

SIOX site comprises of signals for TMS320C31 DSP on-chijalggort, timers and interrupts control, as well
as DSP reset signal and power supply lines.

The SIO-0 port of SIOX site offORNADO-E31 is connected directly to the corresponding pins of
TMS320C31 DSP on-chip sal port.

Maximum throughoutput of SIO-0 serial port of SIOX site GTARNADO-E31 DSP controllers is 12.6Mifs
for external serial clock and 15Mbit/s BISP generated sat clock.
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External analog and digital 1/O signals for installed SIOX daughter-card modules should be attached by means
of the SIOX on-module I/0O connector via rear panel of host PC.

Installation of SIOX daughter- card m odules onto TO RNADO-E31
Figure 2-7 shows installation of SIOX daughter-card modules BRRNADO-E31 DSP controller.

e g
Miainboard o

1 E e :
- Ii--r]illi-li-ii-l'i!-

I| oA
EEEEAR I

=
o

=

Fig.2-7. TORNADO-E31 with SIOX daughter-card module installed.

SIOX site connector

SIOX site connector is and industry standard dual-row 20-pin female header with 0.1"x0.1” pin pattern. SIOX
connector pinout is presented at fig.2-8 and signal specifications are listed in table 2-8.
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IRQ-1
RESET
™-1
DRO
CLKRO
FSRO
GND
+5v
+12v

IRQ-0
IRQ-2
™-0
DX( e
CLKX0
FSX0
GND
-5v
-12v

15
13

G (] (5,0 SN0 [E=3 [
[

00606000000
DO000000000

Fig.2-8. SIOX connector pinout (top view).
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Table 2-8. SIOX signal specification.

SIOX signal name signal description
type

SIO-0 port control

DX0 0/z Data, frame synchronization and serial clock signals for transmitter of SIO-0 port of SIOX
FSX0 /0 site. For SIOX site of TORNADO-E31 DSP controllers these signals correspond to the
CLKX0 /10 TMS320C31 DSP on-chip serial port transmitter and are wired directly to its pins.

DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port of SIOX
FSRO /10 site. For SIOX site of TORNADO-E31 DSP controllers these signals correspond to the
CLKRO /10 TMS320C31 DSP on-chip serial port receiver and are wired directly to its pins.

Timers, Reset and Interrupt Requests

T™-0 /10 Input/output signal from TMS320C31 DSP on-chip Timer-0.

T™-1 /10 Input/output signal from TMS320C31 DSP on-chip Timer-1.
RESET o) Reset signal (RESET =0) for TMS320C31 DSP.
_ _ Active low external interrupt request lines for the on-board TMS320C31 DSP chip.

IRQ-0,IRQ-1, I : ; - ) .
—_— These line are pulled up with the on-board resistors. DSP interrupt request is generated
IRQ- 2 on the falling edge of input signals. The minimum duration of interrupt request signals
must is 66ns.
Power Supplies

GND Ground.

+5v +5v power.

+12v +12v power.

-5v -5v power.

-12v -12v power.

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.

Physical dimensions for SIOX daughter-  card m odules

Physical dimensions for SIOX daughter-card module are presented at fig.2-9. This information is intended fc
thoseTORNADO customers, who need to design customized SIOX daughter-card modules.
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SIOX < »
Connector _0.675" max 0.200*
r B Xi 7777777777 an y
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N | 4 :
|
| |
0.350" | | |
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Connector

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

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

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

Fig.2-9. Physical dimensions for SIOX daughter-card modules.

2.5 Dual-channel USART

TORNADO-E31 features the on-board dual-channel USART (universal synchronous/asynchronous
receiver/transitter) for communication with host computers, terminals, network adapters, or external
peripherals using industry standard serial communication protocols.

USART is based around the SIEMENS SAB 82532 chip and supports popular synchronous protocols
(HDLC/X.25, SDLC, MONOSYNC, BISYNC) at up to 10 Mis data transfer rate and the industry-standard
asynchronous protocol at up to 2.5 Mbaud. Protocol selection is performed independent for each channel.

Each channel of USART connects to external communication equipment via either RS232C or RS422/EIA-530
electrical interface. Selection of particular interface is performed by the on-board jumpers. The RS232C
interface provides communication at up to 115kBaud and the RS422/EIA-530 interface provides up to 10
Mbit/s of data transfer rate.

