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CAUTION

dupma Mukpol/IAE Cucmemc Jimd (MJIC) octaBnseT 3a co6oi NMpaBo BHOCWUTH NiOObIe M3MEHEHUSI N NpeKpaLlaTh BbIMyCK U
noaaepXky nobbix U3genuin U NporpaMMHOro oGecrneveHusl, YNoMUHaeMbIX B HacTosiLleM [okymeHTe, 6e3 kakoro-nmbo
npeaBapuTENbHOTO YBEAOMITEHWS, €CNM MHOe cheumanbHo He oroBapuBaeTcs. MJ/IC pekomeHOyeT CBOMM MoKynaTensim
nonb30BaTbCsH NOANMHHBIMUA U CaMbIMU NOCIEAHUMU BEPCUAMMN (PUPMEHHBIX MHEDOPMALIMOHHBIX JOKYMEHTOB U OCYLLECTBNSATH
npeaBapuTenbHOE KOHCYMbTUpPOBaHUe C MPMOW nepen pas3MeLleHMeM 3akasa, YTobbl GbiTb YBEpeHHbIM, YTO HacTosiLas
MHOpMaLMs 4OCTOBEPHa Y NPUMEHMMA Ha TEKYLLMIA MOMEHT.

MJIC rapaHTMpyeT KayeCTBO M COOTBETCTBUE TEXHUYECKMX NapaMeTpoB NOCTaBMSEMON NPOAYKLMN NPUBEAEHHON TEXHUYECKON
cneundukaummn. Besikoe TecTMpoBaHWe U npoBepka NpoayKuun Npov3BoasTcst (hMPMON B CTENEHU U oGbemax, HEOBXOANMbIX
Ansi NOAAEPXKN HacTosLel rapaHTun. Kakoe-nnbo OononHUTENBHOE TECTUPOBaHME U NPOBEPKa NPOAYKLUMM Ha COOTBETCTBUE
Apyrum TpeboBaHNAM NPOBOASATCS NULLbL U TOMBKO B CyYasiX, BbINOMHAEMbIX MO CNeuuanbHbIM 3aKkasam, Unv Toraa, Korga ato
crneumasnbHO OroBapmBaeTcs.

MJIC He HeceT HMKaKON OTBETCTBEHHOCTW 3a MPaBUIbHOCTb (PYHKLIMOHMPOBaHWUA M paboTocnocobHOCTb 06opyAoBaHUS 1
nporpaMMHoro obecneyeHusi, pas3paboTaHHOrO W MW3rOTOBMEHHONO C MPUMMEHEHUEM MPOAYKUMM (UNM  OTAENbHbIX ee
KOMTMOHEHTOB) (hVPMbI, €CIN 3TO HE NOATBEPXAEHO creLmanbHbiM pupMeHHbIM cepTudmkaTom MJIC.

Mpoaykuus MJIC He npepHasHaveHa AnNA MPUMeHeHUs B annapaType, CUCTeMax Wnu u3denusix ANs  noanepXku
XusHngearenbHocTu. MpumeHeHne npoaykumn MJ/IC B Takom 0OOpyAOBaHUM KaTeropuyecku 3anpelleHo 6e3 creumanbHoro
nMcbMeHHoro noareepxeneHns ot MJ/IC nnu opurmHansHoro pupmMeHHoro ceptudukata M/IC.

IMPORTANT NOTICE

HacTosiwasn npoaykuna npegHasHadeHa OnA  UCNOJNb3OBaHWMA B COCTaBe na6opaTopHoro TEeCTOBOro U HaydHo-
nccnegoBaTtesibCKoro o6opy,u,oaaHM;|. MJIC He HeceT OTBETCTBEHHOCTW 3a pa60TOCI‘I0006HOCTb HacTosLen npoaykumn B
CoCTaBe pgpyroro Tuna oGopy,qoaava nvnu B OTNNYHBIX OT CI'IELI,I/ICbI/ILlVIpOBaHHbIX ycnoBusax aKkcnnyatauun. I‘Ipm
noBpexaeHnax HacTosLen npoayKunn, Bbl3BaHHbIX ee NpuMeHeHneM B CoCTaBe A4pyroro tuna O60py,EI,OBaHMFI n/vnm yCJ'IOBI/IVI
aKcnnyartauuu, FapaHTMVIHbIe obs3aTenbcTBa aHHYINMpPYyTCA 6e3 kakoro-nubo Bo3MeLLeHUst yu.l,ep6a 1N PEMOHT NponsBoanTCA
3a CHeT nokynartend.

HacToswasn npoaykuua reHepupyeT, UCNoNb3yeT U MOXET uany4vatb pagMovacTOTHYHO 3HEepPruto, KoTopada MOXET co3faBaTb
pagno4acToTHble NoMexn OnA ,D,pyFOVI annapaTtypbl, HECMOTPA Ha BCE KOHCTPYKTUBHbIE U ApYyrne Mepbl, npeanpuHATbie Ana
MUHMMUK3aUMK co3daBaeMbix nomex. OgHako, B Clny4yae BO3HUKHOBEHUA nomex ansd paGOTbI ,D,pyFOIZ annapaTtypbl nokynatesb
[OOIMKEH cam 1 3a CBOWN cyeT NPUHATb Mepbl ONA NX yCTpaHeHUa Unmn yMmeHbLUeHUA.

