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CAUTION

dupma Mukpol/IA6 Cucmemc Jimd (MJIC) octaBnseT 3a cob6oi NMpaBoO BHOCUTH NOObIe M3MEHEHUSI N NpeKpaLlaTh BbIMyCK U1
noadepXky nobbix U3genuii U NporpaMMHOro oGecrneyeHusl, YNoMUMHaeMblX B HacTosieM [OKymeHTe, 6e3 Kakoro-nmbo
npeaBapuTENbHOTO YBEAOMITEHUS, €ClNM MHOe cheumanbHo He oroBapuBaeTcs. MJ/IC pekomeHOyeT CBOMM MoKynaTensim
nosb30BaTbCH NOASNMHHBIMUA U CaMbIMU NOCHEAHUMU BEPCUAMU (PUPMEHHBIX MHEDOPMALIMOHHBIX JOKYMEHTOB U OCYLLECTBNSATH
npeaBapuTenbHOE KOHCYNbTUpOoBaHMe ¢ MpMOii nepen pasMelleHMeM 3akasa, YToObl GbiTb YBEpeHHbIM, YTO HacTosLas
MHopMaLms 4OCTOBEPHA 1 NPUMEHUMA Ha TEKYLLMIA MOMEHT.

MIJIC rapaHTUpyeT KayecTBO M COOTBETCTBME TEXHUYECKUX NapaMeTpoB NOCTaBMSEMON NPOAYKLMN NPUBEAEHHON TEXHUYECKON
cneumncurkaumn. Besikoe TecTupoBaHWe 1 NpoBepka NpoayKUMKU NPoM3BOASATCA UPMON B CTENEHN U 06beMax, HE0BX0OAMMbIX
ANsi NOAAEPXKKN HacTosiLel rapaHTun. Kakoe-nnbo AononHUTensHoe TeCTUPOBaHMe 1 NpoBepka NpoayKumMn Ha COOTBETCTBUE
ApYyrim TpeBGoBaHWsIM NPOBOASTCS NULLL U TOMBbKO B CRyYasiX, BbINOMHAEMbIX MO CrieuManbHbiM 3akasam, unu Toraa, korga ato
cneumarnbHO OroBapuBaeTcsl.

MJIC He HeceT HVKaKoOW OTBETCTBEHHOCTM 3a MPaBUIIbHOCTb (PYHKLMOHMPOBaHUS U paboTocnocobHOCTb 06opyAoBaHUsS U
nporpaMMHoro obecneveHusi, pas3paboTaHHOrO W W3rOTOBMEHHONO C MPUMEHEHUEM MPOAYKUUM (UM OTAENbHbIX ee
KOMMOHEHTOB) OMPMbIl, €CNN 3TO HEe MNOATBEPXKAEHO cneunanbHbIM UpMeHHbIM cepTudmkaTtom MJIC.

Mpoaykuus MJIC He npegHasHaveHa Ans MPUMEHEHMs B annapaTtype, CucTemMax Wnu u3genuax Ans Mnoaaepku
XusHuaestensHocTu. MNpumeHenne npoaykumm MJIC B Takom o6opyoBaHUM KaTeropuyeckn 3anpelleHo 6e3 crneumansHoro
nMcbMeHHOro noatesepxedeHus ot MJIC nnu opurnHansHoro mpmeHHoro ceptudmkata MJIC.

IMPORTANT NOTICE

Hactosilas npoaykumsi npedHasHadeHa [Ansi WUCNOMb3oBaHUsi B cocTaBe abopaToOpHOro TECTOBOTO U Hay4HO-
uccneposatensckoro obopyanoBaHusi. MJ/IC He HeceT OTBETCTBEHHOCTU 3a PabOTOCMOCOGHOCTL HACTOSsILLEN NPOAYKUMU B
coctaBe ppyroro Tuna obopyaoBaHVUA W/WNM B OTMUYHBIX OT CNeuMUUMPOBAaHHBIX YCMOBUSX aKkcnnyaTauuu. [lpu
NOBPEXAEHUSIX HACTOSILLEN NPOAYKLMM, BbI3BaHHbLIX €€ NPUMEHEHNEM B COCTaBe ApYroro Tuna obopyaoBaHus U/unm ycrnosui
aKcnnyaTaumm, rapaHTuinHble oba3aTenbCcTBa aHHynvpyTcs 6e3 kakoro-nmbo BosmelleHns yliepba n peMOHT NPON3BOANTCA
3a CYeT nokynaTensi.

HacTrosiwas npoaykuus reHepupyeT, UCMonb3yeT U MOXET M3nyyaTb PafuMovacTOTHYIO 3HEPruio, KoTopasi MOXeT co3faBaTb
paaMoyacToTHbIE MOMeXW Ansi ApYyroi annapaTtypbl, HECMOTPS Ha BCE KOHCTPYKTUMBHbLIE U APYrMe Mepbl, MPEANPUHSTLIE ANA
MWHUMU3aLMK co3aaBaemMblx nomex. OgHako, B Criyyae BO3HUKHOBEHWS Momex Afs paboTbl Apyroi annapatypbl nokynartenb
[OIMKEH CaM 1 3a CBOW CYET NPUHATL MEPbI A4S UX YCTPAHEHUS UMM YMEHDBLLEHUSI.

ITEMS OF LICENSE AGREEMENT

Hukakme 4acTu HacTosiiero [OKyMeHTa, annapaTHble W NporpamMHble 4acTW HacTosieWd MpoayKuMu He MoryT ObiTb
peaccembnupoBaHbl, peTpaccMpoBaHbl M/ 3MEHEHbI C LieNblo BOCCTAHOBMEHNS UMMM U3MEHEHNSI 3MNEKTPUYECKON CXEMBbI,
KOHCTPYKLMKM, anroputma paboTbl Unu npuHUmMna gyHKUMOHMPOBaHNUSA NobbiMW MeTodamu, BOCNPOM3BEAEHbI, CKOMMPOBaHBI,
3anoMHeHbl B apxvBax C BO3MOXHOCTbIO BOCMPOM3BEAEHWs, a Takke nepedaHbl NO CpeAacTBam CBA3WM B MoboMm Buae u
nobbiMu MeTogamu, Byab TO SMEKTPOHHbIE, MEXaHWYeckue, KonupoBarnbHble, oTorpaduyeckme, aanucbiBatoLLme Unu apyrve,
6e3 npeaBapuUTENBLHO BbIAAHHOIO (PUPMEHHOTO NMUCbMEHHOTO pa3spelleHust ot M/IC. HapylueHre HacTosLWEro NONOXEHUsI BHE
3aBVICUMMOCTU OT MPUOBPETEeHNs HacTosLe NPOAYKUMM W/UnM OOKYMEHTa TPaKTyeTCs Kak HapylleHue aBTOpCKWX Mnpas u
npecneayeTcsi no 3aKoHy.

MpuobpeTeHne HacTOsILLEN NPOAYKLUMM aBTOMaTUYeCKu O3HayaeT cornacue Mokynatens C MOMOXEHUAMU JIMLEH3NOHHOO
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E548/E549/E5402/E5409/E5410/E5416) rev.2A stand-alone digital signal processing (DSP) controllers with
high performance 16-bit fixed-point TMS320C54x DSP (TM S320LC548, TMS320V C549, TMS320V C5402,
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Warranty

The warranty period for all hardware and software products manufactured by MicroLAB Systems Ltd is one
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 to
the customer during warranty period.

Product registration procedure

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

The registration procedure is as easy as the following:

*  Openthe PRODUCT REGISTRATION FORM, which is contained in the REGISTER.TXT text file
available either on the MicroLAB Systems ‘ Technical & Programming Guide’ CD-ROM or from the
MicroLAB Systems FTP-site. If you are unable to locate the REGISTER.TXT file, then call/email to
MicroLAB Systems.

e Fill inthe applicable fields of the PRODUCT REGISTRATION FORM. It isimportant that you will to
specify your name, post address, phone/fax, email address, purchased product name and serial number,
and the product reception date.

*  Return the PRODUCT REGISTRATION FORM to MicroLAB Systems either via email, fax or regular
mail.

Note, that all product purchased from MicroLAB Systems shall be registered within 90 days after the date of the
shipment.



If you need assistance, documentation or information...

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

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

information request:  info@mlabsys.com

technical support: support@mlabsys.com

product registration:  reqgister@mlabsys.com

VWWWV: http://www.mlabsys.com
FTP: ftp://ftn.mlabsys.com
Trademarks

TORNADO-3x, TORNADO-4x, TORNADO-54x, TORNADO-P6x, TORNADO-P3x, TORNADO-PX,
TORNADO-SX, TORNADO-E, MIRAGE-510DX, UECMX, PIOX-Link are trademarks of MicroLAB
Systems Ltd

TMS320, XDS510, Code Composer are trademarks of Texas Instruments Inc

Other trademarks and company names used are trademarks of their respective holders.


mailto:info@mlabsys.com
mailto:support@mlabsys.com
mailto:register@mlabsys.com
http://www.mlabsys.com/
ftp://ftp.mlabsys.com/

Contents

Chapter 1. Introduction 1
1.1 General Information
1.2  Technical Specification 4
Chapter 2. System Architecture and Construction 7
21 TORNADO-E54x System Architecture 7
2.2 TMS320C54x DSP Environment 11
2.3 Parallel /0 Expansion Interface Site (PIOX-16) 53
2.4  Serial I/O Expansion Interface Sites (SIOX) 58
2.5 Dual-channel USART 73
2.6 Parallel Digital I/0 78
2.7 USB Device Interface 79
2.8 Emulation Tools for TORNADO-E54x 81
2.9 Software Development Tools 81
Chapter 3. Installation and Configuration 83
3.1 Applying the power 83
3.2 Installation of FLASH/EPROM chip 83
3.3 Configuring TORNADO-E54x board 84
Appendix A. On-board Connectors, Sockets and Switches. 87
Appendix B. T/SU-X1 SIOX rev.B Mini-Extender Kit 91
B.1 General Description 91
B.2 Technical Specifications 93
B.3 Technical Description 94
B.4 Physical Dimensions for SIOX DCM 99

Appendix C. Glossary of Terms. 101



Fig.1-1.
Fig.1-2.

Fig.2-1.
Fig.2-2.
Fig.2-3a.

Fig.2-3b.

Fig.2-4.
Fig. 2-5.
Fig. 2-6.
Fig.2-7.
Fig.2-8.
Fig.2-9a.

Fig.2-9b.

Fig.2-10.
Fig.2-11.

Figures

TORNADO-E54x DSP controller.

TORNADO-E54x DSP controller with installed SIOX rev.B and PIOX-16
DCM and T/SU-X1 external SIOX rev.B mini-extender kit with one SIOX
rev.B DCM installed.

Block diagram of TORNADO-E54x DSP controller.
Construction of TORNADO-E54x DSP controller.

Extended external data memory addressing for TORNADO-
E548/E549/E5409/E5410/E5416 DSP controllers.

Extended external data memory addressing for TORNADO-E5402 DSP
controller.

Pinout for on-board HPI port connector.

Pinout of external reset input connector for TORNADO-E54x.
Pinout of power input connector for TORNADO-E54x.
Installation of PIOX-16 DCM onto TORNADO-E54x.

PIOX-16 DCM site connector pinout (top view).

Timing diagram for PIOX-16 parallel data transfer for TORNADO-
E549/E5402/E5410.

Timing diagram for PIOX-16 parallel data transfer for TORNADO-
E548/E5409/E5416.

Physical dimensions for PIOX-16 DCM.
SIOX DCM sites connection diagram for TORNADO-E54x.

Fig.2-12a. TORNADO-E54x mainboard with installed SIOX rev.B DCM.
Fig.2-12b. TORNADO-E54x mainboard with installed SIOX rev.C DCM.
Fig.2-12c. TORNADO-E54x mainboard with external T/SU-X1 mini-extender with

Fig.2-13.
Fig.2-14.
Fig.2-15.

installed SIOX rev.C DCM.

SIOX rev.B DCM site connector pinout (top view).

SIOX rev.C DCM site connector pinout (top view).

Pinout for TORNADO-E54x on-board MXSIOX connector (top view).

Fig.2-16a. Timing diagram for parallel data transfer via SIOX rev.C DCM site for

TORNADO-E549/E5402/E5410.

Fig.2-16b. Timing diagram for parallel data transfer via SIOX rev.C DCM site for

TORNADO-E548/E5409/E5416.

25

26
47
52
52
53
54

56

57
58
59
60
61

61
62
64
66

71

72



Fig.2-17a. Physical dimensions for SIOX rev.B DCM.

Fig.2-17b. Physical dimensions for SIOX rev.C DCM.

Fig. 2-18. RS232C interface connectors pinout for TORNADO-E54x.

Fig. 2-19. RS422/EIA-530 interface connectors pinout for TORNADO-E54x.

Fig. 2-20. USART transmitter/receiver clock output connectors.

Fig.2-21. Parallel digital I/0O connector pinout (D/O-0..7 signals) for TORNADO-E54x.

Fig. 2-22. Pinout of USB device connector for TORNADO-E54x.

Fig.3-1. Installation of FLASH/EPROM chip into TORNADO-E54x on-board S1
socket.

Fig.A-1. TORNADO-E54x board layout of configuration switches, connectors,
sockets, and LED.

Fig.B-1. Dual T/SU-X1 SIOX rev.B mini-extender with mounting bracket and
connection cables.

Fig.B-2. Dual T/SU-X1 SIOX rev.B mini-extender with two installed SIOX rev.B DCM.

Fig.B-3. Connection of dual T/SU-X1 SIOX rev.B mini-extender to host TORNADO-
PX5421Q PIOX-16 DSP coprocessor DCM.

Fig.B-4. Physical dimensions of T/SU-X1 SIOX rev.B mini-extender.
Fig.B-5. Block diagram of T/SU-X7 SIOX rev.B mini-extender.

Fig.B-6. Pinout for T/SU-X1 SIOX rev.B mini-extender on-board MXSIOX connector
(top view).

Fig.B-7. SIOX rev.B connector pinout (top view).
Fig.B-8. Physical dimensions for SIOX DCM.

73
73
76
77
78
78
80

84

87

91
92

92
93
94

95
97
99



vi

Tables

Table 2-1. TMS320C54x DSP Bootmode Configurations for TORNADO-E54x.

Table 2-2. Programming TMS320C54x DSP on-chip wait state control and PLL
control registers.

Table 2-3. TMS320C54x DSP memory and I/0 map.
Table 2-4. FLASH/EPROM chip type selector.

Table 2-5. WDT_EN_RG IOX control register.

Table 2-6. XIO_CNF_RG IOX control register.

Table 2-7. XIO_DIR_RG 10X control register.

Table 2-8. XIO_DATA RG 10X control register.
Table 2-9. PXSX _RESET _RG 10X control register.

Table 2-10. MIRQO_SEL_RG, MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG
and MNM|_SEL RG IOX control registers.

Table 2-11. XDMP_RG 10X register.

Table 2-12. DEV _ID _RG 10X control register.

Table 2-13. SYS_STAT_RG IOX control register.

Table 2-14. TMS320C54x DSP HPI port connector signals.

Table 2-15. HPI port disable control for TORNADO-E5402/E5409/E5416 DSP
controllers.

Table 2-16. PIOX-16 DCM site signal description.

Table 2-17. SIOX rev.B DCM site signal specification.

Table 2-18. SIOX rev.C DCM site connector signal specification.

Table 2-19. Signal description for TORNADO-E54x on-board MXSIOX connector.

Table 2-20a. Common serial clock enable switches settings for SIO-0 port of MXSIOX
connector at TORNADO-E548/E549/E5409/E5410/E5416 DSP
controllers.

Table 2-20b. Common serial clock enable switches settings for SIO-1 port of MXSIOX
connector at TORNADO-E548/E549/E5409/E5410/E5416 DSP
controllers.

Table 2-21. Configuration of external interfaces for channel “A” of USART.
Table 2-22. Configuration of external interfaces for channel “B” of USART.
Table A-1. On-board configuration switches for TORNADO-E54x.

Table A-2. On-board connectors for TORNADO-E54x.

13

18
19
29
34
36
37
38
40

43
44
45
46
48

49
55
62
64
66

69

69
75
76
87
88



Table A-3.
Table A-4.
Table B-1.

On-board sockets for TORNADO-E54x.
On-board LED for TORNADO-E54x.

Signal description for T/SU-X1 SIOX rev.B mini-extender on-board
MXSIOX connector.

Vii

89
89

96






Chapter 1. Introduction

Chapter 1. Introduction

This chapter contains general description for TORNADO-E54x stand-alone DSP controllers product line, which
comprises of TORNADO-E548/E549/E5402/E5409/E5410/E5416 DSP controllers.

CAUTION

TORNADO-E54x stand-alone DSP controllers are designed to accommodate 16-bit fixed-
point TM S320C54x DSP (TM S320L C548, TM S320V C549, TM S320V C5402,
TMS320V C5409, TM S320V C5410, TM S320V C5416) from Texas Instruments Inc (T1). The
particular DSP installed specifies the final name of TORNADO-E54x DSP controller, i.e.
TORNADO-E548/E549/E5402/E5409/E5410/E5416.

Hereafter in this document the ‘ TORNADO-E54x"' denotes that the supplied information is
applicableto all TORNADO-E54x DSP controllers, which are comprised of TORNADO-
E548/E549/E5402/E5409/E5410/E5416 DSP controllers.

Should information be a product specific, then the name of the corresponding product
(TORNADO-E548/E549/E5402/E5409/E5410/E5416) will be highlighted.

1.1 General Information

TORNADO-E54x (fig.1-1) are high performance 16-bit fixed-point DSP controllers for stand-alone DSP
applications. TORNADO-E54x DSP controllers meet industry standard 3U form-factor and feature flexible
modular system construction with daughter-card modules (DCM) in order to meet requirements for multiple

applications while keeping a cost to a minimum.

CAUTION

System architecture and construction of TORNADO-E54x DSP controllers are compatible
with that for TORNADO-E DSP controllers product line, and the only difference impliesto
the DSP type and on-board memory capacity.
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Fig.1-1. TORNADO-E54x DSP controller.

Overview

TORNADO-E54x DSP controllers are based around Tl 16-hit fixed-point TM S320C54x DSP (TM S320L C548,
TMS320VC549, TMS320VC5402, TMS320VC5409, TMS320VC5410, or TMS320VC5416) with maximum
DSP performance up to 160 MIPS.

On-board memory comprises of 128Kx16 program SRAM, 128Kx16 data SRAM, and of optional 1Mx8
FLASH/EPROM for boot code and non-volatile data.

TORNADO-E54x DSP controllers offer extensive set of on-board interfaces for communication with external

host computers and peripherals:
*  dual-channel 10Mbit/s USART (universal synchronous/asynchronous receiver/transmitter) with and
external RS232C/RS$422 interfaces allows direct connections to host computers, networks, and
peripherals using industry standard HDLC/SDL C/BISY NC/MONOSY NC synchronous and ASYNC

asynchronous protocols.
e 12 Mhit/sUSB rev.1.1 dave interface allows easy connection to host computers and can be used for

fast bulk data transfers
*  TMS320C54x DSP on-chip 8-bit HPI port allows access to DSP on-chip memory and DSP boot from

any host controller/computer using simple parallel 8-bit interface.
TMS320C54x DSP can start either in microprocessor mode without boot, or in microcontroller mode with boot
from either on-board FLASH/EPROM or DSP HPI port.

A set of on-board peripherals aso include general purpose 8-bit parallel digital 1/O for local system control,
watchdog timer, and a set of configuration and control registers.

external real-time 1/0

TORNADO-E54x DSP controller has been designed with modular construction in mind and provides several
on-board /O expansion facilities for installation of DCM. This allows quick system configuration using * of-the-
shelf’ DCM in order to meet customer application requirements.
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At first, on-board SIOX (seria 1/0O expansion) rev.B and SIOX rev.C sites allows installation of one SIOX
rev.B/C DCM. A variety of ‘of-the-shelf’ TORNADO SIOX rev.B/C DCM comprises of AD/DA/DIO and
application specific DCM for real-time telecom, speech/fax/modem, audio, instrumentation, industrial, digital
radio, etc signal processing applications.

AT second, on-board MXSIOX connector allows connection to external T/SU-X1 SIOX rev.B mini-extender
kit, which can be used for installation of one SIOX rev.B DCM. This facility is available for TORNADO-
E548/E549/E5409/E5410/E5416 DSP controllers only with three DSP on-chip BSP/TDM or McBSP serid
ports.

Finally, one site for TORNADO pardllel 1/O expansion (PIOX-16) DCM can be used for installation of one
PIOX-16 DCM. A variety of ‘of-the-shelf” TORNADO PIOX-16 DCM comprises of AD/DA/DIO, application-
specific and DSP coprocessor DCM for real time multi-channel high-speed telecom, instrumentation, industrial,
digital radio, etc signal processing applications.

Figure 1-2 illustrates installation of different DCM at TORNADO-E54x DSP controller board and connection
of external T/SU-X1 SIOX rev.B mini-extender kit with one SIOX rev.B DCM.

FiOE-1k 2103 s B Extaimal Eosctal retalil
DM [Eat] 0 siginale U0 flpaai

[e=hlitese g EhRESInr
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TEUTRA DO Sl TS LLX X
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Fig.1-2.  TORNADO-E54x DSP controller with installed SIOX rev.B and PIOX-16 DCM and T/SU-X1
external SIOX rev.B mini-extender kit with one SIOX rev.B DCM installed.

Applications

TORNADO-E54x stand-alone DSP controllers have been designed for general purpose embedded and stand-
alone DSP applications with communication with external host computers/peripherals and real-time signal 1/O.
The following are only few of many applications for TORNADO-E54x DSP controllers:

+ fax/modem communication

» vocoders and speech signal processing

e computer telephony and | P telephony

* networking
e audio and acoustics signal processing
* multimedia

e radars
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» digital radio

e instrumentation and industrial
» evaluation and education

e many more...

1.2 Technical Specification
The following are the technical specifications for TORNADO-E54x DSP controllers.

Parameter description parameter value

power supply voltages

power consumption
board dimensions
operating temperature

maximum DSP performance

on-board DSP input clock (CLKIN) frequency

TMS320C54x DSP bootmodes

I/O expansion interfaces

I/O signal level for /O expansion interfaces
(SIOX rev.B, SIOX rev.C, MXSIOX, PIOX-16)

+5V for TORNADO-E54x board,

optional -5V and 12V for SIOX/PIOX-16 DCM
+5V@1.0A (t=+20°C)

3U (100x160 mm)

+0°C..+55°C

80 MIPS (TORNADO-E548/E5409)
100 MIPS (TORNADO-E549/5402/5410)
160 MIPS (TORNADO-E5416)

80 MHz (TORNADO-E548/E5409)
100 MHz (TORNADO-E549/5410)
50 MHz (TORNADO-E5402)
32 MHz (TORNADO-E5416)

microprocessor mode with no boot
microcontroller mode:
boot from 8-bit FLASH/EPROM
boot from HPI

- one site for SIOX rev.B DCM,

- one site for SIOX rev.C DCM,

- TORNADO-E548/E549/E5409/E5410/E5416:
one on-board MXSIOX connector for
connection to external SIOX rev.B mini-
extender kit (T/SU-X1), which can carry one
SIOX rev.B DCM

- one site for PIOX-16 DCM.

3v/5v TTL
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on-board memory:

external program SRAM area

external data SRAM area

FLASH/EPROM memory capacity

watchdog timer (WDT) and reset controller:

WDT latency period
duration of external reset input signal
duration of the output DSP reset signal

on-board parallel digital I/O

on-board USART (universal synchronous/asynchronous
receiver/transmitter):

number of channels

supported protocols for each channel

external electrical interfaces for each channel

maximum data transfer speed for synchronous protocols
(HDLC/X.25, SDLC, MONOSYNC, BISYNC) and external
RS422 interface

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

maximum data transfer speed for asynchronous protocol
(ASYNC) and external RS422 interface

maximum frequency of on-board USART master clock
oscillator (socket S2)

I/O signal levels for external T/R clock outputs

on-board HPI interface

on-board USB interface

128Kx16 (2 pages of 64Kx16 each), 1ws

TORNADO-E548/E549/E5409/E5410/E5416:
128Kx16 (4 pages of 32Kx16 each), 1ws

TORNADO-E5402:
128Kx16 (2 pages of 64Kx16 each), 1ws

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

1.6 sec typical
>500 ns
0.2 sec typ

8 bits
(I/O signal levels: 5v TTL)

synchronous: HDLC/X.25, SDLC,
MONOSYNC, BISYNC

asynchronous: ASYNC
RS232C or RS422 (EIA-530 pinout)

10 Mbit/s

115 kBaud

2.5 MBaud

10 MHz

5v TTL

TMS320C54x 8-bit HPI port
(I/O signal levels: 3v/5v TTL)

12 Mbit/s USB device interface, meets USB
specs rev.1.1, USB type B connector pinout
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external RESET input:

active low signal duration
input signal level

1/0 signal level for JTAG interface

>2uS

3v/5v TTL

3v/5v TTL
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Chapter 2. System Architecture and
Construction

This chapter contains description for TORNADO-E54x system architecture, construction, host interfaces, and
I/0 expansion facilities.