USART also provides 8-bit of general purpose parallel digital IXD{0..7), which is wired to the on-board
JP7 connector. For details about parallel digital 1/O refer to the corresponding section later in this chapter.

USART register set

The USART register set comprises of 128 8-bit registers totally for on-chip channels “A” and “B”. SAB 82532
chip is extremely flexible software programmable device with build-in FIFO for each of communication
channel, PLL and system configuration registers. For details about how to program SIEMENS SAB 82532
USART refer to original manufacturer documentation, which is supplied in electronic or paper form together
with TORNADO-E31 board.
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USART is allocated in the 32-bit I/O memory area of the on-board TMS32DS®1(see table 2-2). USART
has 8-bit data bus, which is wired to the lowest significant byte of 329# dita bus. Therefore, the 8-bit
USART registers are allocated at the 32-bit word boundarieSBfdta bus.

USART-to-DSP interrupt

USART can generate the interrupt request to TMS320C31 DSP via théNTOSRexternal interrupt request
line. The USART interrupt is internal logical OR from many interrupt sources inside USART including the
interrupt requests from parallel digital I/O port.

CAUTION

The interrupt request of the SAB 82532 USART chip must be configured by the DS§p
software as “pushed-pulled” “active-low” output (refer to SIEMENS SAB 82532 USAR]|
documentation for how to configure the interrupt request output).

USART-hardware reset

USART hardware reset is performed simultaneously with the hardware ré®@R0NADO-E31 board, and is
actually the hardware reset signal for on-board TMS32005R.

Configuring external RS 232C/RS422 interfaces for USART

Each channel of USART connects to external communication equipment via either RS232C or RS422/EIA-53
electrical interface. Selection of particular interface is performed by the on-board jumpers set J2 (see fig.A-:
in accordance with table 2-9 for channel “A” and in accordance with table 2-10 for channel “B” of USART.
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Table 2-9. Configuration of external interfaces for channel “A” of USART.

Interface interface connector jumper jumper jumper
on TORNADO-E31 J2-A J2-C J2-D
board
RS422/EIA-530 JP10 2-3 1-2 2-3
(transmitter data transfer clock is (DB-25 male)
generated by the USART on-chip
clock generator and does not
appear at the CLKX+/CLKX- pins
of RS422/EIA-530 connector)
RS422/EIA-530 JP10 2-3 1-2 1-2
(external data transfer clocking is (DB-25 male)
used from pins CLKX+/CLKX-
RS422/EIA-530 connector)
RS422/EIA-530 JP10 2-3 2-3 2-3
(transmitter data transfer clock is (DB-25 male)
generated by the USART on-chip
clock generator and appears at the
CLKX+/CLKX- pins of
RS422/EIA-530 connector)
RS232C JP8 1-2 1-2 2-3
(DB-9 male)

Notes: 1. The highlighted configuration corresponds to the factory settings.
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Table 2-10. Configuration of external interfaces for channel “B” of USART.

Interface interface connector jumper jumper jumper
on TORNADO-E31 J2-B J2-E J2-F
board
RS422/EIA-530 JP11 2-3 1-2 2-3
(transmitter data transfer clock is (DB-25 male)

generated by the USART on-chip
clock generator and does not

appear at the CLKX+/CLKX- pins
of RS422/EIA-530 connector)

RS422/EIA-530 JP11 2-3 1-2 1-2

(external data transfer clocking is (DB-25 male)

used from pins CLKX+/CLKX-
RS422/EIA-530 connector)

RS422/EIA-530 JP11 2-3 2-3 2-3
(transmitter data transfer clock is (DB-25 male)
generated by the USART on-chip
clock generator and appears at the

CLKX+/CLKX- pins of
RS422/EIA-530 connector)

RS232C JP9 1-2 1-2 2-3
(DB-9 male)
Notes: 1. The highlighted configuration corresponds to the factory settings.

RS232C interface ¢ onnectors

RS232C interface assumes the single-ended bipolar I/O signals, provides communication at up to 115 kBa
and is generally designed for usage in tandem M8NNC asynchronous protocol of USART. The RS232C
interface is an industry standard interface for communication with personal computers, computer peripheral
industrial control devices, etc.

The TORNADO-E31 on-board RS232C interface connectors pinout is presented at figure 2-10.