ITEMS OF LICENSE AGREEMENT

Hukakme yactTu HacTosiiero OOKyMeHTa, annapaTHble W NporpamMMHble 4acTW HacTosed MpoayKuMM He MoryT ObiTb
peaccemMbnpoBaHbl, peTpaccupoBaHbl U/UMM U3MEHEHbI C LiENbI0 BOCCTAHOBIEHUSI W/UMN U3MEHEHUST SNTEKTPUYECKON CXEMBI,
KOHCTPYKUUM, anropuTMa paboTbl Uiy npuHUmMna yHKUMOHMPOBaHMS MoObIMU MeTogamu, BOCNPOU3BEAEHb!, CKOMMPOBaHbI,
3anoMHeHbl B apxuMBax C BO3MOXHOCTbIO BOCMpOM3BeAeHUs, a Takke nepefdaHbl MO CpeacTBam CBA3M B nobom Buae u
NoGbIMU MeToaaMu, 6yab TO 3NEKTPOHHbIE, MEXaHMYECKNE, KOMUPOoBaribHble, hoTorpacmyeckme, 3anucbiBatoLLme Unu gpyrue,
6e3 npeaBapuTENbHO BblAHHOTO (OMPMEHHOTO MMCbMEHHOTO paspeluenuns oT MJIC. HapyweHne HacTOSLEro noroXeHns BHe
3aBWCMMOCTM OT MpUOBPETEHUSI HacTosILed NPoAyKUMM W/ OOKYMEHTa TPaKTyeTCs Kak HapylleHWe aBTOpCKWX MnpaB u
npecneayeTcsi No 3aKoHy.

I'Ip|/|06peTeH|/|e HacTosLen npoaykuumn aBToMaTuU4eCkn O3HayaeT cornacue nokynatena C nonoxeHnmamum nuueH3nOoHHOro
cornaweHusa, paBHO Kak U OpYyruMn NoJsioXXeHUAMKU 3akoHa 06 aBTOPCKUX NnpaBax. HapyLueHme HaCTOALLMX NOSOXKEHWN, paBHO
KaK 1 Opyrmx NosoXeHuin 3akoHa 06 aBTOPCKMX NpaBax, TPaKTyeTCA KaK HapylLleHne aBTOPCKUX npas, npecneanyetcd no 3akKoHy
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About this Document

This user’s guide contains description for TORNADO-PX/DDC4 quad channel digital radio receiver (DRR)
PIOX-16 Coprocessor and stand-alone controller for TORNADQO DSP systems/controllers.

This document does not include detail description neither for the on-board components nor for the
corresponding software and hardware applications. To get the corresponding information please refer to the
following documentation:

1. TMS320C54x. CPU and Peripherals. Reference Guide. Texas Instruments Inc,
SPRU131D, 1997.

2. TMS320VC5410 DSP. Texas Instruments Inc, SPRS075, 1999.

3. TMS320VC5416 DSP. Texas Instruments Inc, SPRS095, 1999.

4. TMS320C54x DSP Reference Set. Volume 5: Enhanced Peripherals. Texas Instruments
Inc, SPRU302, 1999.

5. TMS320C5000 DSP Family Functional Overview. Texas Instruments Inc, SPRU307, 1999.

6. HSP50214 Programmable Down Converter. Intersil Inc, 1999.

7. PC16552D Dual Universal Asynchronous Receiver/Transmitter with FIFO. National
Semiconductor Inc, 1995.

Warranty

The warranty period for al 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.

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:  jnfo@mlabsys.com|

technical support: lsupport@mlabsys.com|

WMWY http.//www.mlabsys.com|
FTP: fto://ftp.mlabsys.com|
Trademarks

TORNADO-3x, TORNADO-4x, TORNADO-54x, TORNADO-P6x, TORNADO-P3x, TORNADO-PX,
TORNADO-SX, TORNADO-E, TORNADO-EL, MIRAGE-510DX, UECMX, PIOX-Link are trademarks of
MicroLAB Systems Ltd
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TMS320, XDS510, Code Composer are trademarks of Texas Instruments Inc
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Chapter 1. Introduction 1

Chapter 1. Introduction

This chapter contains general description for TORNADO-PX/DDC4 quad-channel digital radio receiver (DRR)
PIOX-16 coprocessor/controller.

1.1 General Information

TORNADO-PX/DDC4 is a quad-channel DRR coprocessor PIOX-16 (parallel 1/0O expansion) daughter-card
module (DCM) (fig.1-1) for TORNADO DSP systems (TORNADO-3x/54x/6x/P3x/P6x/etc) and
TORNADO-E stand-alone DSP controllers (TORNADO-E3x/E6x/etc) from MicroLAB Systems Ltd.

TORNADO-PX/DDC4 can be aso used as stand-alone DRR application specific controller with on-board DSP
facility and serial communication with host computer.

TORNADO-PX/DDC4 DCM has been designed for multi-channel high-frequency and high-accuracy DRR
telecom applications, however it can be used for many other applications with similar signal processing
algorithm.

&
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Fig. 1-1. TORNADO-PX/DDC4 DCM.

Installation onto TORNADO DSP System/Controller

TORNADO-PX/DDC4 DCM installs as PIOX-16 DCM (fig.1-2) into the PIOX-16 site onto TORNADO DSP
system/controller mainboard.
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Fig. 1-2. TORNADO-PX/DDC4 DCM installed onto TORNADO-31 mainboard.

Using TORNADO-PX/DDC4 as Stand-alone Controller

In case TORNADO-PX/DDC4 DCM is considered to be used as stand-alone multi-channel DRR application
specific controller, then PIOX-16 connector is not used and external power must be applied via the dedicated
on-board connector. Communication with external host computer can be performed either via RS232 port or via
on-chip McBSP serial port of on-board DSP.