2.1 TORNADO-E54x System Architecture

System architecture and construction for TORNADO-E54x DSP controllers are presented at figures 2-1 and 2-2
correspondingly.

PIOX-16 Site JTAG-IN SIOX rev.C Site SIOX rev.B Site
JP4 SIS JP3 JP6 x| N} JP5
g8 I 2 3o 2o
JP1 g| =g Q Q N gmlg‘ ‘_C'; 8 8 S gmlgl
External Power X R R N I B ks & ® 55 RISk
Connector 7'y y Y A 3
GND | I MXSIOX
_ 2y Connector
| A2v . JP16
- ;55" TMXIO-0/1
- v SX_RESET
N 4, SX_RQ
SW5-2
External -
Program SRAM 23 BSP/McBSP-0 [t cLkxi® © GLKRT
128Kx16 5 % BSP1/McBSP-1 [t » Si0-1
TDM/McBSP-2 1< » S10-0
g CLKXOSEW/S:-:LCLKRO
External
Sw2
Data SRAM AD ‘
128Kx16 C54x DSP Poctmade
DSP JP7
SW3
FLASHIEPROM | | b1 p i iEpROM NI . SN
. 9 ¢ > ¢ >
Chip Type 128K .. 1Mx8 IRQ-0/1/2/3 TOUT
Srlector T i
JP15 . System
usBtype'n' |€—p USB Device Controller ¢ P2
Connector Controller (SC) < © | External
,_—E RESET
P14 USART <—IUSART—’RQ wDT
Parallel Digital /0 14 SAB 82532
Connector Ch. A Ch, B
SW4-1/2/3 SW4-4/5/6
ch. A USART ch. B

USART ch.
RS422/RS232C IIF
Configurator

RS422/RS232C IIF
Configurator

Ch.A: RCLK

Ch.A: TCLK

[o]JP12
USART ch. A
[ T° | RIT CLKs output

[Rs422 AV [RS232C )Y [Rs422 AV [RS232C )Y S
= JP13
\ JP8 \ \ JP10 \ \ JP9 \ \ JP11 ‘ Ch.B: TCLK Hﬂ RIT CLI outpur

Ch. A: Ch. A:
RS422 IIF RS232C IIF

Fig.2-1.

Ch. A: Ch. A:
RS422 IIF RS232C IIF

Block diagram of TORNADO-E54x DSP controller.
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Fig.2-2. Construction of TORNADO-E54x DSP controller.

TORNADO-E54x DSP controller comprises of the following components:

e 16-bit fixed-point TMS320C54x DSP (TM S320LC548, TM S320V C549, TM S320V C5402,

TMS320V C5409, TM S320V C5410, TM S320V C5416) running at up to 160MHz depending upon the

DSPinstaled
e 128Kx16 of on-board program static RAM (SRAM) and 128K x16 of on-board data SRAM
*  upto 1Mx8 of on-board FLASH/EPROM
e dual-channel multi-protocol 10Mbit/s USART (universal synchronous/asynchronous

receiver/transmitter), which supports HDLC/X.25, SDLC, MONOSY NC, BISYNC, ASYNC protocols

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

e 8-hit paralel digital I/O controller (as the part of USART) with individual polarity and mask for
generation of DSP interrupt generation

* 12 Mbit/s USB device controller and JP15 USB type B connector

e JP7 connector for external connection to TM S320C54x DSP HPI port

*  TORNADO serid 1/0 expansion (SIOX) rev.B and rev.C interface sites (JP5 and JP6) for installation

of the corresponding DCM
¢ MXSIOX connector (JP16) for connection to one external T/SU-X1 SIOX rev.B mini-extender kit,
which can carry one SIOX rev.B DCM

*»  TORNADO pardléel 1/O expansion (PIOX-16) interface site (JP4) for installation of the corresponding

DCM
e watch-dog timer (WDT)
»  system controller (SC)
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e DSPreset controller (RC) and external RESET connector (JP2)
»  JTAG-IN connector (JP3) for connection to external JTAG emulator
e externa power connector (JP1)

TMS320C54x DSP

TORNADO-54x DSP controllers have been designed to accommodate different compatible high-performance
16-bit fixed point TM S320C54x DSP with the only differences applied to DSP performance, amount of DSP on-
chip memory and a set of DSP on-chip peripherals:

* 80MIPS TMS320LC548 DSPin TORNADO-E548

* 100MIPS TMS320VC549 DSPin TORNADO-E549

* 100MIPS TMS320VC5402 DSP in TORNADO-E5402

* 80MIPS TMS320VC5409 DSP in TORNADO-E5409

+ 100MIPS TMS320VC5410 DSPin TORNADO-E5410

* 160MIPS TMS320VC5416 DSPin TORNADO-E5416.

TMS320C54x DSP can start either in microprocessor mode without boot, or in microcontroller mode with boot
from either on-board FLASH/EPROM or DSP HPI port.

Static RAM (SRAM) for Program and Data

TORNADO-E54x DSP controllers provides on-board 256K x16 static RAM (SRAM) for TMS320C54x DSP,
which comprises of 128Kx16 DSP external program SRAM and 128Kx16 DSP external data SRAM areas.

On-board 128K x16 program SRAM is directly mapped into DSP program memory space (two 64Kx16 memory
pages #0 and #1) and on-board TMS320C54x DSP can directly access this memory using extended program
memory addressing capabilities.

On-board 128Kx16 data SRAM is organized as the multi-page memory with on-board extended data memory
addressing hardware (via extended data memory page register XDMP_RG), which is used to switch between
these data memory pages from the DSP software. On-board DSP external data SRAM organization differs for
different TORNADO-E54x DSP systems as the following:

» on-board 128Kx16 external data SRAM for TORNADO-E548/E549/E5409/E5410/E5416 is
organized as four pages of 32Kx16 each with each page being mapped into the DSP off-chip data
memory address space of TMS320L C548/V C549/V C5409/V C5410/V C5416 DSP

e on-board 128Kx16 external data SRAM for TORNADO-E5402 is organized as two pages of 64Kx16
each with each page mapped into the upper 48Kx16 DSP off-chip data memory address space of
TMS320V C5402 DSP.

FLASH/EPROM Memory

TORNADO-E54x provides up to 1IMx8 of on-board FLASH/EPROM memory for DSP boot code and non-
volatile data memory. FLASH/EPROM memory bank is designed to accommodate a variety of FLASH or
EPROM memory chip in the PLCC-32 package.

On-board FLASH/EPROM memory is allocated into DSP external data memory area and can be selected
alternatively to on-board external data SRAM using on-board extended data memory page register XDMP_RG.
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Dual-channel USART

TORNADO-E54x features the on-board dual-channel USART (universal synchronous/asynchronous
receiver/transmitter) for communication with host computers, terminals, network adapters, or externa
peripherals.

USART supports industry standard synchronous protocols (HDLC/X.25, SDLC, MONOSYNC, BISYNC) at up
to 10 Mbit/s data transfer rate, and industry standard asynchronous protocol (ASYNC) at up to 2.5 MBaud
independently for each channel.

Each USART channel connects to external equipment via on-board configurable RS232C or RS422/EIA-530
electrical interface.

USB device interface

TORNADO-E54x rev.2A provides the on-board 12 Mbit/s USB device interface for communication with
external host computers. On-board USB interface connector is the USB type ‘B’ device connector. USB device
controller and external interface meets USB rev.1.1 specifications.

TMS320C54x HPI (host port interface)

TORNADO-E54x DSP controller offers access from external host computer to TMS320C54x DSP on-chip 8-
bit HPI port, which allows access from to DSP on-chip memory, mutual interrupt generation, and to perform HPI
boot procedure.

HPI assumes that the HPI memory address must be pre-latched into HPI address register prior HPI data access
will be performed. However, the HPI address auto post-incrementing feature is available and simplifies data
array upload/download.

Parallel digital 1/O

TORNADO-E54x provides general purpose 8-bit parallel digital 1/0, which might be used as external control
I/O signals. These digital 1/0 signals are the part of on-board USART, and allow generation of DSP interrupt on
individually programmable high-to-low or low-to-high transitions when programmed as input pins.

TORNADO-E5402/E5409/E5416 DSP controllers also allows to use 8-bit data lines of TMS320C54x DSP
on-chip port as general purpose I/O pins in case DSP on-chip HPI port feature is disabled. This increases total
number of general purpose 1/0 pinsfor TORNADO-E5402/E5409/E5416 DSP controllersto 16 pins.

Serial 1/0 Expansion Interface (SIOX) sites

TORNADO-E54x on-board SIOX interface sites and comprises of one SIOX rev.B site, one enhanced SIOX
rev.C site, and on-board MXSIOX connector (TORNADO-E548/E549/E5409/E5410/E5416 only) for
connection to external T/SU-X1 SIOX rev.B mini-extender kit, and shall be used for installation of compatible
SIOX rev.B and rev.C DCM.

TORNADO SIOX AD/DA/DIO and application specific DCM include a variety of ‘of-the-shelf’” DSCM for
telecom, speech/fax/modem, audio, and many more applications.
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SIOX rev.B site includes signals for two TMS320C54x DSP on-chip McBSP serial ports, two timers/l O pins,
and three dedicated SIOX interrupt request inputs, whereas SIOX rev.C provides optional 8-bit parallel data bus
with 6-bit address and data strobes.

On-board MXSIOX connector (TORNADO-E548/E549/E5409/E5410/E5416 only) can be used for
connection to one external T/SU-X7 SIOX rev.B mini-extender kit, which can carry one SIOX rev.B DCM, and
includes signals for two TM S320C54x DSP on-chip McBSP seria ports, two timers/| O pins, and two dedicated
SIOX interrupt request inputs.

Parallel /0 Expansion Interface (PIOX-16) site

TORNADO-E54x feature PIOX-16 interface site for installation of high-speed AD/DA/DIO DCM. PIOX-16
interface is allocated into TM S320C54x DSP externa 1/0 area.

PIOX-16 interface comprises of the signals for DSP 16-bit address and 16-bit data buses, data strobes, two
timer/IO pins and two dedicated PIOX-16 interrupt request inputs.

PIOX-16 compatible DCM include a variety of high-speed multi-channel AD/DA/DIO modules for high-speed
telecom, instrumentation, digital radio and many more applications.

Watch-dog timer (WDT)

TORNADO-E54x provides optional on-board watch-dog timer (WDT) for reliable stand-alone operation. While
the DSP is operating properly and in-case the WDT feature is enabled, DSP must send the WDT reset signal
every 1.6 sec, otherwise WDT will generate the DSP reset signal in order to restart TORNADO-ES54x.

DSP Reset Control

The DSP reset signal for TORNADO-E54x is generated by the DSP reset controller (RC) on the power-on/off
conditions, external reset condition, on-board DSP reset switch condition and on the WDT expiration condition.
Generated DSP reset signal has duration 0.2 sec, whereas the minimum duration of external reset signal is500ns.

System controller (SC)

On-board system controller (SC) is implemented using FPGA chip and comprises of a set of configuration and
control registers, which are used to configure and control on-board TMS320C54x DSP and external DSP
environment.

Debugging TMS320C54x DSP Software

TMS320C54x DSP software for TORNADO-E54x DSP controllers can be developed and debugged using Tl
C5000 Code Composer Studio tools using TI XDS510 and MicroLAB’ MIRAGE-510DX JTAG emulators.

2.2 TMS320C54x DSP Environment

TORNADO-E54x DSP controllers are based around the state of the art TM S320C54x high-performance 16-bit
fixed point DSP from TI, which can be used for DSP operation, for communication with external host computers
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and peripherals via on-board communication interfaces, and for real-time signal 1/0 and control via on-board
general purpose I/O and on-board 1/O expansion sites with installed DCM.

TMS320C54x DSP

TORNADO-54x DSP controllers have been designed to accommodate different compatible high-performance
16-hit fixed point TMS320C54x DSP with the only differences applied to DSP performance, amount of DSP on-
chip memory and a set of DSP on-chip peripherals:

80MIPS TMS320LC548 DSP in TORNADO-E548 with DSP on-chip 32Kx16 RAM, three
BSP/TDM serial ports, one timer and 8-bit HPI port

100MIPS TMS320V C549 DSP in TORNADO-E549 with DSP on-chip 32Kx16 RAM, three
BSP/TDM serial ports, one timer and 8-bit HPI port

100MIPS TM S320VC5402 DSP in TORNADO-E5402 with DSP on-chip 16Kx16 RAM, two
McBSP serial ports, two timers and enhanced 8-bit HPI8 port

80MIPS TMS320V C5409 DSPin TORNADO-E5409 with DSP on-chip 32Kx16 RAM, three
McBSP serial ports, one timer, and enhanced 8-bit HPI8 port

100M1PS TMS320VC5410 DSP in TORNADO-E5410 with DSP on-chip 64Kx16 RAM, three
McBSP serial ports, one timer, and enhanced 8-bit HPI8 port

160MIPS TMS320V C5416 DSPin TORNADO-E5416 with DSP on-chip 256Kx16 RAM, three
McBSP serial ports, one timer, and enhanced 8-bit HPI8 port.

CAUTION

This manual does not contain description and programming details for on-board Tl
TMS320C54x DSP.

For more information refer to original T1 datasheets and user’s guides for TM S320C54x DSP,
which are supplied in either paper or electronic form together with this manual.

TMS320C54x DSP Bootmode Configurations

The TMS320C54x DSP bootmode configuration is defined by on-board SW2-1 and SW2-2 switches (refer to
fig.2-2 and fig.A-1). Supported bootmode configurations are presented in table 2-1.



Chapter 2. System Architecture and Construction

13

Table 2-1. TMS320C54x DSP Bootmode Configurations for TORNADO-E54x.

Bootmode

switch

switch description
SwW2-2 Sw2-1
MP/NO-BMODE ON ON Corresponds to DSP Microprocessor (MP) start-up mode
(Microprocessor without boot process.
mode, no boot)
After DSP reset will be released, DSP will fetch the reset
vector from address OFF80H of on-board DSP external
program SRAM.
Page #0 of on-board data SRAM page #0 will be mapped to
external DSP data memory area via on-board XDMP_RG
control register after release of DSP reset signal.
TMS320C54x DSP OVLY bit is set to ‘0’, i.e. on-board external
DSP program SRAM will be mapped into lower DSP program
memory space.
MC/FLASH8-BMODE OFF ON Corresponds to DSP Microcontroller (MC) start-up mode and
(Microcontroller mode, boot from the on-board 8-bit FLASH/EPROM page #0 starting
boot from 8-bit at DSP data memory address 8000H.
FLASH/EPROM)

After DSP reset will be released, DSP will run on-chip
bootloader and initialize parallel boot from 8-bit ROM. User
boot code must either completely fit into page #0 of on-board
FLASH/EPROM, or must contain valid entry code at page #0
to application specific bootloader, which will move extended
DSP code to external program memory.

Page #0 of on-board FLASH/EPROM memory will be mapped
to external DSP data memory area via on-board XDMP_RG
control register after release of DSP reset signal.
TMS320C54x DSP OVLY bit is set to ‘1’ by DSP on-chip
bootloader, i.e. DSP on-chip memory will be mapped into
lower DSP program memory space.
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MC/HPI-BMODE ON OFF Corresponds to DSP Microcontroller (MC) start-up mode and
(Microcontroller mode, boot from DSP on-chip HPI port.
boot from HPI)

After DSP reset will be released, DSP will run on-chip
bootloader and initialize HPI bootmode. Depending upon the
particular TMS320C54x DSP chip installed, external host
computer/controller must upload DSP code via DSP on-chip
HPI port either before release of DSP reset signal
(TMS320LC548/TMS320VC549/TMS320VC5410), or after
release of DSP reset signal with further write of address for
code entry point to specific DSP on-chip memory location
(TMS320VC5402/TMS320VC5409/TMS320VC5416). Refer to
original TI TMS320C54x DSP documentation for more details.

Page #0 of on-board data SRAM page #0 will be mapped to
external DSP data memory area via on-board XDMP_RG
control register after release of DSP reset signal.
TMS320C54x DSP OVLY bit is set to ‘1’ by DSP on-chip
bootloader, i.e. DSP on-chip memory will be mapped into
lower DSP program memory space.

Notes: 1. "ON’ corresponds to switched-on setting of on-board switch; ‘OFF’ corresponds to the
switched-off setting of on-board switch.
2. Other bootmode configurations are reserved and are not recommended for usage.
3. Highlighted configuration corresponds to the factory setting.

On-board TMS320C54x DSP can be configured to start either in microprocessor mode without boot (MP/NO-
BMODE bootmode in accordance with table 2-1), or in microcontroller mode with boot from either on-board 8-
b FLASH/EPROM memory (MC/FLASH8-BMODE bootmode in accordance with table 2-1), or from DSP on-
chip HPI port (MP/HPI-BMODE bootmode in accordance with table 2-1).

MP/NO-BMODE bootmode corresponds to DSP microprocessor start-up mode without boot process, and is
useful for DSP code development and debugging, when multiple DSP restarts are required. DSP reset vector
mapped to OFF80H address of the on-board external DSP program SRAM. Page #0 of on-board data SRAM
page #0 is mapped to external DSP data memory area via on-board XDMP_RG control register after release of
DSP reset signal. TMS320C54x DSP OVLY bitissetto ‘0, i.e. on-board external DSP program SRAM will be
mapped into lower DSP program memory space.

MC/FLASH8-BMODE DSP bootmode configuration corresponds to DSP microcontroller start-up mode with
boot from on-board 8-bit FLASH/EPROM page #0, which is alocated to the DSP data memory address area
8000H..FFFFH. Page #0 of on-board FLASH/EPROM memory is mapped to external DSP data memory area
via on-board XDMP_RG control register after release of DSP reset signal. TMS320C54x DSP OVLY bit is set
to ‘1’ by DSP on-chip bootloader, i.e. DSP on-chip memory will be mapped into lower DSP program memory
space.
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CAUTION

Application boot code must be allocated into the FLASH/EPROM page #0, since thisisthe
FLASH/EPROM memory page, which is selected during FLASH/EPROM boot procedure.

In case user application boot code exceeds the FLASH/EPROM memory page limits (32K B)
and must be loaded into on-board external DSP program SRAM, then user application must
provide the start-up kernel of boot code at FLASH/EPROM page #0, which must be initialized
after the boot of FLASH/EPROM page #0. This start-up kernel must load FL ASH/EPROM
pages #1..#3 into the DSP on-chip memory depending upon the user application.

MC/HPI-BMODE DSP bootmode configuration corresponds to DSP microcontroller start-up mode with boot
via DSP on-chip HPI port. Page #0 of on-board data SRAM page #0 will be mapped to externa DSP data
memory area via on-board XDMP_RG control register after release of DSP reset signal. TMS320C54x DSP
OVLY bhit is set to ‘1" by DSP on-chip bootloader, i.e. DSP on-chip memory will be mapped into lower DSP
program memory space.
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CAUTION

Different TMS320C54x DSP chips, which can be used in TORNADO-E54x DSP controllers,
feature different HPI boot sequence.

Depending upon the particular TM S320C54x DSP, external host computer/controller must
upload DSP code via DSP on-chip HPI port either before release of DSP reset signal, or after
release of DSP reset signal with further write of address for code entry point to specific DSP
on-chip memory location.

For TORNADO-E548/E549/E5410 the application DSP code must be uploaded via DSP on-
chip HPI port before release of DSP reset signal, and after DSP reset signal has been released,
then DSP bootloader will start DSP code from specific DSP on-chip memory location
(0x01000 for TORNADO-E548/E549 and 0x2000 for TORNADO-E5410).

For TORNADO-E5402/E5409/E5416 the application DSP code must be uploaded via DSP
on-chip HPI port after release of DSP reset signal. Once the host has finished |oading the boot
code, it must perform additional writes to specific data memory addresses (0x0007F for
TORNADO-E5402, and 0x0007E/0x0007F for TORNADO-E5416) in order to set the entry
point (start address) of the loaded code and to notify DSP on-chip bootloader about finish of
code upload. The entry point of the loaded code must be a non-zero number. For
TORNADO-E5416 the word at address 0x0007Eh must contain the extended address (XPC)
of the entry point (addresses A22—-A16), whereas the word at address 0x0007Fh contains the
lower 16-bits (PC) of the entry point (address A15-A0).

Refer to original TI TM S320C54x DSP documentation for more details about HPI boot
procedure for particular TMS320C54x DSP, which isinstalled in your TORNADO-E54x
DSP controller.

Compiling TMS320C54x DSP applications for bootloading from 8-bit FLASH/EPROM memory

It is important to note that in case of bootloading from TORNADO-E54x on-board 8-hit FLASH/EPROM
memory, data contents of 8-bit FLASH/EPROM for TORNADO-E54x DSP controllers must meet format of 8-
bit ROM boot table for DSP on-chip bootloader for TMS320LC548, TMS320VC549, TMS320V C5402,
TMS320VC5409, TMS320VC5410, and TMS320VC5416 DSP, which all require ROM/PARALLEL boot
tables in extended addressing format.

In order to provide compatibility with TI C5000 Code Composer Hex Conversion Utility (HEX500.EXE), which
creates ROM files in TMS320C54x DSP on-chip bootloader format, user C/Assembler DSP applications for
TORNADO-E54x DSP controllers shall be compiled with either '-v548' or '-v549' command line options:
CL500 <file> -v549 <other CLI500.EXE command-line options>
ASM500 <file> -v549 <other ASM500.EXE command-line options>

Both ‘-v548' and ‘-v549' command line options for TI C5000 Code Composer CL500.EXE compiler command
line shell and ASM500.EXE assembler compiler to force HEX500.EXE conversion utility to generate
ROM/PARALLEL boot table using extended addressing format.
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For more information refer TORNADO-E54x software demo samples and to origina Tl datasheets and user’'s
guides for TMS320C54x DSP, which are supplied in either paper or electronic form together with this manual.

TMS320C54x DSP reset control

Reset signal for TORNADO-E54x on-board TMS320C54x DSP and peripherals is generated by on-board reset
controller (RC) on any of the following conditions:
» incase of power-on and power off condition (the power is controlled by built-in power supervisory
circuit)
e on-board SW1 reset pushbutton (refer to figures 2-2 and A-1) is pressed
» external active low reset signal is applied at XRESET input pin of on-board JP2 external reset
connector (refer to figures 2-2, 2-5 and A-1)
e externa active low reset signal isapplied at XRESET input pin of on-board JP7 HPI interface
connector (refer to figures 2-2, 2-4 and A-1, and to the corresponding subsection bel ow)
» on-board watchdog timer (WDT) has expired, in case WDT isenabled via WDT_EN_RG 10X control
register (refer to tables 2-3 and 2-5, and the corresponding subsection below) while DSP is released
from the reset state.

Duration of generated reset signal for on-board TMS320C54x DSP and peripherals is at least 0.2 sec after
release of any of the above conditions.

Note, that the last of the above listed conditions must be used in order to increase system operation reliability
and to exclude system idling. Once DSP application has enabled WDT via WDT_EN_RG 10X control register,
then it must periodically reset WDT (with the period about 0.8 sec) via DSP software by means of writing to the
WDT_RESET_RG IOX control register, otherwise WDT will generate restart signal for on-board reset
controller, which will restart DSP and all on-board peripherals. This will result in system restart in case it idles
while WDT is enabled. For more details about WDT control refer to the corresponding subsection below.

Programming TMS320C54x DSP on-chip wait state and PLL control registers

In order to provide correct operation of TORNADO-E54x on-board hardware and to benefit of full performance
of TMS320C54x on-board DSP, be sure to program TMS320C54x on-chip wait state control registers and PLL
control registersin your TM S320C54x DSP software in accordance with table 2-2.
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Table 2-2. Programming TMS320C54x DSP on-chip wait state control and PLL control registers.

Board

DSP
source
clock
(CLKIN)

DSP
internal
clock

DSP
PLL
mode

DSP
external
bus clock
(CLKOUT)

Data, which must be programmed to

DSP on-chip wait state control
and PLL control registers

SWWSR
(@0x0028)

SWCR
(@0x002B)

BSCR
(@0x0029)

CLKMD
(@0x0058)

TORNADO-E548

80 MHz

80 MHz

x1

80 MHz

0x2209
@DSRAM

0x2409
@FLASH

0x8800

OxF7F7

TORNADO-E549

100 MHz

100 MHz

x1

100 MHz

0x2209
@DSRAM

0x2409
@FLASH

0x0000

0x8800

OxF7F7

TORNADO-E5402

50 MHz

100 MHz

x2

100 MHz

0x2249
@DSRAM

0x2489
@FLASH

0x0000

0xC800

Ox17F7

TORNADO-E5409

80 MHz

80 MHz

x1

80 MHz

0x2209
@DSRAM

0x2409
@FLASH

0x0000

0x8800

OxF7F7

TORNADO-E5410

100 MHz

100 MHz

x1

100 MHz

0x2209
@DSRAM

0x2409
@FLASH

0x0000

0x8800

OxF7F7

TORNADO-E5416

32 MHz

160 MHz

x5

80 MHz

0x2209
@DSRAM

0x2409
@FLASH

0x0000

0xA000

0x47F7

Notes:

1.