CD il W2
RX meieefll W= RTS
TX m—ieefll  W=— CTS
T a m
GND Ll i

Fig. 2-10. RS232C interface connectors pinout for TORNADO-E31.
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CAUTION

TORNADO-E31 on-board RS232C connectors are the industry 10-pin 0.1"x0.1” ma:ﬁi
headers, which are widely used for connection RS232C ports to IBM PC motherboaffls

You have to use standard 10-pin female to male DB-9 or DB-26 converter flat cables fgr PC
to convert theTORNADO-E31 on-board RS232C connectors to the industry standard DgB-9
or DB-26 male connectors for RS232C interface.

RS422/EIA-530 interface ¢ onnectors

RS422/EIA-530 interface assumes differential unipolar I/O signals with 110 Ohm line terminators, provides
communication at up to 10 Mbit/s and is generally designed for usage in tandem with all synchronous
protocols. RS422/EIA-530 interface may be also used with ASYNC asynchronous protocol of USART
delivering up to the 2.5 Mbaud of data transfer rate, however this solution is not standard. The RS422/EIA-530
interface is an industry standard electrical interface for communication with network equipment, high-speed
computer peripherals, etc.

The TORNADO-E31 on-board RS422/EIA-530 interface connectors pinout is presented at figure 2-11.
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Fig. 2-11. RS422/EIA-530 interface connectors pinout for TORNADO-E31.

2.6 Parallel Digital I/O

TORNADO-E31 also provides 8-bit of general purpose parallel digital /0 signal®-0..7), which are
wired to the on-board JP7 connector (see fig.2-2 and fig.A-1) and 2-bit general purposEQ/®H1), which
are wired to the on-board JP3 connector.

Digital 1/O lines are useful for interfacing to external sensors, switches, etc and for generation of local control
signals in a variety of applications.
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DIO-0..DIO-7 parallel I/0O

DIO-0..7 parallel digital 1/0O lines are programmable 1/O pins of the on-board SAB 82532 USART (for more
information about USART refer to the corresponding section earlier in this chapter).

Each of theDIO-0..7 parallel digital 1/0O lines allows individual programming of direction and masking of
USART interrupt, which might be generated on the user programmable input signal edge.

For more details about how to program the parallel digital 1/O signals of USART refer to the original
manufacturing documentation for SIEMENS SAB 82532 USART.

The JP7 parallel digital 1/O connector pinout is presented at fig.2-12.

DIO-0 =

DIO-]
DI/0-2 s
DIO-3
DI04
DI0-5
DIO-6 e
DIO-7 e

GND
GND
GND
GND
GND
GND
GND
GND

o ©
N 2NN
=N N M 5

Fig.2-12. Parallel digital /0O connector pinout (DIO-0..7 signals) for TORNADO-E31.

XFO/XF1 parallel /10

XFO/XF1 parallel digital 1/0 lines are programmable I/O pins of the on-board TMS320G®., which are
available via the JP3 on-board connector (fig.2-13).

For more details about how to us&0/XF1 DSP 1/O line refer to the ‘TMS320C31 DSP Environment’
section earlier in this chapter and to table 2-5.

XF(Q v—

Fig.2-13. XFO/XF1 1/O signal connector of TORNADO-E31.

2.7 Emulation Tools for TORNADO-E31

TORNADO-E31 uses scan-path emulation technique for the on-board TMS32DGB1in order to debug
resident TMS320C31 DSP environment and software. @tbip scan-path emulation tools include the TI
XDS510 or MicroLAB' MIRAGE-510D universal JTAG/MPSD enfators withMPSD (C3x) external pod.
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2.8 Software Development Tools

TMS320C31 DSP is now an industry standard DSP and is supported by a variety of software development tools
from multiple 3° party vendors.

Compilers and Debuggers

Software development foFORNADO-E31 is supported by TI TMS320C31 DSP tpizing C Compiler and
Assembly Language Tools.

Compatible emulators include KDS510 and MicroLAB' MIRAGE-510D emulators running under T1 C3x
HLL Debugger or TMS320C3x/C4x Code Composer IDE from GoDSP Q@asvfo-dsp.com

Hypersignal RIDE Visual DSP Algorithm  Development and Simulation Tool

TORNADO-E31 DSP controllers are supported by DSP algorithm development tools from Hyperception Inc
(www.hyperception.comwhich include Hypersignal Block Diagram, RIDE and Code Generator. Hypersignal
RIDE is the visual real-time integrat&5P algorithm development and silation environment for Windows
95/NT, and allows design entry using high-level function blocks (FIR, FFT, math, etc). The designed DSP
algorithm is compiled and might be loaded INfT@WRNADO-E31 in order to evaluate the algorithm
parameters for real-time execution and to benefit from the ultra-high performaid@RNADO-E31 DSP
controllers.