Overview

TORNADO-PX/DDC4 DCM features the following main on-board components:
* two 12-bit 65 Msps analog-to-digital converters (ADC)
* ADC streams multiplexer
» four 65 M SPS programmable down converters (PDC)
e bypassFIFO
e set of programmable peripherals
e 100 MIPS (or 160 MIPS) 16-bit fixed-point DSP
*  host PIOX-16 interface.

On-board ADC feature 12-hit resolution at up to 65 MHz sampling frequency with excellent linearity, which
guarantee minimum signal distortion during sampling of RF inputs. Also, input analog circuits and ADC allow
undersampling of input RF signal.

Output ADC streams are routed to four Harris HSP50214 programmable down converters (PDC) and bypass
FIFO via programmable ADC streams multiplexer. Four on-board PDC are organized as two groups of two
PDC each, with each PDC group sharing common input data stream. Harris HSP50214 PDC is extremely
flexible telecom oriented PDC chip, which provides high-resolution tuning and mixing of input digital stream
with further decimation, filtering, resampling and demodulation of input digital data. The PDC parallel outputs
can be software configured to comprise of different output data. On-board 256 KW high-density bypass FIFO is
useful for monitoring and spectral analysis of ADC output data.
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PDC parallel output data along with the output of bypass FIFO are available for read by the on-board high
performance 16-bit fixed-point 100 MIPS TMS320V C5410 DSP (or 160 MIPS TMS320VC5416 DSP). DSP
can be used for processing of PDC real-time output data, reading/analyzing FIFO output data, programming of
PDC/FIFO and on-board peripherals, system control, communication via host PIOX-16 interface and for
communication with external equipment. On-board DSP environment also includes 128K FLASH memory for
stand-alone operation, and 32K dua-port RAM (DPRAM) for data storage and communication with host
TORNADO DSP system/controller via PIOX-16 interface.

Host PIOX-16 interface provides access to on-board DRPAM, HPI port of on-board DSP, and contains a set of
control registers for DSP reset and bootmode control, host interrupt selection, and for error processing.

TORNADO-PX/DDC4 DCM dso contains a set of on-board peripherals, which are controlled by the on-board
DSP and required for design a complete single-channel programmable DRR system with a minimum of external
components. These on-board peripherals comprise of two high-resolution sampling frequency generators, dual
UART with RS232C interfaces for externa tuner control, two 12-bit DAC for gain control of externa RF
amplifiers or general purpose analog output, 16-bit audio-DAC for either external phones or general purpose
analog output, two external serial links for either digital gain control of externa RF amplifiers or general
purpose serial digital output, digital 1/0, and DSP reset controller with watchdog timer.

TORNADO-PX/DDC4 DCM can be also used as stand-alone multi-channel DRR application specific
controller without installation onto host TORNADO DSP system/controller. In this case the external power
must be applied via the dedicated on-board connector, and on-board DSP is able to boot from the on-board
FLASH memory. Communication with external host computer can be performed either via RS232 port or via
on-chip McBSP serial port of on-board DSP.

External signal I/O

Connection of TORNADO-PX/DDC4 DCM to external analog and digital 1/0 world is performed either via on-
board 1/0O connectors or by means of external 1/0 board (T/X-XIOB/DDC4) (fig.1-3).

T/X-XI0OB/DDC4 externa 1/0 board splits TORNADO-PX/DDC4 on-board 1/0 connectors into two logical
groups (channels) with I/O connector specifications of that for T/SDAS-DDC1 single-channel DRR SIOX
DCM for TORNADO DSP systems/controllers. This alows TORNADO-PX/DDC4 PIOX-16 DCM and
T/SDAS-DDC1 SIOX DCM to useidentical cables and options for connection to external equipment.
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| TE-XIOED0CE |
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Fig. 1-3. TORNADO-PX/DDC4 DCM and T/X-XIOB/DDC4 external I/O board.

T/X-XIOB/DDC4 externd 1/O board installs either to the rear mounting bracket of host TORNADO DSP
system in case TORNADO-PX/DDC4 DCM isinstalled onto TORNADO DSP system for PC (fig.1-4), or can
install directly at the rear panel of host PC.

TORNADC-PEOOCY |—N

PSR TNy e
T-XI0800CY
External 1D Board

TORMADOL82 L= A LA = g
Mainbcard ks |

Fig. 1-4. TORNADO-PX/DDC4 DCM with T/X-XIOB/DDC4 external 1/0 board installed onto
TORNADO-62 PC plug-in DSP system.

External options

TORNADO-PX/DDC4 DCM can be used with several I/O options when connecting to external signa /O
equipment:



Chapter 1. Introduction 5

e T/X-DDC1/C externa 1/0O cable set (fig.1-5 and Appendix C), which provides separate industry
standard connectors for RF analog input, anal og outputs, RS232C interface and auxiliary 1/O (refer to
Appendix C for more details)

»  T/X-DDC/AFE-xx external RF amplifier (fig.1-5), which is optional for TORNADO-PX/DDC4
DCM.

| TiX-DOAFE g
Esterral RF Amplier |

Ta-pocre |
Lmbin Sal |

T M TORDOC 4 |

FoENADO-EEa0Cd |
[l T | Ertorral V) Board

T re.opcee
Gt Sal

Fig. 1-5. TORNADO-62 PC plug-in DSP system with TORNADO-PX/DDC4 DCM, T/X-XIOB/DDC4
external I/O board, T/X-DDC1/C external I/O cable set and T/X-DDC/AFE-xx external RF amplifier.

Two T/X-DDC1/C external cable sets (Appendix C, fig.1-3) come standard with TORNADO-PX/DDC4 DCM
and provide direct connection to any external RF signal source, external host computer or peripheral via
RS232C interface, and auxiliary analog and digital 1/0 via separate industry-standard connectors. T/X-DDC1/C
external cable sets connect to 7/X-XIOB/DDC4 external 1/0 board for TORNADO-PX/DDC4 DCM.