@DSRAM denotes SWWSR register contents in case external data memory is configured as SRAM
via XDMP_RG external 1/O control register; @FLASH denotes SWWSR register contents in case
external data memory is configured as FLASH/EPROM via XDMP_RG external 1/O control register.
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CAUTION

For more information about TM S320C54x DSP on-chip wait state control and PLL control
registersrefer to original T datasheets and user’s guides for TM S320C54x DSP, which are
supplied in either paper or el ectronic form together with this manual.

TMS320C54x DSP memory and I/O map

TORNADO-E54x on-board TMS320C54x DSP address area comprises of program memory, data memory and
I/O areas. Table 2-3 specifies the DSP memory and 1/0O maps, and the corresponding access wait states.

Table 2-3. TMS320C54x DSP memory and 1/0O map.

address area value at access address range access
of TMS320C54x DSP DSP RESET mode (in 16-bit words) time/WS

TMS320C54x DSP on-chip and external memory areas

DSP on-chip PROGRAM - riw TORNADO-E5402: Ows
memory 0000H...3FFFH

and aliases at pages #1..#N
(refer to TMS320C54x DSP @PROG with OVLY=1

datasheets for more details)
TORNADO-
E548/E549/E5409/E5410/E5416:
0000H...7FFFH
and aliases at pages #1..#N
@PROG with OVLY=1

TORNADO-E5410/E5416:
18000H...1FFFFH
@PROG for MC/FLASH8-BMODE or
MC/HPI-BMODE

TORNADO-E5416:
28000H...2FFFFH
38000H...3FFFFH
@PROG for MC/FLASH8-BMODE or
MC/HPI-BMODE
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external PROGRAM SRAM
memory

(refer to TMS320C54x DSP
datasheets for more details)

r/'w

TORNADO-E5402:
page #0: 4000H...FFFFH
page #1: 14000H...1FFFFH
@PROG with OVLY=1

page #0: 0080H...FFFFH
page #1: 10080H...1FFFFH
@PROG with OVLY=0

TORNADO-E548/E549/E5409:
page #0: 8000H...FFFFH
page #1: 18000H...1FFFFH
@PROG with OVLY=1

page #0: 0080H...FFFFH
page #1: 10080H...1FFFFH
@PROG with OVLY=0

TORNADO-E5410/E5416:
page #0: 8000H...FFFFH
page #1: 18000H...1FFFFH
@PROG with OVLY=1 for MP/NO-
BMODE

page #0: 0080H...FFFFH
page #1: 10080H...1FFFFH
@PROG with OVLY=0 for MP/NO-
BMODE

TORNADO-E5410:
page #0: 8000H...BFFFH
page #0/alias: 28000H...2FFFFH
page #1: 38000H...3FFFFH
@PROG with OVLY=1 for MC/FLASHS-
BMODE or MC/HPI-BMODE

page #0: 0080H...BFFFH
page #1: 10000H...17FFFH
page #0/alias: 20000H...2FFFFH
page #1/alias: 30000H...3FFFFH
@PROG with OVLY=0 for MC/FLASHS-
BMODE or MC/HPI-BMODE

TORNADO-E5416:
page #0: 8000H...BFFFH
page #0O/alias: 48000H...4FFFFH
page #1: 58000H...5FFFFH
@PROG with OVLY=1 for MC/FLASHS-
BMODE or MC/HPI-BMODE

page #0: 0080H...BFFFH
page #1: 10000H...17FFFH
page #0/alias: 20000H...27FFFH
page #1/alias: 30000H...37FFFH
@PROG with OVLY=0 for MC/FLASHS-
BMODE or MC/HPI-BMODE

Tws
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DSP on-chip DATA memory - riw TORNADO-E5402: Ows
0000H...3FFFH
(refer to TMS320C54x DSP @DATA
datasheets for more details)
TORNADO-
E548/E549/E5409/E5410/E5416:
0000H...7FFFH
@DATA
TORNADO-E5410/E5416:
8000H...FFFFH
@DATA with DROM=1
external DATA SRAM - riw TORNADO-E5402: Tws
memory page #0: 4000H..FFFFH (on-board data
@DATA with XDMP_RG=0x00 SRAM is
(refer to TMS320C54x DSP enabled via
datasheets for more details) page #1: 4000H..FFFFH XDMP_RG
@DATA with XDMP_RG=0x01 register)
TORNADO-E548/E549/E5409
and
TORNADO-E5410/E5416 with DROM=0:
page #0: 8000H..FFFFH
@DATA with XDMP_RG=0x00
page #1: 8000H..FFFFH
@DATA with XDMP_RG=0x01
page #2: 8000H..FFFFH
@DATA with XDMP_RG=0x02
page #3: 8000H..FFFFH
@DATA with XDMP_RG=0x03
external DATA - riw TORNADO-E548/E549/E5402/E5409 Ta=120ns
FLASH/EPROM memory and (WS are
TORNADO-E5410/E5416 with DROM=0: controlled via
(refer to TMS320C54x DSP ages #0..#31: 8000H..FFFFH on-board h/w,
datasheets for more details) @DATA with XDMP_RG=0x80..0x9F on-board
FLASH is
enabled via
XDMP_RG
register)
external I/O (IOX) peripherals and parallel I/O interfaces
10X area: - riw 0000H..007FH Ta=70ns
dual-channel USART controller @I/0 with XF=1 (WS are
registers (bits DO..D7 only) controlled via
on-board h/w)
10X area: - riw 2000H..2001FH Ta=74ns
USB controller registers @I/0 with XF=1 (WS are
(bits DO..D7 only) controlled via
on-board h/w)




22 TORNADO-E54x.  User's Guide.
10X area: - riw 6000H..6003FH Ta=(50ns +
SIOX rev.C interface @I/0 with XF=1 SX_RDY)
(bits DO..D7 only) (min WS are
controlled via
on-board h/w)
10X area: - riw 0000H..FFFFH Ta=(50ns +
PIOX-16 interface @1/0 with XF=0 PX_RDY)
(min WS are
controlled via
on-board h/w)
external I/O (IOX) Control Registers area
10X area: - w 4000H Ta=100ns
WDT_RESET_RG register @I/0 with XF=1 (WS are
(WDT reset) (data ignored) controlled via
on-board h/w)
10X area: 00H riw 8000H 2ws
XDMP_RG register @ @1/0 with XF=1
(external data memory page MP/NO-BMODE (bits D0..D7 only)
selector) and
MC/HPI- BMODE
bootmodes
80H
@
MC/FLASHS-
BMODE
bootmode
10X area: O00H riw 8001H 2ws
XIO_DATA_RG register @I/0 with XF=1
(PIOX-16/SIOX TM/XIO pins (bits DO..D7 only)
1/0O data)
10X area: O00H riw 8002H 2ws
XIO_DIR_RG register @I/0 with XF=1
(PIOX-16/SIOX TM/XIO pins (bits DO..D7 only)
direction control)
10X area: O00H riw 8003H 2ws
XIO_CNF_RG register @I/0 with XF=1
(PIOX-16/SIOX TM/XIO pins (bits DO..D7 only)
configuration control)
10X area: O00H riw 8006H 2ws
PXSX_RESET_RG register @I/0 with XF=1
(PIOX-16/SIOX 1/O expansion (bits D0..D7 only)
sites reset control)
10X area: O00H riw 8007H 2ws
WDT_EN_RG register @I/0 with XF=1
(WDT enable control) (bits D0..D7 only)
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10X area: O00H riw AO0OH 2ws
MIRQO_SEL_RG register @I/0 with XF=1
(DSP INT-0 source selector) (bits D0..D7 only)
10X area: 00H riw A001H 2ws
MIRQ1_SEL_RG register @1/0 with XF=1
(DSP INT-1 source selector) (bits DO..D7 only)
10X area: O00H riw AO002H 2ws
MIRQ2_SEL_RG register @I/0 with XF=1
(DSP INT-2 source selector) (bits D0..D7 only)
10X area: 00H riw AO003H 2ws
MIRQ3_SEL_RG register @1/0 with XF=1
(DSP INT-3 source selector) (bits DO..D7 only)
10X area: O00H riw A004H 2ws
MNMI_SEL_RG register @I/0 with XF=1
(DSP NMI source selector) (bits D0..D7 only)
10X area: (refer to the r FFFDH 2ws
DEV_ID_RG register corresponding @1/0 with XF=1
(device ID and revision ID) subsection below) (bits D0..D7 only)
10X area: (refer to the r FFFEH 2ws
SYS_STAT_RG register corresponding @1/0 with XF=1
(DSP bootmode and HPI subsection below) (bits D0..D7 only)
enable status)

Notes: 1.  @PROG denotes PROGRAM memory DSP area; @DATA denotes DATA memory DSP area,

@IO denotes I/O DSP area.

2. The DROM bit of DSP on-chip PMST register must be set to DROM=0 value (default value on
DSP reset) in order to enable access to DSP external on-board DPRAM/FLASH memory.

3. The XF denotes XF bit of DSP on-chip ST1 register.

4. OVLY bit of DSP on-chip PMST register must be set to OVLY=1 value in order to map low

PROGRAM memory to DSP on-chip DARAM memory.

Ta denotes access time.

WS denote number of wait states.

SX_RDY and PX_RDY denote await for the ‘1’ state of ready signal for SIOX rev.C and PIOX-16

No o

I/F correspondingly.
8. Access modes: r - read only, w - write only, r/w - read/write.

TMS320C54x DSP on-chip program and data memory areas

TMS320C54x DSP on-chip program and memory areas vary upon the particular DSP chip type installed onto
TORNADQO-E54x DSP controller. DSP on-chip memory is aways accessed at maximum DSP speed without

wait states.

For more information refer to table 2-3 and to original T| datasheets and user’s guides for TMS320C54x DSP,
which are supplied in either paper or electronic form together with this manual.

TMS320C54x DSP external program SRAM

TORNADO-E54x on-board DSP external program memory area comprises of two 64Kx16 SRAM memory

pages.
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CAUTION

External program SRAM mapping into DSP program memory address space depends upon the
DSP bootmaode, upon the state of OVLY bit of DSP on-chip PMST register, and upon the
particular DSP chip type installed onto TORNADO-E54x DSP controller.

For more information refer to table 2-3 and to original T1 datasheets and user’s guides for
TMS320C54x DSP, which are supplied in either paper or electronic form together with this
manual.

TORNADO-E54x on-board TMS320C54x DSP can access on-board 128Kx16 external program SRAM with
one wait state.

CAUTION

One wait state for access to external SRAM and peripherals means Y2 of maximum DSP speed
for all TORNADO-E54x DSP controllers except for TORNADO-E5416 DSP controller.

One wait state for access to external SRAM and peripherals means ¥ of maximum DSP speed
for TORNADO-E5416 DSP controller since DSP external bus clock (CLKOUT) for
TORNADO-E5416 DSP controller must be software configured to %2 of DSP internal clock
via DSP on-chip BSCR register.

TMS320C54x DSP external data memory area

TORNADO-E54x on-board DSP external data memory area can be configured as either on-board 128Kx16
data SRAM, or on-board 128K..1Mx8 FLASH/EPROM.

TORNADO-E54x DSP controllers are using extended data memory addressing concept in order to access
different on-board data memories (SRAM and FLASH/EPROM) as external data memories for TM S320C54x
DSP with external memory capacity, which exceeds built-in addressing capabilities of TMS320C54x DSP.
Extended data memory addressing for TORNADO-E54x on-board DSP is controlled via XDMP_RG 10X
control register (refer to tables 2-3 and 2-11, and to the corresponding subsection below).
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CAUTION

Particular address mapping for DSP external data memory address space depends upon the
particular DSP chip type installed onto TORNADO-E54x DSP controller, and upon the state
of DROM hit of DSP on-chip PMST register for TORNADO-E5410/E5416 DSP controllers.

For more information refer to figure 2-3, table 2-11 and to original T| datasheets and user’s
guides for TM S320C54x DSP, which are supplied in either paper or electronic form together
with this manual.

Figure 2-3 shows extended data memory addressing concept when accessing external data SRAM and
FLASH/EPROM memories for different TORNADO-E54x DSP controllers using XDMP_RG 10X control
register.

128k x 16 TMS320C548/549/5409/5410/5416 iIMx 8

External DSP Data Memory FLASH/
Data SRAM Address Space EPROM
0000H
32Kx16 { Page #0 Page #0 } 32Kx8
- DSP
32Kx16 { Page #1 N on-chip Page #1 } 32Kx8
Sao memory
32Kx16 { Page#2 | N RN - - Page #2 } 32Kx8
. 8000H -
32Kx16 { Page #3 N External Page #3 } 32Kx8
Data
Selected if N LTSy .
XDM_OSEL:0 N (DROM=0 for -
XDMP_RG register N e
~_ |TmMs320vcsate) -
\\ .7
FFFFH

Page #30 } 32Kx8

Mapped if
XDM_PAGE={0,0,0,0,1}
of
XDMP_RG register

Page #31 } 32Kx8

Selected if
XDM_SEL=1

Mapped if
XDM_PAGE={0,0,0,1,0}
of
XDMP_RG register
o
XDMP_RG register

Fig.2-3a. Extended external data memory addressing for TORNADO-
E548/E549/E5409/E5410/E5416 DSP controllers.
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16Kx16 4

48Kx16 {

16Kx16 <

48Kx16 {

128k x 16
External
Data SRAM

(Unused)

Page #1
64Kx16

TMS320C5402

DSP Data Memory

0000H

8000H

Address Space

DSP
on-chip
memory

External

Data

Memory

1Mx 8
FLASH/
EPROM

Page #0

Page #1

Page #2

Page #3

32Kx8

32Kx8

32Kx8

32Kx8

Selected if
XDl EL=0

Of
XDMP_RG register

N
N
FFFFH

Mapped if
XDM_PAGE={0,0,0,0,1}
of
XDMP_RG register

Page #30 } 32Kx8

Mapped if
XDM_PAGE={0,0,0,1,0}
of
XDMP_RG register

Page #31 } 32Kx8

Selected if
XDM_SEL=1

of
XDMP_RG register

Fig.2-3b. Extended external data memory addressing for TORNADO-E5402 DSP controller.

Selection between external data SRAM and FLASH/EPROM memories as external TM S320C54x DSP memory
is performed at run-time by DSP software via bit XDM_SEL of XDMP_RG 10X control register, whereas
{XDM_PAGE-0...4} bits of XDMP_RG IOX control register must be used to select a particular data memory
page of either external data SRAM or FLASH/EPROM memory, which will be mapped to DSP external data
memory address space.

On-board data SRAM as TMS320C54x DSP external data memory

TORNADO-E54x on-board 128Kx16 data SRAM is selected as DSP external program memory in case bit
XDM_SEL of on-board XDMP_RG 10X control register is set to the ‘0’ state (refer to the figure 2-3 and table
2-11). This is default setting on DSP reset conditions for MP/NO-BMODE and MC/HPI-BMODE DSP
bootmodes (refer to table 2-1 for more details).

TORNADO-E54x on-board DSP external data SRAM appears as four overlapped 32Kx16 SRAM memory
pages for TORNADO-E548/E549/E5409/E5410/E5416 DSP controllers and as two overlapped 64Kx16
SRAM memory pages for TORNADO-E5402 DSP controllers. Particular data SRAM memory page, which is
mapped into DSP external data memory area, is selected via bits DO..D1 of XDMP_RG IOX control register for
TORNADO-E548/E549/E5409/E5410/E5416 DSP controllers and by bit DO for TORNADO-E5402 DSP
controllers.
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CAUTION

Particular address mapping of external data SRAM into DSP external data memory address
space depends upon the particular DSP chip type installed onto TORNADO-E54x DSP
controller, and upon the state of DROM bit of DSP on-chip PMST register for TORNADO-
E5410/E5416 DSP controllers (figure 2-3).

For more information refer to original T1 datasheets and user’s guides for TM S320C54x DSP,
which are supplied in either paper or electronic form together with this manual.

TORNADO-E54x on-board TMS320C54x DSP can access on-board 128K x16 external data SRAM with one
wait state.

CAUTION

One wait state for access to external SRAM and peripherals means Y2 of maximum DSP speed
for all TORNADO-E54x DSP controllers except for TORNADO-E5416 DSP controller.

One wait state for access to external SRAM and peripherals means ¥ of maximum DSP speed
for TORNADO-E5416 DSP controller since DSP external bus clock (CLKOUT) for
TORNADO-E5416 DSP controller must be software configured to %2 of DSP internal clock
via DSP on-chip BSCR register.

On-board FLASH/EPROM as TMS320C54x DSP external data memory

FLASH/EPROM memory can be used to store non-volatile data and/or for DSP boot. 8-bit FLASH boot code
from FLASH memory page #0 is reloaded into DSP on-chip memory during MC/FLASH8-BMODE bootmode.

TORNADO-E54x DSP controllers alow installation of either 5v-only 128K..512Kx8 FLASH or 128K..1Mx8

EPROM chip with access time below 100ns and in the PLCC-32 IC package into the TORNADO-E54x on-
board dedicated S1 socket (refer to figures 2-2 and A-1).

CAUTION
TORNADO-E54x on-board S1 socket is designed to carry the FLASH 5v-only
128K ..512K x8 chips or EPROM 128K..1Mx8 chipsin the PLCC-32 | C package.

Installation of other FLASH/EPROM chip than that specified in table 2-3 may result in
damage of FLASH/EPROM chip and/or of the TORNADO-E54x hardware.
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CAUTION

MicroLAB Systems highly recommends that AMD (www.amd.com) 5v only 128Kx8
Am29F010B-55JC (or —70JC, or -90JC) FLASH chips and 512Kx8 Am29F040B-70JC (or -
90JC) FLASH chipsin PLCC-32 | C package are used as 8-hit FLASH memory chips for
TORNADO-E54x DSP controllers. These FLASH chips have proved to meet industry
standards and have demonstrated best reliability and data integrity parameters when eval uated
with TORNADO-E54x DSP controllers.

There is no preferences for any particular manufacturer for EPROM/ROM chips, which can be
used with TORNADO-E54x DSP controllers.

The on-board SW3 switch set (switches SW3-1..SW3-6) is used to select the particular FLASH/EPROM chip
type installed and to enable/disable write protect feature for the FLASH chip. Supported FLASH/EPROM chips
are presented in table 2-4.


http://www.amd.com/
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Table 2-4. FLASH/EPROM chip type selector.

FLASH/EPROM SW3
chip type jumper setting

in PLCC-32
IC package

SW3-1 | SW3-2 | SW3-3 | SW3-4 | SW3-5 | SW3-6

Am29F010 OFF ON OFF ON OFF OFF
128Kx8 FLASH

Am29F040
512Kx8 FLASH

with
WRITE ENABLE

Am29F010 OFF ON OFF OFF ON OFF
128Kx8 FLASH

Am29F040
512Kx8 FLASH

with
WRITE DISABLE

27C010 OFF OFF ON OFF ON OFF
128Kx8 EPROM

27C020
256Kx8 EPROM

27C040 OFF OFF ON OFF OFF ON
512Kx8 EPROM

27C080 ON OFF OFF OFF OFF ON
1Mx8 EPROM

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

TORNADO-E54x on-board FLASH/EPROM memory is selected as DSP external program memory in case bit
XDM_SEL of on-board XDMP_RG 10X control register is set to the ‘1’ state (refer to the figure 2-3 and table
2-11). Thisis default setting on DSP reset condition for MC/FLASH8-BMODE DSP bootmode (refer to table 2-
1 for more details).
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CAUTION

TORNADO-E54x on-board DSP all ocates 8-bit FLASH/EPROM memory into |east
significant data byte (bits DO..D7) of DSP data word with most significant data byte (bits
D8..D15) left undefined.

TORNADO-E54x on-board FLASH/EPROM data memory bank appears as set of 32 overlapped 32Kx8
memory pages, which are mapped to TMS320C54x DSP external memory address area 0x8000..0xFFFF.
Particular data SRAM memory page, which is mapped into DSP external data memory area, is selected via bits

DO0..D4 of XDMP_RG 10X control register.

CAUTION

Once on-board FLASH/EPROM memory has been selected as external DSP data memory via
bit XDM_SEL of XDMP_RG 10X control register, then TORNADO-
E548/E549/E5402/E5409 on-board DSP can access external FLASH/EPROM memory any
time it performs data access to 0x8000...0xFFFF external data memory area.

However, TORNADO-E5410/E5416 DSP controllers requires that bit DROM of DSP on-
chip PMST register must be also set to the ‘0" state in order to allow accessto external
FLASH/EPROM memory.

FLASH memory bank provides FLASH memory write protection in order to exclude unauthorized FLASH
memory data update and to provide integrity of FLASH memory contents.

CAUTION

If SW3-5 switchis set to the ‘OFF' state and SW3-4 switch is set to ‘ON’ while the FLASH
memory chip isinstalled into on-board S1 socket, then the FLASH memory can be
programmed by the DSP software.

If SW3-5 switchis set to the ‘ON’ state and SW3-4 switch is set to ‘ OFF while the FLASH
memory chip isinstalled into on-board S1 socket, then writing to FLASH memory is disabled.

For more information about programming FLASH memory refer to original manufacturer datasheet for particular
installed FLASH memory chip.
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CAUTION

In case AMD Am29F010B or Am29F040B FLASH memory chips are being used with
TORNADO-E54x DSP controller, then TORNADO-E54x supplied flash programming DSP
software utilities and demo samples can be used in order to auto-detect and to program
FLASH memory directly from DSP software.

CAUTION

EPROM chip can be programmed in the external programmer only, and can be used for read-
only software boot purpose in TORNADO-ES54x DSP controllers.

external I/O (IOX) area

TMS320C54x DSP externa 1/0 (IOX) area for TORNADO-E54x DSP controllers (refer to table 2-3) is
allocated into DSP 1/0 address space and includes the following on-board peripherals and control registers:

e dual-channel USART area

* USB device controller area

* |OX Control Registers area

e SIOX rev.Cinterface areafor compatible DCM

*  PIOX-16 interface areafor compatible DCM.

CAUTION

TORNADO-E54x on-board DSP access to on-board USART, USB, SIOX rev.C interface and
IOX control registers areas must be performed with DSP XF flag setto ‘1’.

TORNADO-E54x on-board DSP access to on-board PIOX-16 interface area must be
performed with DSP XF flag set to ‘0'.

TMS320C54x DSP XF flag is controlled via DSP on-chip ST1 status/control register. For
more details refer to original Tl datasheets and user’s guides for TM S320C54x DSP, which
are supplied in either paper or electronic form together with this manual .
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CAUTION

In case user TM S320C54x DSP application for TORNADO-E54x DSP controller requires
run-time dynamic switching of the output state for DSP XF flag along with DSP access to |OX
area , then possible delays shall be taken into account due to the TM S320C54x DSP pipelined

architecture.

Dual-channel USART

TORNADO-E54x on-board dual-channel USART (universal synchronous/asynchronous receiver/transmitter)
can be used 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 Mbit/s data transfer rate and industry-standard
asynchronous protocol at up to 2.5 MBaud independent for each channel. USART can generate interrupt to on-
board DSP.

Each USART channel connects to external communication equipment via either RS232C or RS422/EIA-530
electrical interface. Selection of particular interface is performed by the on-board switch SWA4.

CAUTION

USART on-chip registers are allocated directly into external 1/0O address space of
TMS320C54x DSP (refer to table 2-3) and can be accessed via DSP 1/0 read/write
instructionsin case DSP XF flag is set to the ‘1’ state.

For more details about USART and external RS232C/R$422 interfaces for USART refer to the corresponding
section later in this chapter.

USB interface

TORNADO-E54x on-board USB device controller with external USB type ‘B’ interface connector can be used
for communication to external host computers via the industry standard 12 Mbit/s USB protocaol.

USB device controller is based around the Lucent Technologies USS-820/USS-825 chip and meets USB rev.1.1
specifications. USB device controller can generate interrupt to on-board DSP.
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CAUTION

On-chip registers of USB device controller are allocated directly into external 1/0 address
space of TMS320C54x DSP (refer to table 2-3) and can be accessed via DSP 1/O read/write
instructionsin case DSP XF flag is set to the ‘1’ state.

For more details about USB device controller and interface refer to the corresponding section later in this

chapter.

IOX control registers area

TORNADO-E54x on-board external 1/0 (10X) control registers area comprises of a set of control registers,
which shall be used in order to configure on-board TMS320C54x DSP environment and to generate control
signals to on-board peripherals.

CAUTION

1OX control registers are mapped to TM S320C54x DSP external 1/0 address area (refer to
table 2-3) and can be accessed via DSP 1/O read/write instructionsin case DSP XF flag is set
tothe‘l’ state.

The following is the list of 10X control registers (for more details refer to table 2-3 and to the corresponding
subsections below):

WDT_EN_RG and WDT_RESET_RG registers, which are used to control on-board watchdog timer
(WDT)

PXSX RESET RG register, which isused to control reset signals for on-board PIOX-16 and SIOX
rev.B/C 1/0O expansion interface sites for DCM, and the reset signal for on-board MXSIOX connector
for external T/SU-X1 SIOX rev.B mini-extender kit

XIO_DATA_RG, XIO_DIR_RG and XIO_CNF_RG registers, which are used to configure and
control timer/IO TM/XI10-0/1 pins for PIOX/SIOX 1/0O expansion interface sites

MIRQO_SEL_RG, MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG,
which are used to configure source select multiplexers for DSP external interrupt request inputs
(INTO..INT3 and NMI)

XDMP_RG register, which is used to select external DSP data memory type (SRAM or
FLASH/EPROM) and to set external data memory page

DEV _ID_RG register, which is used to read device ID and revision ID in order to identify
TORNADO-E54x board via DSP software

SYS_STAT_RG register, which is used to read latched DSP start-up configuration via DSP software.
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10X control registers have 8-hit data format and are all ocated to the least significant byte (bits
DO0..D7) of DSP data word. Most significant byte (bits D8..D15) isignored when writing to
10X control registers and is returned undefined when reading from 10X control registers.