Real-time Multitask ing Op erating Systems (RTOS)

TORNADO-E31 is supported by multiple RTOS that provide multitasking capabilities:

« VIRTUOSO from Eonic Systems Inaww.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 environmeMQRNADO-E31 host ISA-bus
interface, and is available with a wide selection of function librarieB$#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.

e SPOX from Spectron Microsystems Ineafw.sctron.comis an industry standard RTOS for DSP
that provides multitasking support. It is available with a selection of function librariBsSfémath,
matrix, etc. computations.

Application Softw are Tools for TO RNADO-E31

Application specific tools foTORNADO-E31 DSP controller include a variety of function libraries for DSP,
math, vector, image, etc computation, as well as function libraries for vocoder/fax/modem applications and
audio multimedia.
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Chapter 3. Installation and Configuration

This chapter includes instructions for installatioifT@RNADO-E31 DSP controller.

3.1 Applying the power

The power toTORNADO-E31 controller should apply via on-board JP8 connector (see fig.A-1). For proper
operation the board requires +5v power only, whereas optional -5¥12wvdbower inputs are routed to the on-
board SIOX and PIOX-16 daughter-card sites.

3.2 Installation of EPROM chip

Installation of EPROM chip (refer to fig.2-2 and fig.A-1) into the S1 sockefF@RNADO-E31 board should
be performed while the board power is off (fig.3-1).

CAUTION

TORNADO-E31 mainboards are designed to carry the EPROM 8K..1Mx8 5v chips if
either DIP-28 or DIP-32 600 MIL IC packages.

CAUTION

You have to set the on-board J5 jumper in accordance with table 2-4 in order to meefjthe
installed EPROM chip type.

Installation of EPROM chip

In order to install EPROM chip into the dedicated socket T®ARNADO-E31 mainboard follow the
recommendations below (see fig. 3-1):
» switch off the power
« take EPROM chip by your fingers in such way that its front (labeling) surface is turned at you
* adjust EPROM chip to be parallel to surface of the corresponding S1 sock&MADO-E31
board
« orient EPROM chip in such way, that pin #1 of its DIP-32 (DIP-28) package will match the
corresponding position of pin #1 (pin#3) of on-board S1 socket
« safely insert EPROM chimto the on-board S1 socket
* set J5 jumper in accordance with table 2-4 to meet the installed EPROM chip type
* switch on the power
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;
#
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%

EPROM S1 EPROM S1
Y pin a1 Yo
EPROM in DIP-32 package EPROM in DIP-28 package

Fig.3-1. Installation of EPROM chip onto TORNADO-E31 board.

3.3 Installation of SRAM chips

Installation of SRAM chips (refer to fig.2-2 and fig.A-1) into the U4..U7 sockets of SRAM bank on
TORNADO-E31 board should be performed while the board power is off (fig.3-2).

CAUTION
TORNADO-E31 mainboards are designed to carry four identical 8K..128Kx8 15ns 5y
SRAM chips 5v chips in either DIP-28 or DIP-32 300 MIL IC packages.

You have to install all four SRAM chips simultaneously into the corresponding socketf{ on
TORNADO-E31 board in order to provide correct operation of the on-board hardwarg.
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CAUTION

You have to set the on-board J4 jumper in accordance with table 2-3 in order to meefjthe
installed SRAM chip type.

Installation of SRAM chips

In order to install SRAM chips into the dedicated socket TRDRNADO-E31 mainboard follow the
recommendations below (see fig. 3-2) :
» switch off the power
» take SRAM chip by your fingers in such way that its front (labeling) surface is turned at you
* adjust SRAM chip to be parallel to surface of the corresponding U4..U7 sock&@RNADO-E31
board
« orient SRAM chip in such way, that pin #1 of its DIP-32 (DIP-28) package will match the
corresponding position of pin #1 (pin#3) of on-board U4..U7 socket
« safely insert SRAM chifnto the on-board U4..U7 socket
« set J4 jumper in accordance with table 2-3 to meet the installed SRAM chip type
* switch on the power