The T/X-DDC/AFE-xx external RF amplifier (fig.1-3) is optiona for TORNADO-PX/DDC4 DCM and
provides software programmable gain and factory defined RF signal bandwidth. This option can connect to any
of two channels of T/X-XIOB/DDC4 external 1/0 board for TORNADO-PX/DDC4 DCM and is useful in case
external RF tuner provides small RF output signal, which is a typical situation with the most industry standard
tuners. The T/X-DDC/AFE-xx option is available with different bandwidth and gain parameters, and it is also
possible to customize the bandwidth and gain parameters of this option in order to meet requirements of
customer application (contact MicroLAB Systems for more details). The RS232C interface 1/0, analog output
and auxiliary 1/0 are available on separate connectors at the T/X-DDC/AFE-xx device package.

Applications

TORNADO-PX/DDC4 DCM has been designed for high-accuracy multi-channel DRR telecommunication
applications, as well as for other industrial and general signal processing applications, which assumes similar
signal processing and demodulation techniques and meets the frequency specifications of TORNADO-
PX/DDC4 DCM.
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1.2 Technical Specification

The following are detail technical specifications for TORNADO-PX/DDC4 quad DRR coprocessor/controller
for TORNADO DSP systems/controllers.

Some of on-board components of TORNADO-PX/DDC4 DCM may appear very hot during
operation and can deliver skin sore in case of direct contact.

Although it is generally not required for normal operation of the TORNADO-PX/DDC4
DCM, it is recommended to provide airflow over TORNADO-PX/DDC4 DCM board surface
by means of optional fan/blower in order to exclude excessive heating of TORNADO-
PX/DDC4 DCM and of the neighbor boards installed into the same chassis compartment.

CAUTION

Parameter description

RF inputs and ADCs

number of RF input channels
input RF signal range
input impedance for RF inputs

input signal bandwidth

parameter value

2
+(0.5V =30 mV (typ))
50 Ohm

5 kHz .. 150 MHz

Resolution 12 bits
SNR (Fs=31MHz) 67 dB (typ)
maximum sampling frequency 65 MHz
input DC bias + 1V max

other ADC options

ADC streams multiplexer

overflow control

number of input streams 2
number of output streams 3
number of data bits in each I/O stream 12

Programmable Down-Converter Chips (PDC)
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number of PDC channels
input PDC data streams organization
PDC type

maximum CLKIN sampling frequency
(either set by on-board PFG-1/2 or sourced from external
XFS-1/2 inputs)

PROCLK frequency
decimation factor

build-in hardware demodulators

output signal bandwidth
Bypass ADC data FIFO

FIFO depth

programmable end-of-acquisition condition
Programmable Sampling Frequency Generators (PFG)

number of PFG channels

output frequency range

reference clock frequency

Stability of reference clock frequency

PLL lock time to within 1% of output frequency

period jitter

External Sampling Frequency (XFS) inputs
number of XFS inputs
maximum XFS frequency
logical input level
input impedance

general purpose DAC (XDAC)

4
2x2
Intersil HSP50214 PDC

65 MHz

50 MHz
4.16384

AM, FM, ASK, FSK
ready for PM/PSK

<982 kHz

256 KW (256Kx12)

PAF/FF

2

0.09765 MHz .. 65 MHz
10 MHz

+ 50 PPM

<200uS

+40 pS (MSV)
+ 120 pS (absolute)

2
65 MHz
3v/5v TTL

110 Ohm
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number of DAC channels
resolution

software programmable output signal range

minimum load resistance

output settling time

phone DAC (PHDAC)

number of phone DAC channels
resolution

output signal range

minimum load resistance

output settling time

External Serial Links (XSL)

number of XSL output channels
(XSL output frame synchronization pulses)

number of output data bits

output serial clock frequency

output serial clock features

output signals level

output load current

Dual-channel UART (DUART)

number of UART channels

DUART chip

external I/O interface

source clock frequency

2

12 bits

0..2.048 VDC
0..4.096 VDC

2 kOhm

<3.5uS

16 bits

+3VDC

= 600 Ohm

<3uS

software selectable from:

8, 16, 24, 30 bits
<20 MHz

programmable polarity
programmable framing

3v/5v TTL

<3.2mA

2

PC16552D from National

Semiconductor Inc
(each channel is

hardware/software compatible with

PC COM-port)
RS232C

1.8432 MHz
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maximum communication speed
External Digital /0O

number of programmable digital 1/0O bits

I/O signal level
output load current
Watchdog timer (WDT) and DSP reset controller (RC)
WDT latency period
duration of external reset input signal
duration of the output DSP reset signal
DSP

DSP type

FLASH memory
FLASH memory capacity
FLASH memory options
Host PIOX-16 Interface

number of occupied I/O ports

dual-port RAM (DPRAM) capacity
dual-port semaphores (DPSEM)

DPRAM options

PIOX-16 interrupt request inputs

I/O ports

access time

physical and power:

115 kBaud

2 1/O bits with programmable
direction

3v/5v TTL

<3.2mA

1.6 sec typ
>500 ns

>(0.2 sec

100 MIPS TMS320VC5410 or
160 MIPS TMS320VC5416

128Kx8

on-board write protection

65K=65,536 (2'°) organized as 32K
DPRAM area and 32K I/O ports

32Kx16
8

Host-to-DSP and DSP-to-Host
interrupt generation

software selectable from
IRQ-0, XIRQ-1, XIRQ-2

control registers, DSP HPI port

< 20 ns (control register access)
< 31ns..140ns (HPI access)
< 36 ns (DPRAM/DPSEM access)
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dimensions

power consumption via host PIOX I/F

external operating temperature

recommended fan/blower airflow

65 mm (2.55”) x 85 mm (3.34”)

+5v @ 1.5A
+12v @ 0.43 A
12v@0.1A

0°C .. +55°C

>0.2 m*/min
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Chapter 2. System Architecture and
Construction

This chapter contains detail technical description for architecture and construction of TORNADO-PX/DDC4
PIOX-16 coprocessor/controller.