CAUTION

watchdog timer (WDT) control

TORNADO-E54x provides on-board watchdog timer (WDT), which generates output pulse in case WDT has
not been reset by DSP software within the WDT latency period (typically 0.8 sec) since the last WDT reset
event. TORNADO-E54x DSP software can configure on-board hardware to enable generation of reset signal for
on-board DSP and peripherals on the WDT expiration condition in order to increase reliability in embedded
environment and to automatically restart on-board DSP and peripherals in case of the DSP idling or DSP

software crash.

Generation of reset signal for TORNADO-E54x on-board DSP and peripherals on the WDT expiration event is
enabled by the WDT_EN bit of WDT_EN_RG 10X register (refer to table 2-3 for addressing details).

WDT_EN_RG 10X control register (r/w)

0 0 0 0 0 0 0 WDT_EN
@ @000 00 (w, 0%)

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

Table 2-5. WDT_EN_RG IOX control register.

register bit(s)

access
mode

value at
DSP reset

Description

WDT_EN

riw

0

Enable control for generation of reset signal for on-board DSP and
peripherals on WDT expiration event.

WDT_EN =0 corresponds to the WDT disabled, i.e. reset signal for on-
board DSP and peripherals can’t be generated on WDT expiration event.
This is default setting on power on and DSP reset conditions.

WDT_EN =1 corresponds to the WDT enabled, i.e. reset signal for on-
board DSP and peripherals will be generated on WDT expiration event.
DSP software must periodically (with the period below 0.8 sec) reset
WDT by means of writing to the WDT_RESET_RG IOX control register
(written data is ignored) in order to exclude automatic generation of reset
signal for on-board DSP and peripherals.

Notes:

1. Access modes: r/w — read/write; r — read-only; w — write only.

In case WDT is enabled b n-board DSP software via setting bit WDT_EN bit of WDT_EN_RG 10X control
register to the ‘1’ state, then DSP software must periodically write (with the period below 0.8 sec) to the
WDT _RESET _RG IOX control register (refer to table 2-3 for addressing details) in order to reset WDT. When
writingto WDT_RESET _RG IOX control register, written dataisignored, and WDT is reset.
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WDT_RESET_RG 10X control register (w)

X X X X X X X X X

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

TM/XI0-0/1 timer/IO pins control for PIOX-16/SIOX/MXSIOX 1/O expansion interface sites

TM/XI0-0 and TM/XIO-1 timer/IO pins are used in PIOX-16, SIOX rev.B/C and MXSIOX on-board 1/0
expansion interface site connectors in order to provide either DSP timer outputs or genera purpose 1/O to
installed DCM (refer to the corresponding sections later in this chapter). Each of TM/XIO-0/1 pins can be
independently configured as either timer, or general purpose I/O pin.

TM/X10-0 and TM/XIO-1 timer/IO pins are configured and controlled via the following IOX control registers
(refer to table 2-3 for addressing details):

e XIO_CNF_RG 10X control register, which is used to configure TM/XI0O-0/1 timer/10 pins as either
timer output or general purpose I/O pins (each pin is configure independently)

* XIO_DIR_RG IOX control register, which is used to configure TM/XIO-0/1 pins as either general
purpose input or general purpose output pins, in case TM/X10-0/1 pins have been configured as
general purpose 1/0 pinsviaXIO_CNF_RG IOX control register (each pin is configure
independently)

« XIO_DATA RG IOX control register, which is used to write output data and read current status of
TM/XI0-0/1 pins, in case TM/XI10-0/1 pins have been configured as general purpose I/O pins
XIO_CNF_RG IOX control register (each pin is configure independently).

XIO_CNF_RG 10X control register must be used in order to configure TM/XIO-0/1 timer/IO pins as either
timer output or general purpose 1/0 pins.

XIO_CNF_RG 10X control register (r/w)

x 0 0 0 0 0 0 TM/XIO-1_CNF TM/XIO-0_CNF
MmO 10000 (r'w, 0+) (r/w, 0+)
(TORNADO-E5402 with HPI port disabled)

0

(1
(TORNADO-E5402 with HPI port enabled, and
TORNADO-E548/E549/E5409/E5410/E5416)

bits-15..8 Bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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Table 2-6. XIO_CNF_RG IOX control register.

register bit(s)

access
mode

value at
DSP reset

Description

TM/XIO-0_CNF

r/w

Configures TM/XI0-0 timer/IO pin.

TM/XI0-0_CNF =0 corresponds to the TM/X/O-0 pin configured as
general purpose I/O pin. Particular 1/0 configuration and data I/O value
shall be set via XIO-0_DIR bit of XIO_DIR_RG IOX control register and
XI10-0_DATA bit of XIO_DATA_RG IOX control register. This is default
setting on power on and DSP reset conditions.

TM/XIO-0_CNF =1 corresponds to the TM/X/O-0 pin configured as
TMS320C54x DSP on-chip TOUT timer output pin. Settings of X/O-
0_DIR bit of XIO_DIR_RG IOX control register and X/O-0_DATA bit of
XIO_DATA_RG 10X control register are ignored. Refer to original Tl
documentation for more details about programming TMS320C54x DSP
on-chip timer.

TM/XIO-1_CNF

r/w

Configures TM/XIO-1 timer/IO pin for TORNADO-E5402 DSP controller
with HPI disabled during DSP start-up via on-board SW2-3 switch (refer
to the corresponding subsection below). Otherwise, this bit can’t be set
via DSP software and always reads as ‘0.

TM/X10-1_CNF =0 corresponds to the TM/XIO-1 pin configured as
general purpose |/O pin. Particular I/0 configuration and data /O value
shall be set via XIO-1_DIR bit of XIO_DIR_RG IOX control register and
XIO-1_DATA bit of XIO_DATA_RG |I0X control register. This is default
setting on power on and DSP reset conditions for TORNADO-E5402
DSP controller with HPI disabled via SW2-3 on-board switch during DSP
start-up (refer to the corresponding subsection below) and is hardware
forced setting for TORNADO-E548/E549/E5409/E5410/E5416 DSP
controllers.

TM/X10-1_CNF =1 setting can be configured for TORNADO-E5402 DSP
controller only with HPI disabled during DSP start-up via on-board SW2-
3 switch (refer to the corresponding subsection below), and corresponds
to the TM/XIO-1 pin configured as TMS320C5402 DSP on-chip TOUT1
timer #1 output pin. TMS320VC5402 DSP on-chip timer #1 output
(TOUT1) must be enabled via bit TOUT1 of DSP on-chip GPCR register.
Settings of X/O-1_DIR bit of XIO_DIR_RG 10X control register and X/O-
1_DATA bit of XIO_DATA_RG IOX control register are ignored. Refer to
original TI documentation for more details about programming
TMS320C5402 DSP on-chip timer #1 output.

Notes:

1. Access modes: r/w — read/write; r — read-only; w — write only.

XIO_DIR_RG 10X control register must be used in order to configure TM/XIO-0/1 timer/IO pins as either
general purpose input or general purpose output pins in case TM/XI0-0/1 pins have been configured as general
purpose I/O pinsvia XIO_CNF_RG IOX control register.




Chapter 2. System Architecture and Construction 37

XIO_DIR_RG 10X control register (r/w)

X 0 0 0 0 0 0 XI0-1_DIR XI0-0_DIR
(r) (r) (r) (r) (r) (r) (r'w, 0+) (r'w, 0+)
bits-15..8 bit-7 bit-6 bit5 bit4 bit-3 bit2 bit-1 bit-0

Table 2-7. XIO_DIR_RG IOX control register.

register bit(s)

access value at Description
mode DSP reset

XI0-0_DIR

riw 0 Configures direction of TM/XIO-0 10 pin as either general purpose input
or general purpose output pin in case TM/XI0-0 pin has been configured
as general purpose /O pins via bit TM/XIO-0_CNF of XIO_CNF_RG IOX
control register (refer to table 2-6).

XI0-0_DIR =0 corresponds to the TM/XIO-0 pin configured as general
purpose input pin. TM/XI0-0 bit of XIO_CNF_RG IOX control register
must be set to ‘0’ in order to configure TM/X/O-0 pin as general purpose
I/O pin (refer to table 2-6). Current input state of TM/X/O-0 input pin can
be read via bit X/O-0_DATA of XIO_DATA_RG IOX control register (refer
to table 2-8). This is default setting on power on and DSP reset
conditions.

XI0-0_DIR =1 corresponds to the TM/XIO-0 pin configured as general
purpose output pin. TM/XI0-0 bit of XIO_CNF_RG IOX control register
must be set to ‘0’ in order to configure TM/X/O-0 pin as general purpose
I/O pin (refer to table 2-6). Current output state of TM/X/O-0 input pin can
be set via bit XIO-0_DATA of XIO_DATA_RG IOX control register (refer
to table 2-8).

XIO-1_DIR

riw 0 Configures direction of TM/XIO-1 10 pin as either general purpose input
or general purpose output pin in case TM/XIO-1 pin has been configured
as general purpose /O pins via bit TM/XIO-1_CNF of XIO_CNF_RG IOX
control register (refer to table 2-6).

XI0O-1_DIR =0 corresponds to the TM/XI/O-1 pin configured as general
purpose input pin. TM/XIO-1 bit of XIO_CNF_RG IOX control register
must be set to ‘0’ in order to configure TM/X/O-1 pin as general purpose
I/O pin (refer to table 2-6). Current input state of TM/X/O-1 input pin can
be read via bit X/O-1_DATA of XIO_DATA_RG IOX control register (refer
to table 2-8). This is default setting on power on and DSP reset
conditions.

XI0O-1_DIR =1 corresponds to the TM/XIO-1 pin configured as general
purpose output pin. TM/XIO-1 bit of XIO_CNF_RG IOX control register
must be set to ‘0’ in order to configure TM/X/O-1 pin as general purpose
I/O pin (refer to table 2-6). Current output state of TM/X/O-1 input pin can
be set via bit XIO-1_DATA of XIO_DATA_RG IOX control register (refer
to table 2-8).

Notes:

1. Access modes: r/w — read/write; r — read-only; w — write only.
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XIO_DATA_RG 10X control register must be used in order to write output state and read current state for
TM/X10-0/1 timer/10O pins in case they have been configured as general purpose I/O pins via XIO_CNF_RG
|OX control register.

XIO_DATA_RG |0X control register (r/w)

X 0 0 0 0 0 0 XIO-1_DATA | XIO-0_DATA
(r) (r) (r) (r) (r) (r) (r'w, 0+) (r'w, 0+)
bits-15..8 bit-7 bit-6 bit5 bit4 bit-3 bit2 bit-1 bit0

Table 2-8. XIO_DATA_RG IOX control register.

register bit(s)

access value at Description
mode DSP reset

XIO-0_DATA

riw - Sets output state and returns current state of TM/X/O-0 IO pin in case
(r) TM/X10-0 pin has been configured as general purpose /O pins via bit
TM/X10-0_CNF of XIO_CNF_RG 10X control register (refer to table 2-6).
0
(w) XI10-0_DATA=0 during write operation corresponds to the ‘0’ output state

of TM/XI0-0 pin, in case it has been configured as general purpose
output pin via bit XIO-0_DIR of XIO_DIR_RG 10X control register (refer
to table 2-7). XIO-0_DATA=0 during read operation corresponds to the
‘0’ current 1/O state of TM/XIO-0 pin not regarding whether it has been
configured as general purpose output or input pin via bit X/O-0_DIR of
XIO_DIR_RG 10X control register. In case TM/XIO-0 pin is configured as
general purpose input pin, then writes to bit X/IO-0_DATA will be ignored,
however data written will be stored upon TM/X/O-0 pin will be configured
as general purpose output pin. TM/XI0-0 bit of XIO_CNF_RG 10X
control register must be set to ‘0’ in order to configure TM/X/0-0 pin as
general purpose |/O pin (refer to table 2-6). This is default write setting
on power on and DSP reset conditions.

XI10-0_DATA=1 during write operation corresponds to the ‘1’ output state
of TM/XI0-0 pin, in case it has been configured as general purpose
output pin via bit XIO-0_DIR of XIO_DIR_RG 10X control register (refer
to table 2-7). XIO-0_DATA=1 during read operation corresponds to the
‘1’ current 1/O state of TM/XIO-0 pin not regarding whether it has been
configured as general purpose output or input pin via bit X/O-0_DIR of
XIO_DIR_RG 10X control register. In case TM/XIO-0 pin is configured as
general purpose input pin, then writes to bit X/O-0_DATA will be ignored,
however data written will be stored upon TM/X/O-0 pin will be configured
as general purpose output pin. TM/XI0-0 bit of XIO_CNF_RG 10X
control register must be set to ‘0’ in order to configure TM/X/0-0 pin as
general purpose |/O pin (refer to table 2-6).
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XIO-1_DATA riw - Sets output state and returns current state of TM/X/O-1 IO pin in case
()] TM/XIO-1 pin has been configured as general purpose I/O pins via bit
TM/XIO-1_CNF of XIO_CNF_RG 10X control register (refer to table 2-6).

(w) XI0O-1_DATA=0 during write operation corresponds to the ‘0’ output state
of TM/XIO-1 pin, in case it has been configured as general purpose
output pin via bit XIO-1_DIR of XIO_DIR_RG 10X control register (refer
to table 2-7). XIO-1_DATA=0 during read operation corresponds to the
‘0’ current 1/O state of TM/XI/O-1 pin not regarding whether it has been
configured as general purpose output or input pin via bit X/O-1_DIR of
XIO_DIR_RG IOX control register. In case TM/XIO-1 pin is configured as
general purpose input pin, then writes to bit X/O-1_DATA will be ignored,
however data written will be stored upon TM/X/O-1 pin will be configured
as general purpose output pin. TM/XIO-1 bit of XIO_CNF_RG 10X
control register must be set to ‘0’ in order to configure TM/XIO-1 pin as
general purpose I/O pin (refer to table 2-6). This is default write setting
on power on and DSP reset conditions.

XI0O-1_DATA=1 during write operation corresponds to the ‘1’ output state
of TM/XIO-1 pin, in case it has been configured as general purpose
output pin via bit XIO-1_DIR of XIO_DIR_RG 10X control register (refer
to table 2-7). XIO-1_DATA=1 during read operation corresponds to the
‘1’ current 1/O state of TM/XI/O-1 pin not regarding whether it has been
configured as general purpose output or input pin via bit X/O-1_DIR of
XIO_DIR_RG IOX control register. In case TM/XIO-1 pin is configured as
general purpose input pin, then writes to bit X/O-1_DATA will be ignored,
however data written will be stored upon TM/X/O-1 pin will be configured
as general purpose output pin. TM/XIO-1 bit of XIO_CNF_RG 10X
control register must be set to ‘0’ in order to configure TM/XIO-1 pin as
general purpose I/O pin (refer to table 2-6).

Notes: 1. Access modes: r/w — read/write; r — read-only; w — write only.

reset signals control for SIOX rev.B/C, MXSIOX and PIOX-16 expansion interface sites

TORNADO-E54x DSP controllers support generation of individual reset signals for on-board SIOX rev.B/C,
MXSIOX and PIOX-16 expansion interface sites. This alows correct initiaization of installed DCM hardware
and synchronization with the DSP software.

Individual reset signals for on-board SIOX rev.B/C, MXSIOX and PIOX-16 DCM sites are controlled via
PXSX_RESET_RG 10X control register (refer to table 2-3 for addressing details).

PXSX_RESET_RG IOX control register (r/w)

X 0 0 0 0 0 SX-B_RESET SX-A_ RESET | PX RESET
(n () () (n (n (r’'w, 0+) (r’'w, 0+) (r’'w, 0+)
(TORNADO-E548/E549/E5409/E5410/E5416)
0
(r)
(TORNADO-E5402)
bit-15.bit-8  bit-  bit-  bit-  bit-  bit- bit-2 bit-1 bit-0

7 6 5 4 3
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Table 2-9. PXSX _RESET_RG 10X control register.

register bit(s) access value at Description
mode DSP reset
PX_RESET riw 0 Controls reset signal for on-board PIOX-16 DCM site. For more details

about on-board PIOX-16 DCM site refer to the corresponding section
later in this chapter.

PIOX16_RESET =0 corresponds to active reset signal for PIOX-16 DCM
site. This is default setting on power on and DSP reset conditions.

PIOX16_RESET =1 corresponds to released reset signal for PIOX-16
DCM site.

SX-A_RESET riw 0 Controls reset signal for on-board SIOX rev.B and SIOX rev.C I/0O DCM
sites. Both SIOX rev.B and SIOX rev.C on-board DCM sites share
common reset signal. For more details about on-board SIOX DCM sites
refer to the corresponding section later in this chapter.

SIOX-A_RESET =0 corresponds to active reset signal for both SIOX
rev.B and SIOX rev.C DCM sites. This is default setting on power on and
DSP reset conditions.

SIOX-A_RESET =1 corresponds to released reset signal for both SIOX
rev.B and SIOX rev.C DCM sites.

SX-B_RESET riw 0 Controls reset signal for on-board MXSIOX connector for connection to
external T/SU-X1 SIOX rev.B mini-extender kit. This bit is valid for
TORNADO-E548/E549/E509/E5410/E5416 DSP controllers only with
three DSP on-chip BSP/TDM/McBSP serial ports and does not present
for TORNADO-E5402 DSP controller. For more details about MXSIOX
connector and T/SU-X1 SIOX rev.B mini-extender kit refer to the
corresponding section later in this chapter and to Appendix B.

SIOX-B_RESET =0 corresponds to active reset signal for on-board
MXSIOX connector for connection to external T/SU-X1 SIOX rev.B mini-
extender kit. This is default setting on power on and DSP reset
conditions.

SIOX-A_RESET =1 corresponds to released reset signal for on-board
MXSIOX connector for connection to external T/SU-X71 SIOX rev.B mini-
extender kit.

Notes: 1. Access modes: r/w — read/write; r — read-only; w — write only.

TMS320C54x DSP external interrupt requests

TORNADO-E54x DSP controllers provide software configurable selectors of interrupt request source for each
of TMS320C54x DSP external interrupt requests (INTO..3 and NMI). This delivers flexible DSP software
controlled mapping of multiple on-board interrupt sources to alimited number of external DSP reset inputs.

Each of TMS320C54x DSP external interrupt requests (INTO0..3 and NMI) can be configured to generate the
corresponding DSP interrupt request from the following TORNADO-E54x on-board interrupt request sources:
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«  SX_IRQ-0, SX_IRQ-1, SX_IRQ-2 interrupt requests from on-board SIOX rev.B, SIOX rev.C DCM
sitesand MXSIOX connector for external T/SU-X7 SIOX rev.B mini-extender kit (refer to the
corresponding section later in this chapter for more details)

*  PX_IRQ-0, PX_IRQ-1 interrupt requests from on-board PIOX-16 DCM site (refer to the
corresponding section later in this chapter for more details)

e USART interrupt request output

»  USB device controller interrupt request output

e WDT expiration condition.

CAUTION

Time duration of active interrupt request signal must be larger than two periods of external bus
clock (CLKOUT) of TORNADO-E54x on-board DSP.

For more information about TM S320C54x interrupts refer to original Tl datasheets and user’s
guides for TM S320C54x DSP, which are supplied in either paper or electronic form together
with this manual.

CAUTION

TORNADO-E54x on-board USART (Infineon SAB82532) and USB controller (Agere
Systems USS-820/825) chips shall be configured by DSP software to generate active low
output interrupt requests.

TORNADO-E54x on-board interrupt request source selectors for INTO, INT1, INT2, INT3 and NMI
TMS320C54x DSP external interrupt requests can be configured via MIRQO_SEL _RG, MIRQ1_SEL_RG,
MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG 10X control registers correspondingly (refer to
table 2-3 for addressing details).

MIRQO_SEL_RG 10X control register (r/w)

X 0 0 0 0 MIRQO_SEL-3 | MIRQO_SEL-2 | MIRQO_SEL-1 MIRQO_SEL-0
(r) (r) (r) (r) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)

bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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MIRQ1_SEL_RG IOX control register (r/w)

0 0 0 0 MIRQ1_SEL-3 MIRQ1_SEL-2 MIRQ1_SEL-1 MIRQ1_SEL-0
(n () (n () (r’'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
MIRQ2_SEL_RG 10X control register (r/w)
0 0 0 0 MIRQ2_SEL-3 MIRQ2_SEL-2 MIRQ2_SEL-1 MIRQ2_SEL-0
(r) (r) (r) (r) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
MIRQ3_SEL_RG 10X control register (r/w)
0 0 0 0 MIRQ3_SEL-3 MIRQ3_SEL-2 MIRQ3_SEL-1 MIRQ3_SEL-0
(n () (n () (r’'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
MNMI_SEL_RG IOX control register (r/w)
0 0 0 0 MNMI_SEL-3 MNMI_SEL-2 MNMI_SEL-1 MNMI_SEL-0
(r) (r) (r) (r) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bits-15..8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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Table 2-10. MIRQO_SEL_RG, MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG and
MNMI_SEL RG IOX control registers.

register bit(s) access value at description
mode DSP reset
{MIRQO_SEL-3..0} riw {0,0,0,0} Select interrupt request source for the corresponding TMS320C54x DSP

{MIRQ1_SEL-3..0}
{MIRQ2_SEL-3..0}
{MIRQ2_SEL-3..0}
{MNMI_SEL-3..0}

[0,0,0,0] -
[0,0,0,1] -
[0,0,1,0] -
[0,0,1,1] -
[0,1,0,0] -
[0,1,0,1] -
[0,1,1,0] -

[0,1,1,1] -
[1,0,0,0] -

condition)

external interrupt request input.

The following valid configurations are available:
no interrupt request source (default setting on DSP reset

USART_IRQ USART interrupt request (must be configured

as pushed-pulled active low interrupt request output)

USB_IRQQ USB controller interrupt request (must be

configured as active low interrupt request output)

MXSIOX

MXSIOX

connector

connector

interrupt on WDT expiration event
SX_IRQ-0 interrupt request from SIOX rev.B/C DCM sites
SX_IRQ-1 interrupt request from SIOX rev.B DCM site and

SX_IRQ-2 interrupt request from SIOX rev.B DCM site and

PX_IRQ-0 interrupt request from PIOX-16 DCM site
PX_IRQ-1 interrupt request from PIOX-16 DCM site.

Not shown configurations are reserved and are not recommended for
usage.

Note:

XDMP_RG IOX control register for DSP external data memory control

1. Access modes: r/w — read/write; r — read-only; w — write only.

XDMP_RG 10X control register (refer to table 2-3 for addressing details) must be used by on-board
TMS320C54x DSP software in order to select memory type for DSP external data memory area (data SRAM or
FLASH/EPROM), and to select particular data memory page of either data SRAM or FLASH/EPROM memory,
which will be mapped to DSP external data memory address space (refer to figure 2-3 and to the corresponding

subsections earlier).

XDMP_RG 10X control register (r/w)

X XDM_SEL
(/w)

0
("

0
(r)

XDM_PAGE-4
(r/w, 0+)

XDM_PAGE-3
(r/w, 0+)

XDM_PAGE-2
(r/w, 0+)

XDM_PAGE-1
(r/w, 0+)

XDM_PAGE-0
(r/w, 0+)

bits 15..8 bit-7

bit-
6

bit-
5

bit-4

bit-3

bit-2

bit-1

bit-0
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Table 2-11. XDMP_RG 10X register.

value
at DSP reset

register bit(s) access Description

mode

XDMEM_SEL riw 0
(for MP/NO-BMODE
MC /HPI-BMODE
bootmodes)

Defines on-board memory type (external data SRAM or
FLASH/EPROM), which is selected as external data
memory for on-board TMS320C54x DSP. TMS320VC5410
and TMS320VC5416 DSP of TORNADO-E5410/E5416
DSP controllers correspondingly also require that bit DROM
1 of DSP on-chip PMST register must be set to the DROM=0

(for MC/FLASHS- state.
BMODE bootmode)
XDMEM_SEL =0 corresponds to on-board external data
SRAM is selected as external data memory. This is default
setting for MP/NO-BMODE and MC/HPI-BMODE
bootmodes.

XDMEM_SEL =1 corresponds to on-board FLASH/EPROM
is selected as external data memory. This is default setting
for MC/FLASH8I-BMODE bootmode.

Selects particular external data memory page of selected
on-board external data memory, which is mapped to the
DSP external data memory address space. TMS320VC5410
and TMS320VC5416 DSP of TORNADO-E5410/E5416
DSP controllers correspondingly also require that bit DROM
of DSP on-chip PMST register must be set to the DROM=0
state. Number of external data memory pages varies upon
the TMS320C54x DSP type (refer to figure 2-3 and original
TI documentation for more details) and capacity of installed
FLASH/EPROM chip.