> SRAM-3 u7 Pin #l\> SRAM-3 u7
PiN#1 » et eseereerereece .
SRAM-2 ue Pin #l\> SRAM-2 ue
Pin#1 ” st eveereeeersece cefsesesssssseses
SRAM-1 us Pin #l\> SRAM-1 us
Pin#1 % st eveereeeersees cesesesecesesess
F SRAM-0 U4 Pin #l\> SRAM-0 U4
Pin#l‘y.o.............. E...............
SRAM in DIP-32 package SRAM in DIP-28 package

Fig.3-2. Installation of SRAM chips onto TORNADO-E31 board.

3.3 Configuring TORNADO-E31 board

Generally, the following first-time configuration efforts should be done prior usage and applying power to
TORNADO-E31 DSP controller (refer to fig.A-1 for on-board jumpers and connectors list):
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set up the TMS320C31 D3®otmode configuration (jumper J1) in accordance with table 2-1
install SRAM chips and set jumper J4 in accordance with the SRAM chip type

install EPROM chip (if required) and set jumper J5 in accordance with the EPROM chip type
configure jumper J6 in accordance with the function of XFO I/O pin (refer to table 2-5)

select appropriate RS232 or RS422/EIA-530 interface for each channel of USART and set
configuration jumper J2 in accordance with tables 2-9 and 2-10

connect power supply wires to power connector JP7

connect RS232C or RS422/EIA-530 cables to connectors JP8..JP11 and digital I/O cable to connector
JP10

install SIOX and/or PIOX-16 daughter-card module(s)

connect MPSD of external emator to theMPSD-IN connector (JP1)

switch on the power supply
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Appendix A. On-board Jumpers and
Connectors.

This Appendix includes a summarized description for TRRNADO-E31 on-board configuration jumpers,
connectors and sockets.

Board layout forTORNADO-E31 configuration jumpers and connectors is presented at fig.A-1.
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Fig.A-1. On-board layout for TORNADO-E31.

On-board Configuration Jumpers

All on-board configuration jumpers fafORNADO-E31 DSP controller are sumarized in table A-1.

Table A-1. On-board configuration jumpers for TORNADO-E31.

jumper jumper function description reference information
ID
J1 TMS320C31 DSP Bootmode configuration. Section 2.2;
(J1-A..J1-E) table 2-1.
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J2 External RS232C and RS422/EI-530 interface selector for Section 2.5;
(J2-A..J2-F) USART channels “A” and “B”. tables 2-9 and 2-10;.
figures 2-10 and 2-11
J3 PIOX-16 wait state selector. Section 2.3;
(J3-A..J3-B) table 2-7
J4 SRAM chip type selector. Sections 2.2 and 3.3;
table 2-3
J5 EPROM chip type selector. Sections 2.2 and 3.2
(J2-A..J2-B) table 2-4
figure 3-1
J6 DSP XFO0 function configurator. Section 2.2.
table 2-5

On-board Connectors

All on-board connectors fof ORNADO-E31 DSP controller are samarized in table A-2.

Table A-2. On-board connectors for TORNADO-E31.

Connector ID connector function description reference information
JP1 MPSD-IN connector for external emulator Section 2.7
JP2 SIOX expansion interface site header. Section 2.4
figure 2-8
JP3 DSP XFO/XF1 I/0 connector Sections 2.2 and 2.6
figure 2-13
JP4 External DSP Reset connector. Section 2.2.
JP5 External power connector. Section 3-1.
JP6 PIOX-16 expansion interface site header. Section 2.3
figure 2-4
JP7 8-bit parallel digital I/O connector. Section 2.6
figure 2-12
JP8 RS232C interface connectors for channels “A” and “B” of Section 2.5
JP9 USART. figure 2-11
JP10 RS422/EIA-530 interface connectors for channels “A” and “B” | Section 2.5
JP11 of USART. figure 2-10.
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JP12
JP13

Transmitter/receiver clock outputs for USART channels “A”
and “B".

Section 2.5

On-board Sockets

All on-board sockets fof ORNADO-E31 DSP controller are samarized in table A-3.

Table A-3. On-board sockets for TORNADO-E31.

socket ID socket function description reference information
S1 EPROM chip socket Sections 2.2 and 3-2
u4.U7 SRAM chips sockets Sections 2.2 and 3-3
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