2.1

System Architecture

System architecture and construction for TORNADO-PX/DDC4 PIOX-16 coprocessor/controller are presented

at fig.2-1 and fig.2-1.
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Fig.2-1.

Block diagram of TORNADO-PX/DDC4 DCM.
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Fig.2-2. Construction of TORNADO-PX/DDC4 DCM.

TORNADO-PX/DDC4 can either install as PIOX-16 DCM onto host TORNADO DSP system/controller, or
can be used as stand-al one application specific controller.

TORNADO-PX/DDC4 DCM comprises of the following components:

* RFanalog input section, which includes two 12-bit 65 Msps ADCs (ADC-1..2) and two RF input
amplifierswith RF input connectors (JP5 and JP6)

e programmable 2:3 ADC streams multiplexer (ADC-SMUX)

o four 65 MSPS Intersil HSP50214 PDC chips (PDC-1..4)

*  two programmable sampling frequency generators (PFG-1..2)

* 256 KW bypass FIFO

» either 100 MIPS TMS320V C5410 DSP or 160 MIPS TMS320V C5416 DSP

e 128 KB FLASH memory with on-board write protection feature

e anaog output section, which comprises of two 12-bit 300ksps DAC (XDAC-1..2) for either gain
control of external RF amplifiers or general purpose analog outputs, and of 16-bit 300ksps phone DAC
(PH-DAC) for either audio monitoring or general purpose analog output

e two programmable externa serial output links (XSL-1..2) for either digital gain control of external RF
amplifier or general purpose serial output

*  dual-channel 115 kBaud UART (DUART with UART-1..2 channels) with RS232C interfaces for either
external tuner control, or for communication with host computer and external peripherals viathe
industry standard asynchronous seria protocol

*  2-bit general purpose programmable digital 1/0 (GPIO-0..1)
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e DSP bootmode and reset controller (BMRC) with watch-dog timer (WDT), DSP reset pushbutton
(SW1) and DSP bootmode configuration switch (SW2)

e 32 KW dua-port RAM (DPRAM) with 8 dual-port semaphores (DPSEM) and bi-directional interrupt
generation

* synchronization and control unit (SCU)

e DSPJTAG-IN connector (JP3) for connection to external MPSD/JTAG emulator

e externa 1/0O connector (JP2)

e externa link and power connector (JP4)

» host PIOX-16 interface header (JP1) for installation onto TORNADO DSP systems/controllers.

ADC and RF input amplifiers

TORNADO-PX/DDC4 DCM provides two on-board RF analog input channels each comprising of RF input
amplifier and ADC.

RF input amplifiers connect to external analog world via mini-coax on-board JP5 and JP6 connectors, and
provide 50 Ohm input impedance and wide signal-pass bandwidth.

On-board ADC feature 12-bit resolution at up to 65 MHz sampling frequency and excellent linearity, which
guarantee minimum signal distortions during conversion of RF input signal. ADC alow undersampling of RF
input signals. ADC sampling frequency can be individually configured by on-board DSP software to come from
any of two on-board programmable sampling frequency generators (PFG-1 and PFG-2) or from any of two
external sampling frequency inputs (XFS-1 and XFS-2).

On-board hardware also provides real-time overflow control for each ADC in order to guarantee that no
distortions have been occurred during A/D conversion of RF input signal and that the signal processing inside
PDC is performed properly. Overflow flags can generate interrupts to DSP and are also available for software
polling.

For more details about ADC refer to section “RF Signal Processing” later in this chapter.

ADC streams multiplexer (ADC-SMUX)

Each of two ADC output data streams can be routed to the input data streams for two PDC sets (PDC-1/2 and
PDC-3/4) chips and bypass FIFO via programmable ADC streams multiplexer (ADC-SMUX). ADC-SMUX is
controlled by DSP software and delivers outstanding flexibility for run-time configuring of RF digital signal
processing paths.

For more details about ADC-SMUX refer to section “RF Signal Processing Control” later in this chapter.

PDC

On-board PDC pool comprises of four Intersil HSP50214 PDC chips, which provide digital down conversion of
high-bandwidth parallel ADC output stream to the low-band PDC output data stream. PDC output data can be
read and processed by on-board DSP. Each PDC chip provides one DRR signal processing channel.

Intersil HSP50214 PDC chip is the industry most flexible and powerful 16-bit 65 Msps PDC chip, which is
oriented for telecommunication applications. It features on-chip digital mixer/NCO, digital filters/decimators,
resampler, automatic digital gain control, and output digital demodulator. It provides up to 16384 decimation
factor, built-in AM/FM/ASK/FSK demodulator (ready for PH/PSK demodulation), and programmable output
data in order to meet requirements of different telecommunication applications. NCO, mixer, filter and
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decimator parameters along with 16-bit output data selectors of Intersil HSP50214 PDC chips can be
programmed by the on-board DSP.

On-board PDC pool is organized as two sets of two PDC chips each (PDC-1/2 and PDC-3/4). Both PDC chips
within one PDC set share common 12-bit input data stream, which is the ADC output data stream coming out
from the corresponding output of ADC-SMUX.

For more details about PDC refer to section “RF Signal Processing Control” later in this chapter.