{XDM_PAGE-4..0} riw {0,0,0,0,0}

Note: 1. Access modes: r/w — read/write; r — read-only; w — write only.

DEV_ID_RG IOX control register for software identification of TORNADO-E54x DSP controllers

On-board DSP software of TORNADO-E54x DSP controllers can read DSP controller type (device ID) and
revision code (revision ID) via read-only DEV _ID_RG 10X control register (refer to table 2-3 for addressing
details). This alows DSP software to automatically configure DSP environment and DSP on-chip wait state
control and PLL control registers upon the particular DSP installed.

DEV_ID_RG 10X control register (r)

0
(r)

REV_ID-2
(

REV_ID-1
(]

REV_ID-0
(]

0
(r)

DEV_ID-2
(r)

DEV_ID-1
(r)

DEV_ID-0
(]

bit-15...bit-8

Bit-7

bit-6

bit-5

bit-4

bit-3

bit-2

bit-1

bit-0
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Table 2-12. DEV _ID _RG I0X control register.

register bit(s)

access
mode

Description

{DEV_ID-2..0}

Returns device ID code for TORNADO-E54x DSP controllers as the
following:

[0,0,1] - TORNADO-E548

[0,1,0] - TORNADO-E549

[0,1,1] - TORNADO-E5402

[1,0,0] - TORNADO-E5409

[1,0,1] - TORNADO-E5410

[1,1,0] - TORNADO-E5416

Unlisted device ID codes are reserved.

{REV_ID-2..0}

Returns hardware revision ID code for TORNADO-E54x DSP controllers
as the following:
[0,0,1] - revision 1

Unlisted revision ID codes are reserved.

Note: 1. Access modes: r/w — read/write; r — read-only; w — write only.

SYS_STAT_RG IOX control register for information about DSP start-up mode

On-board DSP software of TORNADO-E54x DSP controllers can read latched DSP start-up boot mode and
HPI enable status information via read-only SYS_STAT_RG IOX control register (refer to table 2-3 for
addressing details). This allows DSP software to automatically configure DSP environment and to recognize

DSP memory map.
SYS_STAT_RG IOX control register (r)
X 0 0 0 0 HPI_ENABLE 0 BMODE-1 BMODE-0
(n (n (n (r (n (n (n (n
(TORNADO-E5402/E5409/E5416)
1
(r)
(TORNADO-E548/E549/E5410)
bit-15..bit-8  Bit-7  bit6  bit5  bit4 bit-3  bit-2 bit-1 bit-0
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CAUTION

BMODE-0, BMODE-1 and HPI_ENABLE read-only bitsof SYS_STAT_RG 10X control
register are latched on release of DSP reset signal and will not change during DSP is running
until new active DSP reset signal will be applied.

Table 2-13. SYS_STAT_RG 10X control register.

register bit(s) access Description
mode

{BMODE-1,BMODE-0} r Returns latched DSP start-up bootmode as the following (refer to table 2-
1 for details about bootmodes configurations):
[0,0] - DSP microprocessor mode, no boot (MP/NO-BMODE)
[0,1] - DSP microcontroller mode, boot from 8-bit FLASH/EPROM
(MC/FLASH8-BMODE)
[1,0] - DSP microcontroller mode, boot from DSP on-chip HPI port
(MC/HPI-BMODE)
[1,1] - reserved, currently corresponds to DSP microprocessor mode,
no boot (MP/NO-BMODE).

HPI_ENABLE r Returns latched HPI enable status for TORNADO-E5402/E5409/E5416
DSP controllers with DSP on-chip enhanced HPI8 port, which is defined
by on-board SW2-3 switch (refer to the corresponding subsection later in
this chapter and Appendix A). TORNADO-E5402/E5409/E5416 DSP
controllers always read this bit as ‘1'.

HPI_ENABLE=0 corresponds to disabled HPI port for TORNADO-
E5402/E5409/E5416 DSP controllers, which has been disabled by
setting on-board SW2-3 switch to the ‘ON’ state. In case DSP on-chip
HPI port has been disabled, then HPI data bits at on-board JP7
connector can be used as general purpose |/O pins (refer to the
corresponding subsection later and to original TI documentation for more
details). Also, In case HPI port has been disabled for TORNADO-E5402
on-board TMS320VC5402 DSP, then DSP of on-chip timer #1 can be
routed to TM/XIO-1 timer/IO pin of SIOX, MXSIOX and PIOX-16 DCM
sites via TM/XIO-1_CNF bit of XIO_CNF_RG 10X control register (refer
to table 2-6, the corresponding subsection earlier, and to original Tl
documentation for more details).

HPI_ENABLE=1 corresponds to enabled HPI port for TORNADO-
E5402/E5409/E5416 DSP controllers, which has been enabled by setting
on-board SW2-3 switch to the ‘OFF’ state. In case DSP on-chip HPI port
has been enabled, then it can be used as 8-bit enhanced HPI port only
(HPI8 port). TORNADO-E5402/E5409/E5416 DSP controllers always
read HP|_ENABLE bit as ‘1".

Note: 1. Access modes: r/w — read/write; r — read-only; w — write only.
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On-board connector for TMS320C54x DSP on-chip HPI port

TORNADO-E54x DSP controllers provide on-board JP7 HPI port connector (figures 2-2, A-1, and 2-4), which
comprises of signals for TM S320C54x DSP on-chip 8-bit HPI port.

Pinout for on-board JP7 HPI connector is shown at figure 2-4 and signal description is presented in table 2-14.
All signal names for signals from the HPI connector correspond to that for TI TM S320C54x DSP datasheets.

N
©

GND
GND
GND
GND
GND
GND
GND
GND

= =2 I NN N
[~ O = |»@ o N

|f.¢U'|

HD6
HD4
HD2
HDO

Fig.2-4. Pinout for on-board HPI port connector.

CAUTION

TMS320C54x DSP on-chip HPI port on TORNADO-E54x DSP controller is configured with
active HCS host chip select input (HCS=0) and HAS host address strobe input set to the ‘1’
state. This enables HRDY host ready output and requires HDS host data strobe only, while
HHWIL/HCNTRLO/HCNTRL1 HPI port inputs can be connected to host controller address
lines.
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Table 2-14. TMS320C54x DSP HPI port connector signals.

Signal name Signal Description
type
HDO..HD7 1/10/1Z HPI data bus.
HBIL | HPI register selector address inputs.
HCNTLO
HCNTL1 HBIL, HCNTLO and HCNTL1 HPI port inputs shall be connected to host controller

A0, A1 and A2 address lines correspondingly.

HDS Active low HPI data strobe. This input has on-board pull-up resistor.
HWE HPI data write enable input. This input has on-board pull-up resistor.
HRDY O Active low HPI data ready output.
HINT O Active low HPI-to-host interrupt request output.
XRESET O Active low external reset input for on-board DSP and peripherals.
GND - Ground.
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 3v/5v TTL signals.

All HPI port signals are 3v/5v TTL compatible and allow output current load as much as lout=1.5mA. Note, that
HDS and HR/W inputs have on-board pull up resistors and allow to leave the HPI connector unconnected in
case TMS320C54x DSP HPI port is not used.

TORNADO-E54x on-board HPI port connector is 30-pin 2mm guarded male header from Samtec Inc.
(www.samtec.com). The mating plug is Samtec TCSD-15-01-N female plug for 2mm 30-wire flat cable, which is
included as standard option with TORNADO-E54x controller. Extra HPI connector plugs are available either
from Samtec or from MicroLAB Systems upon request.

TMS320C54x DSP on-chip HPI port options

There are several options when using TM S320C54x DSP on-chip HPI port for different TORNADO-E54x DSP
controllers:

e All TORNADO-E54x DSP controllers can use TM S320C54x DSP on-chip 8-hit HPI port for
connection to host controller (refer to the corresponding subsection below). There are no other options
available for TORNADO-E548/E549/E5410 DSP controllers. This option is applicable to
TORNADO-E5402/E5409/E5416 DSP controllersin case DSP on-chip HPI port has been enabled
viaon-board SW2-3 switch (table 2-15).

»  TORNADO-E5402/E5409/E5416 DSP controllers can also disable TM S320C54x DSP on-chip HPI
port via on-board SW2-3 switch, and use eight HPI data lines (HDO..HD7) as genera purpose I/O pins.
Thisincreases total number of TORNADO-E5402/E5409/E5416 on-board general purpose 1/0 lines
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to 16 including USART on-chip D/O-0..7 /O data pins (refer to the corresponding section later in this

chapter for more details).

e Finaly, TORNADO-E5402 DSP controllers with TM S320V C5402 DSP can reconfigure HINT output
pin of HPI port to appear as DSP on-chip timer #1, and to configure timer #1 output to appear at the

TM/XI10-1 timer/10 pin of on-board SIOX rev.B/C, MXSIOX and PIOX-16 DCM sites, in case

TMS320V C5402 DSP on-chip HPI port has been disabled via on-board SW2-3 switch. Thisincreases

total number of TM S320V C5402 DSP on-chip timers to two against one timer for each other

TMS320C54x DSP. For more details refer to the corresponding subsection earlier and to original Tl

documentation.

disable control for TMS320C54x DSP on-chip HPI port for TORNADO-E5402/E5409/E5416

TORNADO-E5402/E5409/E5416 DSP controllers provide on-board SW2-3 switch (refer to figures 2-2 and
A-1) in order to disable TM S320C54x DSP on-chip HPI port.

Table 2-15. HPI port disable control for TORNADO-E5402/E5409/E5416 DSP controllers.

SW2-3
switch

Description

OFF

TMS320C54x DSP on-chip 8-bit HPI port for TORNADO-
E5402/E5409/E5416 DSP controllers is enabled.

On-board JP7 connector can be used for communication with host
controller. All TMS320C54x DSP HPI features are supported, including
mutual interrupt generation between host controller and TMS320C54x
DSP.

ON

TMS320C54x DSP on-chip 8-bit HPI port for TORNADO-
E5402/E5409/E5416 DSP controllers is disabled.

HDO..HD7 data pins of JP7 connector (figure 2-4) can be used as
general purpose |/O pins configured via DSP on-chip GPCR and GPSR
registers (refer to original TI documentation for more details).

TORNADO-E5402 DSP controllers can also reconfigure HINT output pin
of HPI port to appear as DSP on-chip timer #1 (via bit TOUT1 of DSP on-
chip GPCR register), and to configure timer #1 output to appear at the
TM/XIO-1 timer/IO pin of on-board SIOX rev.B/C, MXSIOX and PIOX-16
DCM sites (via bit TM/XIO-1_CNF of XIO_CNF_RG IOX register). For
more details refer to the corresponding subsection earlier and to original
TI documentation.

Note:

1. Highlighted configuration corresponds to default factory setting.



50 TORNADO-E54x.  User’s Guide.

CAUTION

Refer to original Tl documentation for details about how to use HPI port as general purpose
1/O pins and how to enable TM S320V C5402 DSP on-chip timer #1.

CAUTION

TMS320C54x DSP on-chip HPI port for TORNADO-E548/E549/E5410 DSP controllersis
always enabled and cannot be disabled.

Using TMS320C54x DSP on-chip HPI port for connection to host controller

All TORNADO-E54x DSP controllers offer direct access from host controller to TMS320C54x on-chip 8-bit
HPI port via on-board JP7 connector (figure 2-3 and table 2-14). For TORNADO-E54x DSP controllers this
feature requires that DSP on-chip HPI port is enabled via on-board SW2-3 switch (table 2-15).

All TMS320C54x DSP HPI features are supported, including mutual interrupt generation between host
controller and TM S320C54x DSP.

CAUTION
TMS320V C5409/TM S320V C5416 DSP on-chip HPI port at TORNADO-E5409/E5416
DSP controllersis configured in HPI8 mode.

Refer to original TI documentation for details about how to program TM S320C54x DSP on-
chip HPI port.

Generating DSP-to-Host Interrupt Request

TORNADO-E54x supports generation of HPI-to-host interrupt request from the on-board TM S320C54x DSP to
host computer via HPI port (HINT signal at the HPI port connector JP7) in order to synchronize between
program execution in host and on-board DSP environments.

Writing logical ‘1’ by the DSP software to bit HINT of TMS320C54x DSP on-chip HPIC register will result in
generation of low level HINT signal at the HPI port connector JP7. This signal level is active for generation of
DSP-to-host interrupt request. Refer to TM S320C54x documentation for more details about for how to program
the HPI port.
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Processing Requests from Host Computer

TORNADO-E54x supports processing of host-to-HPI interrupt request (DSPINT) from host computer to
TMS320C54x DSP via HPI in order to synchronize between the program execution in host and on-board DSP
environments.

Writing logical ‘1’ by the host software to the DSPINT bit (host-to-DSP interrupt via HPI) of HPIC register will
result in generation HPINT DSP on-chip interrupt request from HPI port. User software for the TM S320C54x
DSP should provide processing of HPINT interrupt request in accordance with software requirements. Refer to
TMS320C54x documentation for more details about for how to program the HPI port.

PIOX-16 DCM site

TORNADO-E54x controller provides on-board JP14 PIOX-16 (parallel 1/0 expansion interface) DCM site
header (refer to figure 2-2 and A-1) for compatible high-speed AD/DA/DIO DCM.

PIOX-16 interface occupies 64Kx16 address space and is alocated directly into external 1/0 address space of
TMS320C54x DSP and can be accessed via DSP 1/0 read/write instructions in case DSP XF flag is set to the 'O’
state (refer to table 2-3).

PIOX-16 site comprises of the TMS320C54x DSP 16-bit data and 16-bit address buses, data strobes, timer/10
TM/XI0O-0/1 I/O pins, IRQ-0/1 external interrupt requests, and £5v/+12v power supply lines. For details about
PIOX-16 site refer to the corresponding section later in this chapter.

SIOX rev.B DCM site

TORNADO-E54x provides on-board JP5 SIOX (serial 1/0O expansion interface) rev.B DCM site header (refer
to figure 2-2 and A-1) for compatible TORNADO SIOX rev.B AD/DA/DIO DCM.

SIOX rev.B interface site comprises of signals for two TMS320C54x DSP-on-chip serial ports, timer/1O
TM/XI0-0/11/0 pins, IRQ-0..2 external interrupt requests, and £5v/+12v power supply lines.

For more details about SIOX rev.B interface site refer to the corresponding section later in this chapter.

SIOX rev.C enhanced DCM site

TORNADO-E54x also provides on-board JP6 SIOX rev.C DCM site header (refer to figure 2-2 and A-1) for
compatible TORNADO SIOX rev.C AD/DA/DIO DCM.

SIOX rev.C interface site is an enhanced version of SIOX rev.B interface site and comprises of signals for two
TMS320C54x DSP-on-chip seria ports, timer/lO TM/XI0-0/1 1/0 pins, IRQ-0 externa interrupt requests, 8-bit
DSP paralléd databus, 6-bit DSP address lines, parallel data strobes, and +5v/+12v power supply lines.

8-bit parallel data bus area of SIOX rev.C interface site is allocated directly into external 1/0O address space of
TMS320C54x DSP and can be accessed via DSP 1/O read/write instructionsin case DSP XF flagissetto the ‘' 1’
state (refer to table 2-3).

For more details about SIOX rev.C interface site refer to the corresponding section later in this chapter.



52 TORNADO-E54x.  User’s Guide.

MXSIOX connector for external T/SU-X1 SIOX rev.B mini-extender kit

TORNADQO-E548/E549/E5409/E5410/E5416 DSP controllers with three DSP on-chip BSP/TDM/McBSP
seria ports provide on-board JP16 MXSIOX connector (refer to figure 2-2 and A-1) for connection to external
T/SU-X1 SIOX rev.B mini-extender kit, which can carry one compatible TORNADO SIOX rev.B AD/DA/DIO
DCM.

MXSIOX connector comprises of signals for two TM S320C54x DSP-on-chip serial ports, timer/|O TM/X10-0/1
1/0 pins, IRQ-1..2 external interrupt requests, and +5v/+12v power supply lines.

For more details about MXSIOX connector refer to the corresponding section later in this chapter and to
Appendix B.

external reset input connector

TORNADO-E54x on-board JP2 external reset input connector (refer to figures 2-2 and A-1) must be used in
order to apply active low XRESET external reset signal. XRESET external reset signal must be 3v/5v TTL
compatible external digital output signal.

P2 ) e ‘ TORNADO-E54x

External . GND :h | Mainboard
RESET XRESET \ -

Connector

Fig. 2-5. Pinout of external reset input connector for TORNADO-E54x.

TORNADO-E54x on-board JP2 external reset input connector is the industry standard 2-pin 0.1” pitch dual-row
right-angle male header. Compatible 2-pin female plug is available from a variety of vendors including AMP,
Molex, etc..

external power input connector

TORNADO-E54x on-board JP1 external power connector (refer to fig.2-2 and fig.A-1) comprises of the £5v
and +12v power lines. Note, that only +5v power source is required for operation of on-board TORNADO-
E54x hardware. Other power lines (-5v and £12v) are wired to on-boar PIOX-16 and SIOX sites.

GND
GND
+12v
-12v
-5v
+5v
+5v

Fig. 2-6. Pinout of power input connector for TORNADO-E54x.
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TORNADO-E54x on-board JP1 external power connector is the industry standard 7-pin 0.1" pitch single-row
right-angle male power header, which is available from a variety of vendors including AMP, Molex, etc. One
piece of mating power plug is included with TORNADO-E54x shipment package Extra power plugs are
available either from MicroLAB Systems upon request, or from AMP, Molex and other manufacturers.

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

TORNADO-E54x architecture provides expansion of on-board /O resources using 16-bit paralel /O
expansion interface (PIOX-16) site for compatible DCM, which must be installed above the TORNADO-E54x
mainboard (refer to fig.1-1 and fig.2-7).

A variety of ‘of-the-shelf” TORNADO PIOX-16 DCM comprises of AD/DA/DIO, application-specific and DSP
coprocessor DCM for real time multi-channel high-speed telecom, instrumentation, industrial, digital radio, etc
signal processing applications.

Description

TORNADO-E54x on-board JP14 PIOX-16 DCM site appears as 64Kx16 1/0O address space and is allocated
directly into external 1/O address space of TMS320C54x DSP (refer to table 2-3). PIOX-16 interface site
comprises of the TMS320C54x DSP 16-bit data and 16-bit address buses, data strobes, timer/IO TM/XI0-0/1
1/0 pins, PX_IRQ-0/1 external interrupt requests, and +5v/+12v power supply lines. PIOX-16 supports 16-bit
data transfer cycles.

Installation of PIOX-16 DCM onto TORNADO-E54x
Figure 2-7 shows installation of PIOX-16 DCM onto TORNADO-E54x DSP controller.

TORNADO-E5dx

PIOX-18
Mainboard

DCmM

Fig.2-7. Installation of PIOX-16 DCM onto TORNADO-E54x.

Accessing PIOX-16 from TMS320C54x DSP environment

TORNADO-E54x on-board PIOX-16 DCM site can be accessed via DSP 1/O read/write instructions in case
DSP XFflagissettothe ‘0’ state (refer to table 2-3).
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PIOX-16 connector pinout

TORNADO-E54x on-board PIOX-16 connector p/n is DHB-RB50-S13NN, which is a high-density 50-pin
DHB-series dual-row female connector with 0.05” pin pitch from Fujikura-DDK Ltd (www.ddkconnectors.com).
Compatible PIOX-16 plug is DHB-PK50-S13NN, which are available upon request from MicroLAB Systems
for design custom PIOX-16 DCM.

PIOX-16 DCM site connector pinout is shown at fig 2-8, whereas signal specifications are presented in table 2-
16.

D

+5v ] 2 +5v
Al4 =2 A A15
Af2 =2 S a13
A10 —L 8 _ a1t
A8 =2 10 a9
e 1 12
PYRRE 14
RT 16
2o L 18
D14 =2 20_ 15
p12 =2 22_ 3
D10 =23 24 by
g 25 26 0o
6 2L 28
D4 22 30 e
Do 31 2
Do 33 Y I
GND = 38 onp
PX_STB =L 38 Th/xIOF-0
PX_WE =2 20 1xi0F-1
PX_READY i; ﬁ PX IRQO
PX RESET e o PX_IRQ-1
5y AL 48
-12v 49 50, +12v

Fig.2-8. PIOX-16 DCM site connector pinout (top view).
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Table 2-16. PIOX-16 DCM site signal description.

Signal name signal description
type
Parallel Data Buss
A0..A15 (0] DSP address bus.
DO0..D15 110 DSP data bus.
m O Active low data transfer strobe.
PX_WE (0] Active low write enable signal.
PX READY Active low data ready signal, which must be generated by PIOX-16 DCM in order to
- complete PIOX-16 data transfer cycle. This input has on-board pull-up resistor.
Refer to figure 2-9 for more details.
Timer/IO, Reset and Interrupt Requests
TM/XIO-0 1/10/1Z Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer output, or general purpose |/O pin (refer to section 2.2
and tables 2-6, 2-7 and 2-8).
TM/XIO-1 1/10/1Z Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer #1 output (TORNADO-E5402 only), or general purpose /O
pin (refer to section 2.2 and tables 2-6, 2-7 and 2-8).
PX RESET (6] Active low reset signal for on-board PIOX-16 DCM site, which is controlled via
- PX_RESET bit of PXSX_RESET_RG IOX control register (refer to table 2-9 and
section 2.2).
PX IRQ-0 Active low interrupt requests from PIOX-16 DCM site to on-board TMS320C54x
- ’ DSP, which can be configured by MIRQO_SEL_RG, MIRQ1_SEL_RG,
PX_IRQ-1 MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG IOX control registers to be
routed to any of DSP external interrupt inputs (INTO..3 and NMI). Refer to section 2-
2 and table 2-10 for more details. Actual DSP interrupt request is generated on the
falling edge of these interrupt request inputs. These interrupt request inputs have
on-board pull-up resistors.
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Power Supplies
GND Ground.
+5v +5v power (from on-board JP1 power input connector).
+12v +12v power (from on-board JP1 power input connector).
-5v -5v power (from on-board JP1 power input connector).
-12v -12v power (from on-board JP1 power input connector).
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 3v/5v 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 not
contain the cycle definition signals.

Data transfer timing for PIOX-16

The PIOX-16 data transfer timing is presented at figure 2-9. This data transfer timing is known as MOTO mode
and assumes usage of data strobe signal and write enable signal. Different TORNADO-E54x DSP controllers
provide different timing for parallel datatransfer via PIOX-16 DCM site.

<« 25nsmin____3J

<« 10ns min_

40ns min > 5
10ns | e > & [« 10ns |
PX_STB /
P 5ns
PX_WE -
PIOX Address [0..15] X
PIOX Data [0.15] NN | .
PX_READY
/O READ /0 WRITE

Fig.2-9a. Timing diagram for PIOX-16 parallel data transfer for TORNADO-E549/E5402/E5410.
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<« 30nsmin__,

<«12ns min_

< 50nsimin 5 7
12ns 5 e > | [« 12ns |
PX_STB /
# 7ns
PX_WE |
PIOX Address [0..15] X
PIOX Data [0..15] [N | h
PX_READY
/0 READ /0 WRITE

Fig.2-9b. Timing diagram for PIOX-16 parallel data transfer for TORNADO-E548/E5409/E5416.

CAUTION

The DSP on-chip wait state control and PLL control registers of TMS320C54x DSP shall be
programmed in accordance with table 2-2 in order to meet timing requirements for
TORNADO-E54x on-board PIOX-16 interface site.

PIOX-16 data transfer cycle isterminated by PX READY signal, which must be generated by
installed PIOX-16 DCM.

Generating Reset Signal for PIOX/PIOX-16 Site

TORNADO-E54x provides individual reset signal for PIOX-16 DCM site, which is controlled by PX_ RESET
bit of PXSX RESET_RG 10X control register (refer to table 2-9 and section 2.2 for more details). Thisallows
correct initialization of installed PIOX-16 DCM hardware and correct synchronization with host TORNADO-
E54x DSP software.

Physical dimensions for PIOX-16 DCM

Physical dimensions for PIOX-16 DCM are presented at fig.2-10. This information is intended for those
TORNADO customers, who need to design custom PIOX-16 DCM.
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PIOX-16
Connector 0.875"

0.350*

2.750'
3.750¢

2.900“ ...

0.125*
2 holes (7§ 0.122¢ —>

o
N

2.325"

2.450"

< >

PIOX-16 connector: DDK DHB-Px50

Fig.2-10. Physical dimensions for PIOX-16 DCM.

2.4 Serial 1/0 Expansion Interface Sites (SIOX)

TORNADO-E54x DSP controllers provide several on-board SIOX (serial 1/0 expansion) DCM sites (refer to
figures 2-2 and A-1), which are designed to carry TORNADO SIOX compatible DCM:

A variety of ‘of-the-shelf’ TORNADO SIOX DCM comprise from AD/DA/DIO and application specific 1/0
coprocessors DCM for telecommunication, speech/fax/modem and audio signal processing, industrial and
instrumentation applications, and many more.