Bypass FIFO

On-board 256 KW (256K x12) high-density bypass FIFO can be used for monitoring and spectral analysis of
ADC output data. 12-bit input data stream for bypass FIFO is the ADC output data stream coming out from the
FIFO output of ADC-SMUX.

Bypass FIFO can acquire any programmable number of ADC output data samples, whereas on-board DSP
software must read and analyze FIFO data in order to detect ‘active’ sub-bands within the full input signa
bandwidth and to tune PDC to particular active sub-band.

For more details about bypass FIFO refer to section “RF Signal Processing Control” later in this chapter.

sampling frequency generators (PFG-1 and PFG-2)

TORNADO-PX/DDC4 DCM provides two programmable sampling frequency generators (PFG-1 and PFG-2).
Each PFG allows accurate setting of virtually any sampling frequency value for the on-board ADC-PDC and
ADC-FIFO paths within the 97 kHz .. 65 MHz frequency range. The sampling frequency, which value is out of
this frequency range, must be supplied from external sampling frequency inputs (XFS-1 and XFS-2).

For more details about PFG-1 and PFG-2 programmable sampling frequency generators refer to section “Serial
Peripherals’ later in this chapter.

TMS320C54x DSP

On-board DSP is 16-bit fixed-point high-performance either 100 MIPS TMS320V C5410 DSP or 160 MIPS
TMS320VC5416 DSP with large on-chip memory (64 KW for TMS320VC5410 DSP and 128 KW for
TS320VC5416 DSP), six programmable DMA channels, three multi-channel buffered seria ports (McBSP), and
HPI port.

On-board DSP can be used to process of PDC real-time output data, to read and analyze of FIFO output data, to
program PDC/FIFO and on-board peripherals, for system control, for communication with host DSP of host
TORNADO DSP system/controller, and for communication with external equipment.

On-board DSP environment also includes 128K FLASH memory for stand-alone operation and 32K dual-port
RAM (DPRAM) for data storage and communication with host TORNADO DSP system/controller via PIOX-
16 interface.

On-board TMS320C54x DSP can run either in stand-alone or host mode under control of host TORNADO DSP
system/controller via host PIOX-16 interface. When running in stand-alone mode, DSP can start either in the
“microprocessor’ mode without boot (used for DSP software debugging), or boot from the on-board FLASH
memory. When TORNADO-PX/DDC4 DCM s installed onto host TORNADO DSP system/controller and is
running in host mode, then DSP can start either in either in the ‘microprocessor’ mode without boot (used for
DSP software debugging), or boot from either HPI port or from on-board FLASH memory.
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For more details about on-board DSP refer to section “DSP Environment” later in this chapter.

FLASH

TORNADO-PX/DDC4 provides 128Kx8 of on-board FLASH memory for boot code and/or for non-volatile
data. On-board FLASH memory has multi-page 4x32K organization in order to fit external data memory area of
on-board TMS320C54x DSP. Also provided is the on-board write protection facility in order to ensure data
safety and integrity for FLASH contentsin case the FLASH data shall not be altered.

For more details about on-board DSP refer to sections “DSP Environment” later in this chapter and Appendix D
“FLASH Memory Programming”.

DPRAM

TORNADO-PX/DDC4 provides 32K dual-port RAM (DPRAM) for data storage and communication with host
TORNADO DSP system/controller via PIOX-16 interface.

On-board DPRAM extends memory environment of on-board DSP, and allows quick random access to shared
data from host TORNADO DSP system/controller via PIOX-16 interface (DSP on-chip HPI port requires
preliminary address load prior accessing actual data), which is required for high-performance communication
and synchronization between DSP and host TORNADO DSP system/controller environment.

DPRAM can also generate DSP-to-HOST and HOST-to-DSP interrupts, and includes eight dual-port
semaphores for software synchronization between DSP and host TORNADO DSP system/controller when
accessing shared resources.

For more details about on-board DSP refer to section “DSP Environment” later in this chapter.

Dual-channel UART with RS232C interface

On-board dual-channel universal asynchronous receiver/transceiver (DUART) with RS232C interface has been
designed for external RF tuner control, interfacing to general purpose peripherals or for communication with
host computer using industry standard asynchronous protocol and RS232C interface. Most of the industry
standard RF tuners (AOR, ICOM, etc), which can be used with the TORNADO-PX/DDC4 DCM, provide
RS232C input port for remote control.

On-board DUART is based around the industry standard PC16552D chip from National Semiconductor Corp.
Each DUART channel (UART-1 and UART-2) is hardware compatible with PC COM port and can
communicate at up to 115 kBaud via RS232C interfaces, which are available at JP2 external 1/0 connector. The
DUART is sourced by 1.8432 MHz clock, which allows communication at all industry standard baud rates up to
115 kBaud.

For more details about DUART refer to section “DSP Environment” later in this chapter.

Analog output section

Analog output section of TORNADO-PX/DDC4 DCM comprises of two 12-bit 300ksps digital-to-analog
converters (XDAC-1 and XDAC-2) for either gain control of externa RF amplifiers or general purpose analog
outputs, and of 16-bit 300ksps phone DAC (PHDAC) for either audio monitoring or general purpose analog
output. XDAC-1, XDAC-2 and PHDAC outputs are DC coupled and are available at JP2 external 1/0 connector.
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For more details about XDAC-1, XDAC-2 and PHDAC peripherals refer to section “ Seria Peripherals’ later in
this chapter.

External serial links (XSL)

External programmable seria links (XSL-1 and XSL-2) of TORNADO-PX/DDC4 DCM are provided for
digital gain control of external RF amplifiers, however they can be also used for general purpose serial data
output. XSL-1/2 output signals are available at JP2 external 1/0O connector.