Description

TORNADO-E54x DSP controllers provide three different types of on-board SIOX DCM sites (fig.2-11):

*  SIOX-A rev.B site (JP5), which comprises of signals for SIO-0 and SIO-1 serial ports, TM/X10-0/1
timer/IO pins, external SX_IRQ-0/1/2 interrupts request inputs, SIOX rev.B/C reset signal, and power
supply lines

e enhanced SIOX rev.C site (JP6), which comprises of signalsfor SIO-0 and SIO-1 serial ports,
TM/X10-0/1 timer/10 pins, external SX_IRQ-0 interrupts request, SIOX rev.B/C reset signal, 8-hit
DSP data bus, 6-bit DSP address bus, parallel data bus strobes, and power supply lines

*  MXSIOX connector (TORNADO-E548/E549/E5409/E5410/E5416 only) for connection to external
T/SU-X1 SIOX rev.B mini-extender kit (refer to Appendix B), which can carry one SIOX rev.B DCM.
MXSIOX connector site comprises of signals for SIO-0 and SIO-1 serial ports, TM/XIO-0/1 timer/IO
pins, external SX_IRQ-1/2 interrupts request inputs, MXSIOX reset signal, and power supply lines.
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Fig.2-11. SIOX DCM sites connection diagram for TORNADO-E54x.

SIO-0 and SIO-1 ports of TORNADO-E54x on-board SIOX rev.B and rev.C sites are connected to the
TMS320C54x DSP on-chip BSP/IMcBSP-0 and BSP1/McBSP-1 serial ports correspondingly. However, SIO-0
and SIO-1 ports of TORNADO-E548/E549/E5409/E5410/E5416 on-board MXSIOX connectors are
connected to the TM S320C54x DSP on-chip TDM/McBSP-2 and BSP1/McBSP-1 serial ports correspondingly.

TORNADO-E54x on-board MXSIOX connector is also supplied with on-board SW5-1 and SW5-2 switches,
which are used to set common serial clock for transmitter/receiver of MXSIOX SIO-0 and SIO-1 ports
correspondingly.

Maximum throughoutput of SIO-0/1 serial ports of SIOX sites is 80 Mbit/s for TORNADO-E5416 DSP
controllers, 50 Mbit/s for TORNADO-E549/E5402/E5410 DSP controllers, and 40 Mbit/s for TORNADO-
E548/E5409 DSP controllers. Refer to original Tl documentation for more details about programming
TMS320C54x DSP on-chip BSP/TDM/McBSP ports.

TM/X10-0/1 timer 1/O pins of TORNADO-E54x on-board SIOX DCM sites and MXSIOX connector can be
configured as either timer or general purpose 1/0 pins by DSP software via XIO_CNF_RG, XIO_DIR_RG and
XIO_DATA_RG 10X control registers (refer to tables 2-6, 2-7, 2-8 and section 2.2).

Maximum output clock frequency for TM/XI0O-0/1 pins in case they are configured as TM S320C54x DSP on-
chip timer outputs (TOUT and TOUT1) is 80 MHz for TORNADO-E5416 DSP controllers, 50 MHz for
TORNADO-E549/E5402/E5410 DSP controllers, and 40 MHz for TORNADO-E548/E5409 DSP
controllers. Refer to original T1 documentation for more details about programming TM S320C54x DSP on-chip
timers.
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Installation of SIOX DCM onto TORNADO-E54x

SIOX rev.B and SIOX rev.C DCM can plug directly into TORNADO-E54x on-board SIOX rev.B and SIOX
rev.C DCM sites. External analog and digital 1/O signals for installed SIOX DCM shall be connected by means
of the SIOX on-module 1/O connector viarear panel of host PC.

CAUTION

TORNADO-E54x on-board area for SIOX rev.B DCM is shared with the on-board area for
SIOX rev.C DCM. Either SIOX rev.B DCM or SIOX rev.C can be installed onto TORNADO-
E54x mainboard.

TORNADO-E54x on-board MXSIOX connector is used for connection to external 7/SU-X1 SIOX rev.B mini-
extender kit via T/SU-X1/XC flat cable. T/SU-X1 SIOX rev.B mini-extender can be used for installation of one

SIOX rev.B DCM.

Figure 2-12 shows installation examples of different SIOX DCM into the corresponding DCM sites on
TORNADO-E54x mainboard.

Fig.2-12a. TORNADO-E54x mainboard with installed SIOX rev.B DCM.
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| TORNADO-E54x mainboard |

Analog
110
Connector

Fig.2-12b. TORNADO-E54x mainboard with installed SIOX rev.C DCM.

TR SION A | [ Exdmmal )
_SI0X rev.B Minlextender | | DCM | | |/Dsignals

- ! | conmactor

Cable

Fig.2-12c. TORNADO-E54x mainboard with external T/SU-X1 mini-extender with installed SIOX rev.C
DCM.
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SIOX rev.B DCM site connector and signal description

TORNADO-E54x on-board SIOX rev.B DCM site connector (JP5) is an industry standard dual-row 26-pin
female header with 0.1"x0.1” pin pattern. Mating plug is the industry standard 26-pin dual-row male header with
0.1"x0.1" pin pattern, which is available from virtually al connector manufacturers.

SIOX rev.B DCM site connector pinout is shown at figure 2-13 and signal specifications are presented in table

2-17.

26 25

DX1 ===0Q O===— DR1
CLKX1 =220  O=23~ CLKR1
FSx1 =220 O3 FsR1
20 19
I Ty pr—
SXIRQ-0 =g TO O — SXJRQ-1
SX_IRQ-2 =7 0 O e SX_RESET
TM/XIO-0 o O TM/XIO-1
DX0 =240  O+H— DRO
CLKX0 12 C O 3 CLKRO
FSX0 O O FSRO
GND =0 O+2— GnD
-5v 4 O O 3 +5v
Ay =20 OT— +12v

Fig.2-13. SIOX rev.B DCM site connector pinout (top view).

Table 2-17. SIOX rev.B DCM site 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. For
FSX0 1/10/1Z SIOX rev.B site of TORNADO-E54x DSP controllers these signals correspond to the
CLKX0 110/Z2 TMS320C54x DSP on-chip BSP/McBSP-0 serial port transmitter.
DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port. For
FSRO 1/10/1Z SIOX rev.B site of TORNADO-E54x DSP controllers these signals correspond to the
CLKRO 110/Z2 TMS320C54x DSP on-chip BSP/McBSP-0 serial port receiver.
SIO-1 port control
DX1 O/z Data, frame synchronization and serial clock signals for transmitter of SIO-1 port. For
FSX1 1/10/1Z SIOX rev.B site of TORNADO-E54x DSP controllers these signals correspond to the
CLKX1 110/Z2 TMS320C54x DSP on-chip BSP1/McBSP-1 serial port transmitter.
DR1 | Data, frame synchronization and serial clock signals for receiver of SIO-1 port. For
FSR1 1/10/1Z SIOX rev.B site of TORNADO-E54x DSP controllers these signals correspond to the
CLKR1 110/Z2 TMS320C54x DSP on-chip BSP1/McBSP-1 serial port receiver.
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Timer/IO, Reset and Interrupt Requests
TM/XI10-0 1/10/1Z Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer output, or general purpose 1/O pin (refer to section 2.2 and
tables 2-6, 2-7 and 2-8).
TM/XI10-1 1/10/1Z Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer #1 output (TORNADO-E5402 only), or general purpose 1/0
pin (refer to section 2.2 and tables 2-6, 2-7 and 2-8).
SX RESET (0] Active low reset signal for on-board SIOX rev.B/C DCM sites, which is controlled via
- SX-A_RESET bit of PXSX_RESET_RG IOX control register (refer to table 2-9 and
section 2.2).
SX IRQ-0 Active low interrupt requests from SIOX rev.B/C DCM sites and MXSIOX connector to
- ’ on-board TMS320C54x DSP, which can be configured by MIRQ0O_SEL_RG,
SX_IRQ-1, MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG I0OX
SXIRQ-2 control registers to be routed to any of DSP external interrupt inputs (INT0..3 and
X_IRQ - NMI). Refer to section 2-2 and table 2-10 for more details. Actual DSP interrupt
request is generated on the falling edge of these interrupt request inputs. These
interrupt request inputs have on-board pull-up resistors.
Power Supplies
GND Ground.
+5v +5v power (from on-board JP1 power input connector).
+12v +12v power (from on-board JP1 power input connector).
-5v -5v power (from on-board JP1 power input connector).
-12v -12v power (from on-board JP1 power input connector).

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 3v/5v CMOS/TTL signals.

SIOX rev.C DCM site connector and signal description

TORNADO-E54x on-board SIOX rev.C DCM site connector (JP6) is a high-density dual-row 40-pin female
header with 0.05"x0.05" pin pattern from Samtec Inc (www.samtec.com). Compatible SIOX rev.C plugs
(Samtec p/n TFM-120-22-S-D-LC) for design of custom SIOX rev.B DCM are available from MicroLAB
Systems upon request.

SIOX rev.C DCM site connector pinout is shown at figure 2-14 and signal specifications are presented in table

2-18.
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Fig.2-14. SIOX rev.C DCM site connector pinout (top view).
Table 2-18. SIOX rev.C DCM site connector signal specification.
SIOX rev.B signal Description
connector pin type
SIO-0 port control
DX0 O/z Data, frame synchronization and serial clock signals for transmitter of SIO-0 port. For
FSX0 1/10/1Z SIOX rev.C site of TORNADO-E54x DSP controllers these signals correspond to the
CLKX0 TMS320C54x DSP on-chip BSP/McBSP-0 serial port transmitter.
DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port. For
FSRO 1/10/1Z SIOX rev.C site of TORNADO-E54x DSP controllers these signals correspond to the
CLKRO TMS320C54x DSP on-chip BSP/McBSP-0 serial port receiver.
SIO-1 port control
DX1 O/z Data, frame synchronization and serial clock signals for transmitter of SIO-1 port. For
FSX1 1/10/1Z SIOX rev.C site of TORNADO-E54x DSP controllers these signals correspond to the
CLKX1 TMS320C54x DSP on-chip BSP1/McBSP-1 serial port transmitter.
DR1 | Data, frame synchronization and serial clock signals for receiver of SIO-1 port. For
FSR1 1/10/1Z SIOX rev.C site of TORNADO-E54x DSP controllers these signals correspond to the
CLKR1 TMS320C54x DSP on-chip BSP1/McBSP-1 serial port receiver.
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Timer/IO, Reset and Interrupt Requests
TM/XI10-0 1/10/1Z Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer output, or general purpose 1/O pin (refer to section 2.2 and
tables 2-6, 2-7 and 2-8).
TM/XI10-1 1/10/1Z Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer #1 output (TORNADO-E5402 only), or general purpose 1/0
pin (refer to section 2.2 and tables 2-6, 2-7 and 2-8).
SX RESET (0] Active low reset signal for on-board SIOX rev.B/C DCM sites, which is controlled via
- SX-A_RESET bit of PXSX_RESET_RG IOX control register (refer to table 2-9 and
section 2.2).
SX IRQ-0 Active low interrupt request from SIOX rev.B/C DCM sites to on-board TMS320C54x
- DSP, which can be configured by MIRQO_SEL_RG, MIRQ1_SEL_RG,
MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG 10X control registers to be
routed to any of DSP external interrupt inputs (INTO..3 and NMI). Refer to section 2-2
and table 2-10 for more details. Actual DSP interrupt request is generated on the
falling edge of these interrupt request input. This interrupt request input has on-board
pull-up resistor.
Parallel Data Bus
DO..D7 I/0 DSP DO0..D7 data bus.
A0..A5 (0] DSP AO0..A5 address bus.
SX STB (6] Active low data transfer strobe, which is generated when TORNADO-E54x on-board
- DSP performs access to SIOX rev.C IOX address area in accordance with table 2-2.
m (0] Active low write enable signal.
SX READY Active low SIOX parallel data ready signal, which must be generated by installed
- SIOX rev.C DCM in order to complete current SIOX rev.C data access cycle. This
input has on-board pull-up resistor.
Power Supplies
GND Ground.
+5v +5v power (from on-board JP1 power input connector).
+12v +12v power (from on-board JP1 power input connector).
-12v -12v power (from on-board JP1 power input connector).

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 3v/5v CMOS/TTL logic.
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MXSIOX connector pinout and signal description for TORNADO-E548/E549/E5409/E5410/E5416

MXSIOX connector (JP16) can be used for connection to external T/SU-X1 SIOX rev.B DCM mini-extender
kit (refer to Appendix B) and is available for TORNADO-E548/E549/E5409/E5410/E5416 DSP controllers
only with TMS320C54x DSP, which provides three DSP on-chip BSP/ITDM/McBSP ports. T/SU-X1 SIOX
rev.B DCM mini-extender kit can be used for installation of one SIOX rev.B DCM, therefore signal
specifications for MXSIOX connector are the same as that for SIOX rev.B DCM site.

TORNADO-E54x on-board MXSIOX connector 34-pin dual-row 2mm guarded male headers from Samtec Inc
(www.samtec.com). Compatible MXSIOX plug (Samtec p/n TCSD-17-01-N) comes standard with T/SU-X1/XC
SIOX rev.B mini-extender connection cables (refer to Appendix B for more details), whereas optional MXSIOX
plugs for 2mm flat cables are available either from Samtec Inc or from MicroLAB Systems upon request.

Connector pinout for TORNADO-E54x on-board MXSIOX connector is shown at figure 2-15 and signal
specifications are presented in table 2-19.
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Fig.2-15. Pinout for TORNADO-E54x on-board MXSIOX connector (top view).

Table 2-19. Signal description for TORNADO-E54x on-board MXSIOX connector.

SIOX rev.B signal Description
interface signal type

SIO-0 port control

DX0 O/z Data, frame synchronization and serial clock signals for transmitter of SIO-0 port. For
FSX0 1/10/1Z MXSIOX connector of TORNADO-E54x DSP controllers these signals correspond to
CLKX0 110/Z2 the TMS320C54x DSP on-chip TDM/McBSP-2 serial port transmitter.

DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port. For
FSRO | MXSIOX connector of TORNADO-E54x DSP controllers these signals correspond to

CLKRO | the TMS320C54x DSP on-chip TDM/McBSP-2 serial port receiver.
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SIO-1 port control

DX1 0o/z Data, frame synchronization and serial clock signals for transmitter of SIO-1 port. For
FSX1 1/10/Z2 MXSIOX connector of TORNADO-E54x DSP controllers these signals correspond to
CLKX1 1/0/Zz the TMS320C54x DSP on-chip BSP1/McBSP-1 serial port transmitter.
DR1 | Data, frame synchronization and serial clock signals for receiver of SIO-1 port. For
FSR1 I/0 MXSIOX connector of TORNADO-E54x DSP controllers these signals correspond to
CLKR1 | the TMS320C54x DSP on-chip BSP1/McBSP-1 serial port receiver.
Timer/IO, Reset and Interrupt Requests

TM/XI10-0 I/0 Configured by on-board DSP software via XIO_CNF_RG IOX control register as
either DSP on-chip timer output, or general purpose 1/O pin (refer to section 2.2 and
tables 2-6, 2-7 and 2-8).

TM/XI10-1 I/0 Configured by on-board DSP software via XIO_CNF_RG IOX control register as
general purpose I/O pin (refer to section 2.2 and tables 2-6, 2-7 and 2-8). This pin
cannot be configured as timer #1 output, since this option is available for TORNADO-
E5402 DSP controllers only, whereas TORNADO-E5402 DSP controller does not
have on-board MXSIOX connector.

SX RESET o Active low reset signal for on-board MXSIOX connector, which is controlled via
- SX-B_RESET bit of PXSX_RESET_RG IOX control register (refer to table 2-9 and
section 2.2).
SX IRQ-1 Active low interrupt requests from SIOX rev.B DCM site and MXSIOX connector to
- on-board TMS320C54x DSP, which can be configured by MIRQO_SEL_RG,
SX_IRQ-2 MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG IOX
control registers to be routed to any of DSP external interrupt inputs (INTO..3 and
NMI). Refer to section 2-2 and table 2-10 for more details. Actual DSP interrupt
request is generated on the falling edge of these interrupt request inputs. These
interrupt request inputs have on-board pull-up resistors.
Power Supplies
GND Ground.
+5v +5v power (from on-board JP1 power input connector).
+12v +12v power (from on-board JP1 power input connector).
-5v -5v power (from on-board JP1 power input connector).
-12v -12v power (from on-board JP1 power input connector).

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 3v/5v CMOS signals.
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Maximum serial clock frequency for MXSIOX connector and T/SU-X1 SIOX rev.B mini-extender
kit

Although maximum output serial clock frequency for BSP/TDM/McBSP serial ports of TORNADO-E54x DSP
controllersis 80 MHz for TORNADO-E5416 DSP controllers, 50 MHz for TORNADO-E549/E5402/E5410
DSP controllers, and 40 MHz TORNADO-E548/E5409 for DSP controllers, actual maximum seria clock
frequency for SIO-0/1 serial ports of MXSIOX connector is limited by the length of connection cables, which
are used for connection to externa T/SU-X1 SIOX rev.B mini-extender, and particular by serial clock
distribution configuration for installed SIOX rev.B DCM.

CAUTION

In case standard 10” long (0.25m) cable is used for connection of external T/SU-X1 SIOX
rev.B mini-extender to TORNADO-E54x on-board MXSIOX connector, and the
corresponding TORNADO-E54x on-board SW5-1 and SW5-2 common serial clock enable
switches are set to the ' OFF' state (refer to the corresponding subsection below for more
details) , then the recommended maximum serial clock frequency for CLKX/CLKR signals for
SIO-0/1 serial ports of MXSIOX connector is 33 MHz.

CAUTION

In case standard 10" long (0.25m) cable is used for connection of external T/SU-X1 SIOX
rev.B mini-extender to TORNADO-E54x on-board MXSIOX connector, and the
corresponding TORNADO-E54x on-board SW5-1 and SW5-2 common seria clock enable
switches are set to the ‘ON’ state (refer to the corresponding subsection below for more
details) , then the recommended maximum serial clock frequency for CLKX/CLKR signals for
SIO-0/1 serial ports of MXSIOX connector is 20 MHz.

Common CLKX/CLKR serial clock enable control for MXSIOX connector

TORNADO-E548/E549/E5409/E5410/E5416 DSP controllers with on-board MXSIOX connector provide
on-board SW5-1 and SW5-2 common CLKX/CLKR serial clock enable switches (refer to figures 2-2 and 2-9
and A-1) for each of SIO-0 and SIO-1 MXSIOX serial ports correspondingly.

Table 2-20 presents available settings for on-board SW5-1 and SW5-2 common CLKX/CLKR serial clock
enable switches for MXSIOX SIO-0 and SIO-1 serial ports.
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Table 2-20a. Common serial clock enable switches settings for SIO-0 port of MXSIOX connector at
TORNADO-E548/E549/E5409/E5410/E5416 DSP controllers.

SW5-1 description
switch
OFF Transmitter serial clock (CLKX) and receiver serial clock (CLKR) are

disconnected for SIO-0 port of TORNADO-E548/E549/E5409/E5410/E5416
on-board MXSIOX connector.

ON Transmitter serial clock (CLKX) and receiver serial clock (CLKR) are
connected for SIO-0 port of TORNADO-E548/E549/E5409/E5410/E5416 on-
board MXSIOX connector. This setting corresponds to reduced serial clock
frequency and data transfer speed.

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

Table 2-20b. Common serial clock enable switches settings for SIO-1 port of MXSIOX connector at
TORNADO-E548/E549/E5409/E5410/E5416 DSP controllers.

SW5-2 Description
switch
OFF Transmitter serial clock (CLKX) and receiver serial clock (CLKR) are

disconnected for SIO-1 port of TORNADO-E548/E549/E5409/E5410/E5416
on-board MXSIOX connector.

ON Transmitter serial clock (CLKX) and receiver serial clock (CLKR) are
connected for SIO-1 port of TORNADO-E548/E549/E5409/E5410/E5416 on-
board MXSIOX connector. This setting corresponds to reduced serial clock
frequency and data transfer speed.

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

CAUTION

TORNADO-E54x on-board SW5-1 and SW5-2 common seria clock enable switches for
MXSIOX connector shall be used in conjunction with T/SU-X1 SIOX rev.B mini-extender
on-board receiver serial clock (CLKCR) return enable switches (SW1 and SW2) in accordance
with general guidelines provided in Appendix B of this manual and below in this subsection.

Background for corresponding settings of TORNADO-E54x on-board SW5-1 and SW5-2 common serial clock
enable switches for MXSIOX connector and 7/SU-X1 SIOX rev.B mini-extender on-board receiver serial clock
(CLKCR) enable switches is the ‘long-line compensation issue for serial clock signals distribution over
connection flat cable between TORNADO-E54x on-board MXSIOX connector and T/SU-X71 SIOX rev.B mini-
extender due to the ‘long-line wave nature’ of connection flat cable.

Although the ‘long-line compensation resistors are being used for al MXSIOX SIO-0/1 serial port control
signals (frame synchronization pulse, serial clock and serial data) at both TORNADO-E54x DSP controller and
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T/SU-X1 SIOX rev.B mini-extender boardsin order to exclude signal reflection, a‘long-line€’ non-compensation
for serial clock signals can still occur in case installed SIOX rev.B DCM is using common shorted seria clock
for transmitter and receiver of SIO port (many SIOX rev.B DCM actually use this in order to simplify design).
Note, that this problem does not occur with SIO port frame synchronization and serial data signals, since these
signals always use dedicated lines of SIOX interface and can't be connected together.

CAUTION

In caseinstalled SIOX rev.B DCM, which isinstalled onto external T/SU-X1 SIOX rev.B
mini-extender kit connected to TORNADO-E54x on-board MXSIOX connector, has been
designed without on-board common shorted CLKX/CLKR transmitter/receiver serial clock of
SIO port and each serial clock is using its dedicated pins, then the corresponding TORNADO-
E54x on-board common CLKX/CLKR serial clock enable switch (SW5-1 or SW5-2) must be
set to ‘OFF' and the corresponding T/SU-X7 SIOX rev.B mini-extender on-board receiver
serial clock (CLKCR) return enable switch must be set to ‘ON’.

In caseinstalled SIOX rev.B DCM, which isinstalled onto external T/SU-X1 SIOX rev.B
mini-extender kit connected to TORNADO-E54x on-board MXSIOX connector, has been
designed with on-board common shorted CLKX/CLKR transmitter/receiver serial clock of
SIO port and both serial clocks are using shared pins, then the corresponding TORNADO-
E54x on-board common CLKX/CLKR serial clock enable switch (SW5-1 or SW5-2) must be
set to ‘ON’ and the corresponding T/SU-X1 SIOX rev.B mini-extender on-board receiver
serial clock (CLKCR) return enable switch must be set to ‘ OFF'.

For more information about external T/SU-X7 SIOX rev.B mini-extenders refer to Appendix B later in this
manual.

Generating reset signal for on-board SIOX rev.B/C sites and MXSIOX connector

TORNADO-E54x DSP controllers provide two reset signals for on-board SIOX DCM sites and MXSIOX
connector:

e Onecommon reset signal is provided for on-board SIOX rev.B and SIOX rev.C DCM sites, since these
DCM sites are dternative and both SIOX rev.B DCM and SIOX rev.C DCM cannot be installed
simultaneoudly (refer to figures 2-10a and 2-10b). Common reset signal for SIOX rev.B/C DCM sitesis
controlled by on-board DSP software via SX-A_RESET hit of PXSX_RESET RG 10X control
register (refer to table 2-9 and section 2.2).

»  Second reset signal is provided for on-board MXSIOX connector of TORNADO-
E548/E549/E5409/E5410/E5416 DSP controllers for external SIOX rev.B DCM, which can be
installed onto T/SU-X71 SIOX rev.B mini-extender kit (refer to figure 2-10c), since T/SU-X71 SIOX
rev.B mini-extender kit can be installed simultaneously with either SIOX rev.B or SIOX rev.C DCM.
Reset signal for MXSIOX connector is controlled by on-board DSP software via SX-B_RESET bit of
PXSX_RESET_RG 10X control register (refer to table 2-9 and section 2.2).
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Accessing SIOX rev.C parallel data from TMS320C54x DSP environment

TORNADO-E54x on-board SIOX rev.C DCM site can be accessed via DSP |/O read/write instructions in case
DSP XF flag is set to the ‘1" state (refer to table 2-3). SIOX rev.C interface features 8-bit data bus, which is
wired to the lowest significant byte of 16-bit DSP data bus.

Parallel data transfer timing for SIOX rev.C DCM site

Timing diagram for parallel datatransfer via SIOX rev.C DCM site is presented at figure 2-16. This data transfer
timing is known as the industry standard MOTO mode and assumes usage of data strobe signal and write enable
signal. Different TORNADO-E54x DSP controllers provide different timing for parallel data transfer via SIOX
rev.C DCM site.

<+ 25nsmin__

<« 10ns min_|

< 40nsmin | 5
10ns p e » € 10ns
SX_STB /
L* 5ns
SX_WE -
SIOX Address [0..5] X
SioX Data[0.7] [N | |
SX_READY T
/O READ /O WRITE

Fig.2-16a. Timing diagram for parallel data transfer via SIOX rev.C DCM site for TORNADO-
E549/E5402/E5410.
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<« 30nsmin__,
<« 12ns min_|
< 50nsmin ) 7
12ns » > W < 12ns 4>1
SX_STB /
L* 7ns
SX_WE -
SIOX Address [0..5] X
SiOX Data[0.7] (NI | |
SX_READY T
/0 READ /0 WRITE

Fig.2-16b. Timing diagram for parallel data transfer via SIOX rev.C DCM site for TORNADO-
E548/E5409/E5416.

CAUTION

The DSP on-chip wait state control and PLL control registers of TMS320C54x DSP shall be
programmed in accordance with table 2-2 in order to meet timing requirements for
TORNADO-E54x on-board SIOX rev.C interface site.

Parallel datatransfer cycle for SIOX rev.C DCM site isterminated by SX_READY signd,
which must be generated by installed SIOX rev.C DCM.

Physical dimensions for SIOX DCM

Physical dimensions for SIOX rev.B and SIOX rev.C DCM are presented at figures 2-17and 2-17b
correspondingly. This information is intended for those TORNADO customers, who need to design custom
SIOX DCM.
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Fig.2-17a. Physical dimensions for SIOX rev.B DCM.
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Recommended connector for Analog I/O: DDK DHA-RC26-R122N

Fig.2-17b. Physical dimensions for SIOX rev.C DCM.

2.5 Dual-channel USART

TORNADO-E54x features the on-board dual-channel USART (universal synchronous/asynchronous
receiver/transmitter) for communication with host computers, terminals, network adapters, or externa
peripherals using industry standard serial communication protocols.
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USART s based around the Infineon SAB 82532 chip (www.infineon.com) and supports industry standard
synchronous protocols (HDLC/X.25, SDLC, MONOSYNC, BISYNC) at up to 10 Mbit/s data transfer rate and
the industry-standard asynchronous protocol (ASYNC) 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. RS232C interface
provides communication at up to 115kBaud and the RS422/EIA-530 interface provides up to 10 Mbit/s of data
transfer rate. Transmitter and received clock outputs are also available via on-board connectors for external
equipment, which might need to synchronize its data 1/O rate to the USART clock.

USART also provides 8-bit of general purpose parallel digital 1/0 (D/O-0..7), which is wired to the on-board
JP14 connector. For details about parallel digital 1/0 refer to the corresponding section later in this chapter.

CAUTION

This manual does not contain detail information for architecture and programming of Infineon
SAB 82532 USART.

For details about Infineon SAB 82532 USART refer to original manufacturer documentation,
which is supplied in either electronic or paper form together with TORNADO-E54x board.

USART register set

SAB 82532 USART register set comprises of 128 8-bit registers totally for on-chip channels“A” and “B”. SAB
82532 chip is extremely flexible programmable device with build-in FIFO for each of communication channel,
PLL and system configuration registers.

Accessing USART from TMS320C54x DSP environment

TORNADO-E54x on-board USART can be accessed via DSP 1/0 read/write instructions in case DSP XF flag
isset to the 'l state (refer to table 2-3). USART features 8-bit data bus, which is wired to the lowest significant
byte of 16-bit DSP data bus.

USART-to-DSP interrupt

USART can generate USART_IRQ interrupt request to TMS320C54x DSP via any of the DSP external
interrupt request inputs (INTO0..3 and NMI) by means of the corresponding programming of MIRQO_SEL_RG,
MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG and MNMI_SEL_RG |0OX control registers
correspondingly (refer to table 2-10).

USART_IRQ interrupt request is internal logical OR from many interrupt sources inside USART including the
interrupt requests from parallel digital 1/0 port.


http://www.infineon.com/
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CAUTION

Interrupt request output of the SAB 82532 USART chip must be configured by the DSP
software via USART on-chip |PC register as “push-pull active-low” output (refer to Infineon
SAB 82532 USART documentation for more details).

USART-hardware reset

USART hardware reset is performed simultaneously with the hardware reset of TORNADO-E54x on-board
TMS320C54x DSP and all other on-board peripherals and 10X control registers.

Configuring external interfaces for USART

Each channel of USART connects to external communication equipment via either RS232C or RS422/EIA-530
electrical interface. Selection of particular external interface is performed by the on-board switch set SW4-1..3
for channel ‘A’ of USART and switch set SW4-4..6 for channel ‘B’ of USART (refer to figures 2-2 and A-1) in
accordance with table 2-21 and 2-22.

Table 2-21. Configuration of external interfaces for channel “A” of USART.

Interface interface switch switch switch
connector on SwW4-1 SwW4-2 SW4-3
TORNADO-E54x
board
RS422/EIA-530 JP8 OFF ON OFF

(transmitter clock is 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 JP8 OFF ON ON
(external transmitter clock is
used from pins CLKX+/CLKX-
RS422/EIA-530 connector)

RS422/EIA-530 JP8 OFF OFF OFF
(transmitter clock is generated by
the USART on-chip clock
generator and appears at the
CLKX+/CLKX- pins of
RS422/EIA-530 connector)

RS232C JP10 ON ON OFF

Notes: 1. Highlighted configuration corresponds to the factory settings.
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Table 2-22. Configuration of external interfaces for channel “B” of USART.

Interface interface switch switch switch
connector on SwW4-4 SwW4-5 SW4-6
TORNADO-E54x
board
RS422/EIA-530 JP9 OFF ON OFF

(transmitter clock is 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 JP9 OFF ON ON
(external transmitter clock is
used from pins CLKX+/CLKX-
RS422/EIA-530 connector)

RS422/EIA-530 JP9 OFF OFF OFF
(transmitter clock is generated by
the USART on-chip clock
generator and appears at the
CLKX+/CLKX- pins of
RS422/EIA-530 connector)

RS232C JP11 ON ON OFF

Notes: 1. Highlighted configuration corresponds to the factory settings.

RS232C interface connectors

RS232C interface assumes the single-ended bipolar 1/0 signals, provides communication at up to 115 kBaud and
is designed for ASYNC asynchronous protocol of USART. RS232C interface is an industry standard interface
for communication with personal computers, computer peripherals, industrial control devices, etc.

Pinout for TORNADO-E54x on-board RS232C external interface connectorsis presented at figure 2-18.

CD ——ill W—2—
RX ==l W—— RTS
™ —?-l I-S— CTS

o . W

GND =il

Fig. 2-18. RS232C interface connectors pinout for TORNADO-E54x.
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CAUTION

TORNADO-E54x on-board RS232C connectors are the industry 10-pin 0.1"x0.1” male
headers, which are widely used for connection RS232C portsto IBM PC motherboards.

Y ou have to use standard 10-pin female to male DB-9 or DB-25 converter flat cablesfor PCin
order to convert the TORNADO-E54x on-board RS232C connectors to the industry standard
DB-9 or DB-25 male connectors for RS232C interface.

RS422/EIA-530 interface connectors

RS422/EIA-530 interface assumes differential unipolar 1/0 signals with 110 Ohm line terminators, provides
communication at up to 10 Mbit/s, and is designed for all synchronous protocols. RS422/EI A-530 interface can
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.

Pinout for TORNADO-E54x on-board RS422/EIA-530 external interface connectors is presented at figure 2-
19.

DX+ we—

DR+ e——
RTS+ —7

CTS+
11

GND —
cD+ =51
RCLK- =
cD- =t
=21

TOLK- =23

cTs- =22

© [} ()

Fig. 2-19. RS422/EIA-530 interface connectors pinout for TORNADO-E54x.

CAUTION

TORNADO-E54x on-board RS422/EI A-530 connectors are the industry 26-pin 0.1"x0.1”
male headers.

Y ou have to use 26-pin female plug with flat cable and DB-25 end connector in order to
convert the TORNADO-E54x on-board RS422/EIA-530 connectors to the industry standard
DB-25 male connectors for RS422/EIA-530 interface.
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USART transmitter/receiver output clocks

TORNADO-E54x provides optional on-board USART transmitter/receiver clocks output connectors separately
for each channel (JP12 and JP13 at figures 2-2 and A-1) in order external AD/DA or I/O equipment can
synchronize its clock with USART transmitter and receiver clocks. This feature is useful, for example, for
satellite modems, which provide external synchronous communication from one side and AD/DA from the other
side.

TORNADO-E54x on-board connectors for USART clock outputs are the industry standard 0.05” 3-pin male
headers from Molex (www.molex.com). The mating plugs are included as standard with TORNADO-E54x
shipment pack. Pinout for on-board USART transmitter/receiver clocks output connectors is presented at figure
2-20. The output USART transmitter/receiver clock signals are 5v CMOS/TTL compatible.

RCLK ;— =
oD 2
ToLk & =

Fig. 2-20. USART transmitter/receiver clock output connectors.

2.6 Parallel Digital 1/0

TORNADO-E54x aso provides 8-bit of general purpose parallel digital 1/O signals (D/O-0..7), which are
wired to the on-board JP14 connector (refer to figures 2-2 and fig.A-1). Parale digital 1/O is useful for
interfacing to external sensors, switches, LED, and other external peripherals and devices, which require
dedicated bit 1/O control.

Pinout for TORNADO-E54x on-board JP14 parallel digital 1/0 connector is presented at fig.2-21.

DIO-0 =

DIO-1
DIO-2
DIO-3 =
DIO-4 e
DIO-5 e
DIO-6 =
DIO-7 e

' TTTIITIII
 TTITTITY)
AlA o o
9
o

Fig.2-21. Parallel digital I/O connector pinout (D/O-0..7 signals) for TORNADO-E54x.

DIO-0..7 parallel digital 1/0 lines are programmable 1/O pins of on-board SAB82532 USART (refer to section
2.5 for more information about USART).


http://www.molex.com/
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CAUTION

This manual does not contain detail information for architecture and programming of Infineon
SAB 82532 USART.

For details about Infineon SAB 82532 USART refer to original manufacturer documentation,
which is supplied in either electronic or paper form together with TORNADO-E54x board.

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

2.7 USB Device Interface

TORNADO-E54x features the on-board 12 Mbit/s USB device interface for communication with host
computers.

TORNADO-E54x on-board USB device interface is based around the Agere Systems (www.agere.com) USS-
820/USS-825 USB device interface chip meets USB rev.1.1 specifications and supports the industry USB
protocol at up to 12 Mbit/s data transfer rate. On-board USB connector (JP15) is the USB type ‘B’ device
connector.

CAUTION

This manual does not contain detail information for architecture and programming of Agere
Systems USS-820/USS-825 USB device controller.

For details about Agere Systems USS-820/USS-825 USB device controller refer to original
manufacturer documentation, which is supplied in either electronic or paper form together with
TORNADO-E54x board.

CAUTION

The on-board USS-820/USS-825 USB device controller is sourced from 12 MHz clock, which
alows full-speed 12 Mbit/s communication over the USB bus.

USB interface connector

TORNADO-E54x on-board USB device connector is the industry standard USB type ‘B’ receptacle with pinout
presented ate figure 2-22. The mating plug is the USB device plug available on all host-to-device USB cables.


http://www.agere.com/
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DMNS USB VDD

USB VSS

Fig. 2-22. Pinout of USB device connector for TORNADO-E54x.

USB register set

USS-820/USS-825 USB device controller register set comprises of 32 8-hit registers. USS-820/USS-825 USB
controller is extremely flexible programmable device with build-in programmable FIFO for transmitter and
receiver, dual-packet support, support for 16 USB endpoints, integrated USB transceivers, and many more
features.

Accessing USB device controller from TMS320C54x DSP environment

TORNADO-E54x on-board USB device controller can be accessed via DSP 1/O read/write instructions in case
DSP XF flag is set to the ‘1’ state (refer to table 2-3). USB device controller features 8-bit data bus, which is
wired to the lowest significant byte of 16-bit DSP data bus.

CAUTION

The DPPU output pin of on-board USS-820/USS-825 USB device controller is connected to
the on-board hardware, which allows simulation of the USB device disconnect.

In order to activate presence of the USS-820/USS-825 USB device controller on host USB
bus, the DPPU output must be set to logical ‘1’ value viathe DPEN bit of MCSR register of
USS-820/USS-825 USB device controller.

USB-to-DSP interrupt

USB device controller can generate USB_IRQ interrupt request to TMS320C54x DSP via any of the DSP
external interrupt request inputs (INTO..3 and NMI) by means of the corresponding programming of
MIRQO_SEL_RG, MIRQ1_SEL_RG, MIRQ2_SEL _RG, MIRQ3_SEL _RG and MNMI_SEL_RG 10X
control registers correspondingly (refer to table 2-10).
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CAUTION

Interrupt request output of the SAB 82532 USART chip must be configured by the DSP
software via USB controller on-chip SCR register as “active-low” output (refer to Agere
Systems USS-820/USS-825 documentation for more details).

2.8 Emulation Tools for TORNADO-E54x

TORNADO-E54x uses scan-path emulation technique for the on-board TMS320C54x DSP in order to debug
resident TM S320C54x DSP environment and software.

Compatible scan-path emulation tools include the TI XDS510 or MicroLAB’ MIRAGE-510DX universal JTAG
emulators, which connect directly to the on-board JP3 JTAG-IN connector (figures 2-2 and A-1).

2.9 Software Development Tools

TMS320C54x DSP is now an industry standard DSP and is supported by a variety of software devel opment tools
from multiple 3" party vendors.

Compilers and Debuggers

Software development for TORNADO-E54x is supported by T1 C5000 Code Composer Studio Compiler Tools
(www.ti.com), which include C5000 DSP Optimizing C Compiler and Assembly Language Tools.

Compatible JTAG emulators include TI XDS510 and MicroLAB’” MIRAGE-510D emulators running under T1
C5000 Code Composer Studio Debug tools.

Hypersignal RIDE Visual DSP Algorithm Development and Simulation Tool

TORNADO-E54x DSP controllers are supported by DSP algorithm development tools from Hyperception Inc
(www.hyperception.com), which include Hypersignal Block Diagram, RIDE and Code Generator. Hypersignal
RIDE is the visual real-time integrated DSP agorithm development and simulation environment for Windows,
and allows design entry using high-level function blocks (FIR, FFT, math, etc).

Real-time Multitasking Operating Systems (RTOS)

TORNADO-E54x is supported by multiple RTOS that provide multitasking capabilities:
e« DSP/BIOS from Texas Instruments Inc (www.ti.com), which isthe part of TI C5000 Code Composer
Studio Compiler/Debug toals.
*  VIRTUOSO from Eonic Systems Inc (www.eonic.com) is an industry standard high-performance
RTOS and provides full feature multitasking support.
e  NUCLEUS PLUS from Accelerated Technology Inc (www.atinucleus.com) is an industry standard
single-processor high-performance RTOS and provides full feature multitasking support. It features
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low cost and comes standard with source codes. Available options include NUCLEUS FILE,
NUCLEUS NET, and NUCLEUS DBUG+ , which aso come in source codes.

Application Software Tools for TORNADO-E54x

Application specific tools for TORNADO-E54x 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.



Chapter 3. Installation and Configuration 83

Chapter 3. Installation and Configuration

This chapter includes instructions for installation of TORNADO-E54x DSP controller.

3.1 Applying the power

The power to TORNADO-E54x controller should apply via on-board JP1 connector (refer to fig.A-1). For
proper operation the board requires +5v power only, whereas optional -5v and +12v power inputs are routed to
on-board SIOX rev.B/C and PIOX-16 DCM sites, and to on-board MXSIOX connector.

3.2 Installation of FLASH/EPROM chip

Installation of FLASH/EPROM chip into TORNADO-E54x on-board S1 socket (refer to figure 2-2 and fig.A-1)
must be performed while TORNADO-E54x board power is off.

CAUTION
TORNADO-E54x on-board S1 socket is designed to carry the FLASH 5v-only
128K ..512K x8 chips or EPROM 128K..1Mx8 chipsin the PLCC-32 | C package.

Installation of FLASH/EPROM chip other than that specified in table 2-4 may result in
damage of FLASH/EPROM chip and/or of TORNADO-E54x hardware.

CAUTION

On-board SW3 switch must be set in accordance with table 2-4 in order to meet installed
FLASH/EPROM chip type.

Installation of FLASH/EPROM chip

In order to install FLASH/EPROM chip into TORNADO-E54x on-board S1 socket refer to figure 3-1 and
follow recommendations bel ow:
e switch off the power
» take FLASH/EPROM chip by your fingers to have its front (labeling) surface turned at you
e adjust FLASH /EPROM chip to be parallel to surface of the TORNADO-E54x on-board S1 PLCC-32
socket
» orient FLASH/EPROM chip to have the key corner of its PLCC-32 package would match the
corresponding corner of TORNADO-E54x on-board S1 socket
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3.3

FLASH/EPROM

Socket for
FLASH/
EPROM

safely insert FLASH/EPROM chip into TORNADO-E54x on-board S1 socket

safely plug and fix FLASH/EPROM chip into the TORNADO-E54x on-board S1 socket

configure TORNADO-E54x on-board SW3 switch set in accordance with table 2-4 in order to match
installed FLASH/EPROM chip type

switch on the power of TORNADO-E54x DSP controller.

FLASH/EPROM
Socket Key

S1

Pin 1 Key

[ TORNADO-E54x mainboard J

Fig.3-1. Installation of FLASH/EPROM chip into TORNADO-E54x on-board S1 socket.

Configuring TORNADO-E54x board

Generally, the following configuration procedure must be performed prior applying power to TORNADO-E54x
DSP controller for the first time (refer to fig.A-1 for on-board jumpers and connectors list):

configure M S320C54x DSP bootmode configuration (switches SW2-1 and SW2-2) in accordance with
table 2-1

enable or disable TM S320C54x DSP on-chip HPI port using on-board SW2-3 in accordance with table
2-15 in order to meet your application requirements

if required, install FLASH/EPROM chip and set configuration SW3 switch in accordance with table 2-
4 in order to match type of installed FLASH/EPROM chip and to enable/disable FLASH write control
if required, select appropriate RS232 or RS422/EIA-530 interface for USART channels #A and #B

and configure set configuration switches SW4-1..3 and SW4-4..6 in accordance with tables 2-21 and 2-
22

connect external power supply wiresto on-board JP1 power connector

if required, plug-in RS232C or RS422/EIA-530 cables setsinto on-board JP8..JP11 connectors
(figures 2-18 and 2-19) and digital 1/0 cable set into on-board JP14 connector (figure 2-21)

if required, connect USB type ‘B’ cable plug of USB cable into on-board JP15 USB device connector
(figure 2-22)
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« ifrequired, install either SIOX rev.B or SIOX rev.C DCM into on-board either JP5 SIOX rev.B DCM
site or JP6 SIOX rev.C DCM site (section 2.4, figures 2-12a and 2-12b), and configure installed SIOX
DCM in accordance with provided documentation

» if required, connect external T/SU-X7 SIOX rev.B mini-extender kit to on-board MXSIOX connector
(section 2.4, Appendix B, figure 2-12c), install SIOX rev.B DCM onto T/SU-X1 mini-extender board,
and configure installed SIOX DCM in accordance with provided documentation. Configure
TORNADO-E54x on-board SW5-1 and SW5-2 common serial clock enable switches in accordance
with recommendationsin section 2.4 and Appendix B.

« if required, install PIOX-16 DCM into on-board JP4 PIOX-16 DCM site connector (refer to section
2.3 for more details), and configure installed PIOX-16 DCM in accordance with provided
documentation

» if required, connect HPI port cable to on-board JP7 HPI port connector (section 2.2, figure 2-4)

« if required, connect external JTAG emulator to on-board JP3 JTAG-IN connector (section 2-8)

» switch on external power supply.
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Appendix A. On-board Connectors, Sockets
and Switches.

This Appendix includes a summarized description for the TORNADO-E54x on-board configuration switches,
connectors, sockets and LED (light emitting diodes).

TORNADO-E54x board layout of configuration switches, connectors, sockets and LED is presented at
figure.A-1.

VD2 “Power”

m‘ "RE‘SET" JP4 JP3 JP6 JP5
—
z Pin #1
PIOX-16
il o ks 0
GND : site header
N SW1 Pin #1 0,
+12y 33 S2
JP1 “12v ;g Pin#1|@ O
-5v o]
+5v ne 0 0
+5v Sw4
- i o 123456
XRESET,
JP8
i SWS P16 Pin #1
u
S1 connector ROLK
JP7 e Sw3 - wt P12
EPROM P13
123456
SW2 . JP15
(8
O 1234 Pin #1 Pin #1 Pin #1 Pin #1 O
JP8 JP9 JP10 JP11

Fig.A-1. TORNADO-E54x board layout of configuration switches, connectors, sockets, and LED.

On-board configuration switches
List of on-board configuration switches for TORNADO-E54x DSP controllersis presented in table A-1.

Table A-1. On-board configuration switches for TORNADO-E54x.

switch switch function description reference information
Swi1 External reset pushbutton. Section 2.2

Sw2-1 TMS320C54x DSP Bootmode configuration. Section 2.2

SW2-2 table 2-1
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Sw2-3 TMS320C54x DSP on-chip HPI port disable control Section 2.2

(TORNADO-E5402/E5409/E5416 only). table 2-15
SwW3 FLASH/EPROM chip type selector and FLASH write Sections 2.2 and 3.2

protection. table 2-4

SwW4-1 External RS232C/RS422 interface selector for USART Section 2.5

SW4-2 channel “A”. table 2-21

SW4-3

SW4-4 External RS232C/RS422 interface selector for USART Section 2.5

SW4-5 channel “B”. table 2-22

SW4-6

SwWhs-1 Common serial clock enable for SIO-0 and SIO-1 serial Section 2.4, Appendix B

SwWb5-2 ports of on-board MXSIOX connector (TORNADO- tables 2-20a and 2-20b
E548/E549/E5409/E5410/E5416 only)

On-board Connectors
List of on-board connectors for TORNADO-E54x DSP controllersis presented in table A-2.

Table A-2. On-board connectors for TORNADO-E54x.

connector ID connector function description reference information
JP1 External power input connector. Sections 2.1 and 3-1.
JP2 External reset input connector. Section 2.2
figure 2-5
JP3 JTAG-IN connector Section 2.8
JP4 PIOX-16 DCM site connector (header). Section 2.3

figure 2-8, table 2-16

JP5 SIOX rev.B DCM site connector (header) Section 2.4
figure 2-13, table 2-17

JP6 SIOX rev.C DCM site connector (header) Section 2.4

figure 2-14, table 2-18
JP7 TMS320C54x DSP HPI port connector. Section 2.2

figure 2-4; table 2-14
JP8 RS422/EIA-530 interface connectors for USART channels Section 2.5
JP9 “A” and “B”. figure 2-19
JP10 RS232C interface connectors for USART channels “A” and Section 2.5

JP11 “B”. figure 2-18
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JP12 Transmitter/receiver clock output connectors for USART Section 2.5;
JP13 channels “A” and “B”. figure 2-20
JP14 Parallel digital I/O connector. Section 2.6
figure 2-21
JP15 USB type ‘B’ device connector. Section 2.7;
figure 2-22
JP16 MXSIOX connector for connection to external T/SU-X1 Section 2.4
SIOX rev.B mini-extender kit. figure 2-15, table 2-19

On-board Sockets

List of on-board sockets for TORNADO-E54x DSP controllersis presented in table A-3.

Table A-3. On-board sockets for TORNADO-E54x.

socket socket function reference information
ID
S1 PLCC-32 FLASH/EPROM socket. Sections 2.2 and 3-2.
S2 DIP-4 (0.3"x0.3”) socket for 5V crystal oscillator (example: Section 2.5
EPSON SG-531) for USART source clock.

On-board LED

List of on-board LED (light emitting diodes) for TORNADO-E54x DSP controllersis presented in table A-4.

Table A-4. On-board LED for TORNADO-E54x.

switch switch function
ID

VD1 DSP reset LED (red).

VD2 Power on LED (green).
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Appendix B. T/SU-X1 SIOX rev.B Mini-
Extender Kit

This appendix contains description for T/SU-X7 external SIOX rev.B mini-extender kit, which can be used to
connect external SIOX rev.B AD/DA/DIO and application specific DCM to TORNADO DSP controllers and
coprocessors, which provide on-board compatible connector for connection to external T/SU-X1 SIOX rev.B
mini-extenders.

B.1 General Description

T/SU-X1 SIOX rev.B mini-extender kit is normally provided as dual SIOX rev.B mini-extender kit (fig.B-1),
which comprises of the following components:

» twoidentical T/SU-X1 SIOX rev.B mini-extender carrier boards

e PC chassis mounting bracket

* two T/SU-X1/XC 10" (0.25m) long connection cables.

[ Cusio TELLET
| TSILKLED | h-ldl.l-ll:- | |E:II'.'IHr|#.BHI|'|—uI:-.I- |
Gt Cowerier Hosrd

= .
| BIOK v 15 Silm

o MERIOX Conrschors
oFf TUVRTLA DR o0 i 0 0 B0 v b
|
|
|

i |—

i WSO Cormector [ -

Tl!-Ll-\.I" _I:AII-I::-' FrSLLYF
Cabda HOA rwa B Mini-safandar
. Carrear Moad

Fig.B-1. Dual T/SU-X1 SIOX rev.B mini-extender with mounting bracket and connection cables.