XSL feature programmable data format (8/16/24/30 data bits), programmable serial clock polarity, and
programmable serial clock framing feature.

For more details about XSL-1 and XSLC-2 peripherals refer to section “ Serial Peripherals’ later in this chapter.

Programmable general purpose I/O

TORNADO-PX/DDC4 provides two programmable general purpose 1/0 bits (GPIO-0 and GPIO-1), which are
available at JP2 external 1/0 connector. GPIO-0/1 1/0 pins are 3v/5v TTL compatible and can be used as general
purpose I/O for control and interfacing to external peripherals.

Direction and input/output data for GPIO-0/1 pins are programmable by the on-board DSP. Active low
condition at GPIO-0/1 1/O pins can also generate interrupt requests to the on-board DSP.

For more details about GPIO refer to section “DSP Environment” later in this chapter.

Host PIOX-16 interface

Host 16-bit PIOX-16 interface (JP1 connector) provides access to on-board DRPAM, DSP on-chip HPI port,
and contains a set of control registers for DSP reset and bootmode control, host interrupt selection, and for error
processing.

For more details about host PIOX-16 interface refer to section “Host PIOX-16 Interface” later in this chapter.

DSP Bootmode and Reset Controller (BMRC)

The DSP reset and bootmode control are provided by TORNADO-PX/DDC4 on-board DSP bootmode and
reset controller (BMRC). BMRC is controlled by on-board SW2 configuration switch, SW1 reset pushbutton,
watch-dog time, XRESET signal from JP4 external link/power connector, and by host TORNADO DSP
system/controller via host PIOX-16 interface.

The DSP reset signal can be either controlled by host TORNADO DSP system/controller in case TORNADO-
PX/DDC4 DCM is running in host PIOX-16 mode, or is generated on-board in case DSP is running in stand-
alone mode.

Watchdog timer (WDT)

TORNADO-PX/DDC4 features on-board watch-dog timer (WDT) in order to increase reliability of DSP
operation in stand-alone operation. In case DSP is running in stand-alone mode with the WDT feature enabled,
and while the DSP is operating properly, it should perform reset of WDT every 1.6 sec, otherwise the WDT will
generate the DSP reset signal and will restart TORNADO-PX/DDCA4.
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Stand-alone operation

TORNADO-PX/DDC4 DCM has been designed with support for stand-alone operation also, which is required
for embedded applications.

In stand-alone operation, on-board DSP can boot from the on-board FLASH memory and can communicate with
external world either via on-board DUART with RS232C interfaces, or via DSP on-chip McBSP-0 port, which
is available via JP4 external link/power connector. Host PIOX-16 interface is switched off during stand-alone
operation.

The external power and external DSP reset signal (XRESET) for stand-alone operation can be applied either via
the power pins of host PIOX-16 interface, or viathe power pins of JP4 external link/power connector.

For more details about stand-alone operation and JP4 connector specifications refer to section “DSP
Environment” later in this chapter and to Appendix A.

Debugging TMS320C54x DSP software

On-board TM S320C54x DSP software for TORNADO-PX/DDC4 can be devel oped and debugged using either
Tl XDS510 or MicroLAB’ MIRAGE-510DX scan-path emulators via on-board JTAG-IN connector (JP3) and
using Tl C5000 Code Composer Studio IDE.

2.2 DSP Environment

TORNADO-PX/DDC4 DCM on-board DSP environment is based around the TM S320C54x high-performance
16-hit fixed point DSP from TI, which must be used for processing of PDC real-time output data, reading and
analyzing FIFO output data, programming PDC/FIFO and on-board peripherals, system control, for
communication with host DSP of host TORNADO DSP system/controller, and for communication with external
equipment.

DSP

TORNADO-PX/DDC4 DCM has been designed to utilize any of following 16-bit high-performance
TMS320C54x fixed-point DSP from Tl:

* 100 MIPS TMS320VC5410 DSP

e 160 MIPS TMS320VC5416 DSP.

Each of the above DSP features large on-chip memory (64 KW for TMS320VC5410 DSP and 128 KW for
TS320V C5416 DSP), six programmable DMA channels, three multi-channel buffered serial ports (McBSP), and
on-chip HPI port.
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CAUTION

This manual does not contain description and programming details
for on-board TI TM S320C54x DSP.

For more information 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.

DSP bootmode configurations and reset control

The DSP bootmode configuration is defined by on-board SW2 switch (fig.2-1 and A-1) and by bits { BMODE-
1, BMODE-0} of HOST_CNTR2_RG register (refer to section “Host PIOX-16 Interface” later in this chapter)
from host TORNADO DSP system/controller via host PIOX-16 interface.

The DSP reset signal source is defined by current DSP bootmode configuration and is controlled by on-board
SW1 reset pushbutton (fig.2-1 and A-1), by XRESET signa from on-board JP4 external link/power connector,
by on-board WDT expiration event (in case the WDT feature is enabled), and by M_GO bhit of
HOST_CNTR1_RG register (refer to section “Host PIOX-16 Interface” later in this chapter) from host
TORNADO DSP system/controller via host PIOX-16 interface.

Refer to table 2-1 for the summary of DSP bootmode configurations and for the DSP reset conditions.
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Table 2-1. DSP Bootmode Configurations.

SW2 HOST_CNTR2_RG bootmode description
on-board switch register bits of host

PIOX-16 interface

SW2-1 | SW2-2 BMODE-1 BMODE-0

ON ON X X SA/NO-BMODE Corresponds to DSP stand-alone operation with

Microprocessor (MP) start-up mode without boot
process. DSP reset is controlled by on-board SW1
reset pushbutton, XRESET signal from JP4 external
link/power connector, and WDT expiration event in
case WDT feature is enabled via DSP_WDT_EN_RG
register.