Each T/SU-X1 SIOX rev.B mini-extender carrier board provides on-board site for one full-size SIOX rev.B
DCM (fig.B-2), which can be either fixed to the T/SU-X7carrier board via optional spacers, or screwed to the
mounting bracket.
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| SH0X rew.B | | SI0X ev.B
[+, (i |

Fig.B-2. Dual T/SU-X1 SIOX rev.B mini-extender with two installed SIOX rev.B DCM.

connection of T/SU-X1 SIOX rev.B mini-extender to host TORNADO DSP controllers and
COprocessors

T/SU-X1 SIOX rev.B mini-extender connects to host TORNADO DSP controller/coprocessor via T/SU-X1/XC
10" (0.25m) long connection cable (fig.B-3), which connects to the MXSIOX connectors on the T/SU-X1 SIOX
rev.B mini-extender on one side and to with the corresponding MXSIOX matching connector host TORNADO
DSP controller/coprocessor.

vEpwn | | PC R Eane |
Cabde |Wﬂtﬂ“nl-ulﬂ|dtr! !mm! I|

| TELLELET

Fig.B-3. Connection of dual T/SU-X1 SIOX rev.B mini-extender to host TORNADO-PX5421Q PIOX-
16 DSP coprocessor DCM.
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installation

Dua T/SU-X1 SIOX rev.B mini-extender can either mount at the rear panel of PC using installed mounting
bracket, or can be hand-broken into two identical T/SU-X7 SIOX rev.B mini-extenders using on-board
perforated broke line (fig.B-1).

Single T/SU-X1 SIOX rev.B mini-extender, which appears as the broken half of dua T/SU-X71 SIOX rev.B
mini-extender, can be installed into the embedded custom chassis environment.

physical dimensions

Figure B-4 provides physical dimensions for single T/SU-X1 SIOX rev.B mini-extender and positions for all
installation holes and connectors.

Female Header

> e

SIOX rev.B Site iPin #1

- PN A
O y
4 holes
50.118°
MXSIOX ol -
Connector 8B
1R 2|
i Pin #1 «
3 [ [P 0315 .
FanY Fan Y #
QO 15 \
< 2.225 :?
P 2.375" o

Fig.B-4. Physical dimensions of T/SU-X7 SIOX rev.B mini-extender.

B.2 Technical Specifications
The following are technical specifications for T/SU-X7 SIOX rev.B mini-extenders.

Parameter description parameter value
number of SIO ports 2
number of TM/XIO /O lines 2
number of external interrupt request inputs (XIRQ) 2

number of SIOX reset signals (RESET) 1
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maximum serial clock frequency for transmitter/receiver of 50 MHz

SIO ports

power supply outputs +5v, £12v

optional features LED indicators for power and SIOX

reset control

CLKRO/CLKR1 serial receiver
clock enable switches

Dimensions 2.16"x2.36” (55x60 mm)

length of T/SU-X1/XC extender cable 10” (0.25m)

B.3 Technical Description
Figure B-5 presents block diagram of T/SU-X7 SIOX rev.B mini-extender kit.

JP1 BN =)
SfIOX |I'e\|/1.B %ile Bio g % o
emale header [ > ""o"o' 3
TISU-XLIXC 5 Y8 3RERAR
cable trerrrietd
] — . FSX/FSR/DX/DR/CLKX
M CLKR _- CLKR
SW1-2
FSX/FSR/DX/DR/CLKX
SI0-0 CLKR CLKR
SW1-1
TM/XIO-0 [4—
TM/XIO-1 |4
IRQ-0 [+—
IRQ-1 [+—
RESET —»
+5v —»
-5v —»
+12v —>
L 2v > T/SU-X1
— L oND > SIOX rev.B
JP2 Mini-extender Board
MXSIOX
Connector

Fig.B-5. Block diagram of T/SU-X1 SIOX rev.B mini-extender.

T/SU-X1 SIOX rev.B mini-extender carrier board

T/SU-X1 SIOX rev.B mini-extender carrier board comprises of the following components:
e SIOX rev.B site header (JP1)
*  MXSIOX connector (JP2) for connection to host TORNADO DSP controller/coprocessor via T/SU-
X1/XC connection cable
e on-board SW1 switch, which is used to enable serial receiver clock (CLKR) for each seria port.
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T/SU-X1 on-board JP1 SIOX rev.B site header and JP2 MXSIOX connector for connection to host TORNADO
DSP controller/coprocessor via T/SU-X1/XC connection cable comprise of the signals for two serial ports (SIO-
0 and SIO-1), two timer/10O lines (TM/XI0-0/1), two external interrupt request inputs (/RQ-0/7), SIOX interface
reset control output (RESET), and host £5V/+12V power supply lines.

Pinout information for JP1 SIOX rev.B site header and JP2 MXSIOX connector is provided in the
corresponding subsections below and figures B-6 and B-5 correspondingly. Common signal description is
provided in table B-1.

T/SU-X1 on-board SW1 switch shall be used in conjunction with host TORNADO DSP coprocessor/controller
on-board common serial clock enable switches in order to enable return of receiver’ seria clock for each of two
serial ports of SIOX interface to host TORNADO DSP coprocessor/controller depending upon the type of
installed SIOX rev.B DCM. Refer to the corresponding subsection below for more details.

MXSIOX connector pinout and signal description

T/SU-X1 on-board MXSIOX connector is used for connection to host TORNADO DSP coprocessor/controller
via T/SU-X1/XC connection cable.

MXSIOX connector is Samtec 34-pin dual-row 2mm guarded male header. Although MXSIOX plugs come
standard with T/SU-X1/XC SIOX rev.B mini-extender connection cables, optional MXSIOX plugs for 2mm flat
cables are available from MicroLAB Systems upon request.

MXSIOX connector pinout is presented at fig.B-6, whereas signal description is provided in table B-1.

| |
onp AR u w28 pxy
GND 32 | = = | 31 CLKX1
oD 0 M o wl 29 Foxy
onp 2 R a wf-2 pre
onp 2 b w2 cikrr
GND 24 | = = | 23 FSR1
ono 2R a w2 pxo
GND fg— = =] —13 CLKXO
oo 'S fm w1 Fsxo
onp B w wg-15pro
ono 2 Ra wl Bcikro
evo 2 ta oY Fsro
w5 O R u wf2 Tixio-1
+5v 8 ] = = | 7 TM/XIO-0
vi2v S pa w5 RESET
s 2 e g2 jRat
g2v 24 b R0

|

Fig.B-6. Pinout for T/SU-X1 SIOX rev.B mini-extender on-board MXSIOX connector (top view).
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Table B-1. Signal description for T/SU-X1 SIOX rev.B mini-extender on-board MXSIOX connector.

SIOX rev.B signal Description
interface signal type

SIO-0 port control

DX0 0o/z Data, frame synchronization and serial clock signals for transmitter of SIO-0 port,
FSX0 110/Z2 which connect to the transmitter control signals for SIO-0 serial port.
CLKX0 1/10/2
DRO | Data, frame synchronization and serial clock signals for receiver of SIO-0 port, which
FSRO | connect to the receiver control signals for SIO-0 serial port.
CLKRO [

SIO-1 port control

DX1 0o/z Data, frame synchronization and serial clock signals for transmitter of SIO-1 port,
FSX1 110/Z2 which connect to the transmitter control signals for SIO-1 serial port.
CLKX1 1/10/2

DR1 | Data, frame synchronization and serial clock signals for receiver of SIO-1 port, which
FSR1 I/0 connect to the receiver control signals for SIO-2 serial port.
CLKR1 |

Timers/IO, DSP Reset and Interrupt Requests

TM/XI10-0 110 Timer/lO pins.
TM/XI10-1
RESET o Active low SIOX reset output pin.
IRQ-0 Active low external interrupt request inputs. Active DSP core’ external interrupt
RO-1 requests are generated on the falling edge (1-0) of /RQ-0 and IRQ-1.. inputs.
Power Supplies
GND Ground.
+5v +5v power supply.
+12v +12v power supply.
-5v -5v power supply.
-12v -12v power supply.
Note: 1. Signal type is denoted as the following: / - input, O - output, Z - high impedance.

3. Alllogical signal levels and load currents correspond to that for 3v/5v CMOS signals.
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SIOX rev.B site header

T/SU-X1 on-board SIOX rev.B site header with two seria portsis an industry standard dual-row 26-pin female
header with 0.1"x0.1" pin pattern. Compatible SIOX plug-in part on SIOX DCM must be the industry standard
either 26-pin 0.1"x0.1"male header (in case both SIO-0 and SIO-1 serial ports are used on SIOX plugged-in
DCM) or 20-pin 0.1"x0.1"male header (in case only SIO-0 serial port is used on SIOX plugged-in DCM).

SIOX rev.B site connector pinout with two seria ports is shown at fig.B-7 and signal specifications are listed in
table B-1.

DX1
CLKX1
FSX1

IRQ-0

TM/XI0-0
DX0
CLKX0
FSXo0
GND

-5v

-12v

Fig.B-7. SIOX rev.B connector pinout (top view).

Signal levels for SIOX interface signals of T/SU-X1 SIOX rev.B mini-extender is defined by host TORNADO
DSP coprocessor/controller and correspond to that for the CMOS/TTL signals with /5, =2ma and /5=-0.3ma

load currents.

CAUTION

Some TORNADO boards provide SIOX interface signal levelsfor CMOS/TTL only, whereas
other TORNADO boards provide SIOX interface signal levels universal for both 3V TTL and
standard 5V TTL. Refer to documentation for your particular TORNADO board for
information about SIOX interface signal levels.

T/SU-X1/XC mini-extender connection cable

T/SU-X1 SIOX rev.B mini-extender carrier board connects to host TORNADO DSP coprocessor/controller via
T/SU-X1/XC 10" (0.25m) long 34-pin 2mm flat cable.

T/SU-X1/XC mini-extender connection cable plugs to MXSIOX connector of T/SU-X71 SIOX rev.B mini-
extender carrier board on one side and to MXSIOX connector of host TORNADO DSP coprocessor/controller
on the other side (fig.B-3).
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on-board receiver serial clock return enable switches

T/SU-X1 SIOX rev.B mini-extender carrier board provides on-board SW1-1 and SW1-2 switches in order to
enable return of SIO-0 and SIO-1 receiver serial clock (CLKRO and CLKR1 correspondingly) SIOX interface to
host TORNADQO DSP coprocessor/controller depending upon the type of installed SIOX rev.B DCM.

T/SU-X1 SIOX rev.B mini-extender on-board SW1-1 and SW1-2 switches shall be used in conjunction with
host TORNADO DSP coprocessor/controller on-board common serial clock enable switches using general
recommendations below.

Host TORNADO DSP coprocessor/controller provides on-board common CLKX/CLKR serial clock enable
switches for each of serial ports of MXSIOX connectors.

CAUTION

In case on-board common serial clock enable switch of host TORNADO DSP
coprocessor/controller is set to ‘ON’, then the corresponding transmitter serial clock (CLKX)
and receiver serial clock (CLKR) are connected together on-board.

In case on-board common serial clock enable switch of host TORNADO DSP
coprocessor/controller is set to ‘ OFF', then the corresponding transmitter serial clock (CLKX)
and receiver serial clock (CLKR) are disconnected on-board.

Background for usage on-board common CLKX/CLKR serial clock enable switches of host TORNADO DSP
coprocessor/controller and T/SU-X1 SIOX rev.B mini-extender on-board receiver seria clock (CLKR) return
enable switches is the ‘long-line’ compensation issue for serial clock signals distribution over connection flat
cable between host TORNADO DSP coprocessor/controller on-board MXSIOX connector and 7/SU-X1 SIOX
rev.B mini-extender due to the ‘long-line wave nature’ of connection flat cable.

Although the ‘long-lin€’ compensation resistors are being used for control signals for serial ports at both host
TORNADO DSP coprocessor/controller and T/SU-X71 SIOX rev.B mini-extender boards in order to exclude
signal reflection, a ‘long-line’ non-compensation for serial clock signals can still occur in case installed SIOX
rev.B DCM is using common shorted serial clock for transmitter and receiver of SIO port (many SIOX rev.B
DCM actually use this in order to simplify design). Note, that this problem does not occur with SIO port frame
synchronization and serial data signals, since these signals always use dedicated lines of SIOX interface and
can't be connected together.
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CAUTION

In case installed SIOX rev.B DCM has been designed without on-board common shorted
CLKX/CLKR transmitter/receiver seria clock of SIO port and each serial clock isusing its
dedicated pins, then the corresponding host TORNADO DSP coprocessor/controller on-board
common CLKX/CLKR serial clock enable switch must be set to ‘ OFF and the corresponding
T/SU-X1 SIOX rev.B mini-extender on-board receiver serial clock (CLKCR) return enable
switch must be set to ‘ON’.

In case installed SIOX rev.B DCM has been designed with on-board common shorted
CLKX/CLKR transmitter/receiver serial clock of SIO port and both serial clocks are using
shared pins, then the corresponding host TORNADO DSP coprocessor/controller on-board

common CLKX/CLKR serial clock enable switch must be set to ‘ON’ and the corresponding
T/SU-X1 SIOX rev.B mini-extender on-board receiver serial clock (CLKCR) return enable
switch must be set to ‘ OFF'.

LED indicators

T/SU-X1 SIOX rev.B carrier board also provides two on-board LED indicators for host power (V1) and for
SIOX reset state (V2).

B.4 Physical Dimensions for SIOX DCM

Physical dimensions for SIOX DCM are presented at fig.B-8. This information is intended for those customers,
who need to design customized SIOX DCMs.
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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/0O: DDK DHA-RC14-R122N
DDK DHA-RC20-R122N
DDK DHA-RC26-R122N

Fig.B-8. Physical dimensions for SIOX DCM.
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Appendix C. Glossary of Terms.

This Glossary contains definition for terms and other synchronism, which are most often used along in this
manual.

A
B
bootmode
TMS320C54x DSP start-up procedure, which corresponds to loading of application code to
TS320C54x DSP memory from either on-board FLASH/EPROM, or HPI port, or DSP on-chip serial
port, or 1/0 port, etc. TORNADO-E54x DSP controllers support MP/NO-BMODE, MC/FLASHS-
BMODE and MC/HPI-BMODE DSP bootmodes only, which can be set via on-board SW2-1 and
SW2-2 switches. Refer to section 2.2 and original Tl documentation for more details.
BSP
TMS320LC548/TM S320V C549 DSP on-chip buffered serial ports. Refer to TI documentation for
more details.
C
CLKX, CLKR
Seria clock for transmitter and receiver of TMS320C54x DSP on-chip BSP/TDM/McBSP seria
ports. Refer to section 2.4 and Appendix B for more details.
D
DCM
Daughter-card module.
DEV_ID RG
IOX control read-only register, which contains information about TORNADO-E54x device ID code
and hardware revision ID code. Refer to section 2.2 for more details.
DSP

On-board TI TMS320C54x Digital Signal Processor. Refer to sections 2.1 and 2.2 for more details.

DSPINT
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Host-to-DSP interrupt request via TMS320C54x DSP on-chip HPI port, which appears as the
DSPINT bit of TMS320C54x DSP HPIC register. Refer to section 2.2 for more details.

DX, DR
Serial data for transmitter and receiver of TMS320C54x DSP on-chip BSP/TDM/McBSP seria
ports. Refer to section 2.4 and Appendix B for more details.

E
EPROM
Electrically programmable read-only memory chip. 8-bit EPROM chip in PLCC-32 IC package can
be installed into TORNADO-E54 on-board S1 in order to boot application code or to provide non-
volatile data. Refer to section 2.2 for more details.
F
FLASH
Electrically programmable and electrical erasable read/write memory chip. 8-bit FLASH chip in
PLCC-32 IC package can be installed into TORNADO-E54 on-board S1 in order to boot application
code or to provide non-volatile data. Refer to section 2.2 for more details.
FSX, FSR
Frame synchronization for transmitter and receiver of TMS320C54x DSP on-chip
BSP/TDM/McBSP serial ports. Refer to section 2.4 and Appendix B for more details.
G
H

HINT
DSP-to-host interrupt request via TMS320C54x DSP on-chip HPI port, which appears as the HINT
bit of TMS320C54x DSP HPIC register. Refer to section 2.2 for more details.

HPI
TMS320C54x DSP on-chip 8-bit host port interface, which is used to access DSP on-chip memory
and registers from host controller. Refer to section 2.2 for more details.

HPI disable control
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TORNADO-E5402/E5409/E5416 on-board HPI disable switch (SW2-3), which can be used to
disable DSP on-chip HPI port and to either use HPI port data lines (HDO..HD7) of on-board JP7
connector as general purpose 1/O pins, or to enable TMS320VC5402 DSP on-chip timer #1
(TORNADO-E5402 only). Refer to section 2.2 and origina TI documentation for more details.

10X
External 1/0 area for TORNADO-E54 on-board TMS320C54x DSP. 10X area comprises of on-
board peripherals (USART and USB), I/0O expansion interfaces (PIOX-16 and SIOX rev.C) and 10X
control registers. Refer to section 2.2 for more details.
J
JTAG
Joint Test Action Group interface, which is a part of the TMS320C2xx/VC33/C4x/C5x/
C54x/C6x/C8x DSP on-chip hardware, and is used to debug TORNADO-E54x on-board
TMS320C54x DSP software using external JTAG emulators (TI XDS510 and MicroLAB’
MIRAGE-510DX, UECMX). Refer to section 2.8 for more details.
JTAG-IN
On-board input connector, which is used for connection to external JTAG emulator. Refer to section
2.8 and Appendix A for more details.
K
L
LED
Light emitting diode indicator. Refer to Appendix A for more details.
M
McBSP

TMS320V C5402/TM S320V C5409/TM S320V C5416 DSP on-chip serial ports. Refer to sections 2.2
and 2.4 for more details.
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MC/FLASH8-BMODE
Bootmode from TORNADO-E54x on-board 8-bit FLASH/EPROM memory for on-board
TMS320C54x DSP, which is set via on-board SW2-1 and SW2-2 switches. DSP will start-up in
microcontroller mode. Refer to section 2.2 and original Tl documentation for more details.

MC/HPI-BMODE
Bootmode from external host controller via HPI port of TORNADO-E54x on-board TM S320C54x
DSP, which is set via on-board SW2-1 and SW2-2 switches. DSP will start-up in microcontroller
mode. Refer to section 2.2 and original T1 documentation for more details.

Microcontroller mode
TMS320C54x DSP start-up mode, which enables DSP on-chip ROM with bootloader code in order
DSP can boot from external ROM, HPI port, serial port, I/O ports, etc.. Refer to section 2.2 and
original Tl documentation for more details.

Microprocessor mode
TMS320C54x DSP start-up mode, which disable DSP on-chip ROM with bootloader code in order
DSP can start without boot process. Application code either must be already in external program
memory, or can be loaded via JTAG emulator via JTAG-IN port. This DSP start-up mode istypically
used for debugging application code. Refer to section 2.2 and original Tl documentation for more
details.

MIRQO_SEL_RG, MIRQ1_SEL_RG, MIRQ2_SEL_RG, MIRQ3_SEL_RG, MNM|_SEL_RG
IOX control registers, which are used to configure on-board interrupt source for TMS320C54x DSP
external interrupt inputs (INTO..3 and NM1). Refer to section 2.2 for more details.

MP/NO-BMODE
Bootmode for TORNADO-E54x on-board TMS320C54x DSP, which is set via on-board SW2-1
and SW2-2 switches and corresponds to no DSP bootmode and DSP start-up in microprocessor
mode. DSP will start-up in microcontroller mode. Refer to section 2.2 and original TI documentation
for more details.

MXSIOX
On-board connector for externa T/SU-X71 SIOX rev.B mini-extender. Refer to section 2.4 and
Appendix B for more details.
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PIOX-16
16-bit Parallel 1/0O eXpansion interface site for compatible daughter-card modules (DCM) at
TORNADO PC plug-in DSP systems and DSP controllers. TORNADO-Eb54x provides one on-
board PIOX-16 DCM site. Refer to section 2.3 for more details.

Pod
Electronic device, which connects external JTAG emulator with TORNADO-E54x on-board JTAG-
IN connector for uploading and debugging of TMS320C54x DSP software.

PX_IRQ-0, PX_IRQ-1
Interrupt requests from PIOX-16 DCM site. Refer to sections 2.2 and 2.3 for more details.

PX_RESET
Reset control bit of PXSX RESET_RG I0OX control register for PIOX-16 DCM site. Refer to
sections 2.2 and 2.3 for more details.

PXSX_RESET_RG
IOX control register, which is used to control reset signals for on-board SIOX rev.B/C DCM sites,
PIOX-16 DCM site, and for MXSIOX connector. Refer to section 2.2 for more details.

Q

R

RS232C external interface
External electrical interfaces for each channel of on-board USART chip, which provides up to 115
kBaud data transfer rate and is typicaly used in case the corresponding USART channel is
configured for ASYNCH protocol in order to connect to external host computer or peripherals.
RS232C external interface is selected via on-board SW4 switch. Refer to section 2.5 and original
Infineon documentation for more details.

RS422/EIA-530 external interface
External electrical interfaces for each channel of on-board USART chip, which provides up to 10
Mbit/s data transfer rate and is typicaly used in case the corresponding USART channel is
configured for either of HDLC/X.25, SDLC, MONOSY NC, BISY NC synchronous protocols in order
to connect to external network, or high-speed peripherals or host computers. RS232C external
interface is selected via on-board SW4 switch. Refer to section 2.5 and origina Infineon
documentation for more details.



106 TORNADO-E54x.  User’s Guide.

SIOX rev.B
Serial 1/0 eXpansion interface site revision B for compatible daughter-card modules (DCM) at
TORNADO DSP systems, controllers, and SIOX extenders. Refer to sections 2.2 and 2.4, and
Appendix B for more details.

SIOX rev.C
Enhanced serial 1/0 eXpansion interface site revision C for compatible daughter-card modules
(DCM) at TORNADO DSP systems, controllers. Refer to section 2.4 for more details.

SYS_STAT_RG
IOX control read-only register, which contains information about DSP start-up configuration. Refer
to section 2.2 for more details.

SX-A_RESET, SX-B_RESET
Reset control bits of PXSX _RESET_RG IOX control register for on-board SIOX rev.B/C DCM
siteand MXSIOX connector. Refer to sections 2.2 and 2.3 for more details.

SX_IRQ-0, SX_IRQ-1, SX_IRQ-2
Externa interrupt request inputs from TORNADO-E54x on-board SIOX rev.B DCM site, SIOX
rev.C DCM site and MXSIOX connector. Refer to section 2.4 for more details.

T
TDM
TMS320LC548/TMS320VC549 DSP on-chip time division multiplexed serial ports. Refer to Tl
documentation for more details.
T/SU-X1
External SIOX rev.B mini-extender, which can carry one SIOX rev.B DCM and connect to
TORNADO-E54x on-board MXSIOX connector. Refer to section 2.4 and Appendix B for more
details.
T/SU-X1/XC
Extender connector cable, which is used to connect externa SIOX rev.B mini-extender and
TORNADO-E54x on-board MXSIOX connector. Refer to section 2.4 and Appendix B for more
details.
TM/XI10-0/1
Software configurable timer/IO pins of on-board SIOX rev.B/C DCM sites, PIOX-16 DCM site and
MXSIOX connector. Refer to section 2.2 for more details.
U

USART
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Universal synchronous asynchronous receiver transmitter interface chip, which is the Infineon
SAB82532 ECC2 chip on TORNADO-E DSP controllers. Refer to section 2.5 and original Infineon
documentation for more details.

USART_IRQ
Interrupt request from on-board USART chip. Refer to sections 2.2 and 2.5, and original Infineon

documentation for more details.

USB device controller
Universal serial bus (USB) device controller chip, which is the Agere Systems either USS-820 or

USS-825 chip on TORNADO-E DSP controllers. Refer to section 2.7 and original Agere Systems
documentation for more details.

USB_IRQ
Interrupt request from on-board USB device controller. Refer to sections 2.2 and 2.7, and original

Agere Systems documentation for more details.

WDT
Watchdog timer. Refer to section 2.2 for more details.

WDT_EN_RG
IOX control register, which is used to enable reset of TORNADO-E54x on-bard DSP and

peripherals on WDT expiration condition. Refer to section 2.2 for more details.

WDT_RESET_RG
|OX control write-only register, which is used to reset WDT. Refer to section 2.2 for more details.

XDM_SEL
Bit of XDMP_RG 10X control register, which is used to select external data memory type (on-board

data SRAM or FLASH/EPROM), which will be used as external data memory for on-board
TMS320C54x DSP. Refer to section 2.2 for more details.

XDMP_SEL_RG
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IOX control register, which is used to select DSP external data memory type and particular memory
page of selected DSP external data memory, which will be mapped into DSP external data memory
space.. Refer to section 2.2 for more details.

XF
General purpose output pin of TMS320C54x DSP, which is controlled via DSP on-chip ST1 register.
DSP XF output is used in TORNADO-E54x DSP controllers in order to select either on-board
PIOX-16 DCM site, or other on-board peripherals (USART, USB and 10X control registers) and
SIOX rev.C DCM site, which will be mapped into external 1/O address space of on-board
TMS320C54x DSP. Refer to section 2.2 and original T1 documentation for more details.

XIO_CNF_RG, XIO_DIR_RG, XIO_DATA_RG
IOX control registers, which are used to control TM/XIO-0/1 timer/IO pins of on-board SIOX
rev.B/C DCM site, PIOX-16 DCM site and MXSIOX connector. Refer to sections 2.2, 2.3 and 2.4
for more details.
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