After DSP reset will be released, DSP will fetch the
reset vector from address FF80H of program RAM,
which is mapped to DPRAM.

ON OFF X X SA/FLASHS- Corresponds to DSP stand-alone operation with
BMODE Microcontroller (MC) start-up mode and boot from the

on-board 8-bit FLASH page #0 starting at DSP data
memory address 8000H. DSP reset is controlled by
on-board SW1 reset pushbutton, XRESET signal from

JP4 external link/power connector, and WDT
expiration event in case WDT feature is enabled via
DSP_WDT_EN_RG register.

OFF X 0 0 HOST/NO- Corresponds to DSP host operation with

BMODE Microprocessor (MP) start-up mode without boot
process. DSP reset is controlled by M_GO bit of
HOST_CNTR1_RG register of host PIOX-16
interface.

After DSP reset will be released, DSP will fetch the
reset vector from address FF80H of program RAM,
which is mapped to DPRAM.

OFF X 0 1 HOST/FLASHS- Corresponds to DSP host operation with

BMODE Microcontroller (MC) start-up mode and boot from the
on-board 8-bit FLASH page #0 starting at DSP data
memory address 8000H. DSP reset is controlled by
M_GO bit of HOST_CNTR1_RG register of host
PIOX-16 interface.

OFF X 1 0 HOST/HPI- Corresponds to DSP host operation with

BMODE Microcontroller (MC) start-up mode and boot from the

DSP on-chip HPI port. DSP reset is controlled by

M_GO bit of HOST_CNTR1_RG register of host
PIOX-16 interface.

After DSP reset will be released, DSP will begin
execution from address 1000H of DSP on-chip RAM.

OFF X 1 1

Reserved. Do not use.

Note: 1. Highlighted configuration corresponds to the factory setting.
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On-board TMS320C54x DSP can run either in stand-alone or host operation mode under control of host
TORNADO DSP system/controller via host PIOX-16 interface.

When running in stand-alone operation mode, activity of host PIOX-16 interface is ignored, and DSP bootmode
is defined by on-board SW2 configuration switch. In stand-alone mode the DSP power can be applied either via
the power pins of host PIOX-16 interface, or via on-board JP4 external link/power connector. In stand-alone
mode DSP reset signal is controlled by on-board SW1 DSP reset pushbutton, by XRESET signal of on-board
JP4 external link/power connector, and by the WDT expiration event in case the WDT feature is enable by DSP
software.

When running in host operation mode, the DSP bootmode and DSP reset signal are controlled by host
TORNADO DSP system/controller via control registers of host PIOX-16 interface.

The SA/NO-BMODE bootmode configuration corresponds to stand-alone operation mode of on-board DSP
with microprocessor (MC) start-up mode without boot process. DSP reset vector mapped to FF80H address of
the DSP external program memory, which is mapped to the on-board dual-port RAM memory area.

The SA/FLASH8-BMODE DSP bootmode configuration corresponds to stand-alone operation mode of on-
board DSP with microcontroller (MC) start-up mode and boot from the on-board 8-bit FLASH page #0 starting
at the DSP data memory address 8000H. The contents of FLASH must meet the format of the TM S320C54x
DSP on-chip ROM bootloader for 8-bit external ROM.

CAUTION

The application boot code must be allocated into the FLASH page #0, since thisis the FLASH
page, which is selected automatically during FLASH boot procedure.

In case the boot code exceeds the FLASH memory page limits (32KB), then the application

must provide the start-up kernel of boot code at FLASH page #0, which will be run after the

boot of FLASH page #0 completes. This start-up kernel must load FLASH pages #1..#3 into
the DSP on-chip memory depending upon the customer application.

The HOST/NO-BMODE bootmode configuration corresponds to host operation mode of on-board DSP with
microprocessor start-up mode without boot process. DSP reset vector mapped to FF80H address of the DSP
external program memory, which is mapped to the on-board dual-port RAM memory area.

The HOST/FLASH8-BMODE DSP bootmode configuration corresponds to host operation mode of on-board
DSP with microcontroller start-up mode and boot from the on-board 8-bit FLASH page #0 starting at the DSP
data memory address 8000H. The contents of FLASH must meet the format of the TM S320C54x DSP on-chip
ROM bootloader for 8-bit external ROM.

The HOST/HPI-BMODE DSP bootmode configuration corresponds to host operation mode of on-board DSP
with microcontroller start-up mode and boot via DSP on-chip HPI port. Host TORNADO DSP
system/controller must load code to the DSP on-chip memory while holding DSP in the reset state. After the
DSP reset will be released, DSP will begin program execution from the 17000H on-chip memory address.
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DSP memory and I/O map

TORNADO-PX/DDC4 on-board TMS320C54x DSP address area comprises of program, data and 1/0O aress.
Note, that the DSP on-chip memory capacity depends upon the particular DSP chip type installed. Table 2-2
specifies the DSP memory and 1/O maps.
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Table 2-2. DSP memory and 1/0 map.

address area value on access address range access
of TMS320C54x DSP DSP RESET mode (in 16-bit words) wait states
DSP on-chip PROGRAM memory - r/w 0000H...7FFFH Ows
@PROG
(refer to TMS320VC5410/VC5416 DSP (OVLY=1)
datasheets for more details)
18000H...1FFFFH
@PROG
(all MC-modes)
28000H...2FFFFH
38000H...3FFFFH
@PROG
(all MC-modes,
TMS320VC5416 only)
external PROGRAM memory - r/w 8000H...FFFFH 2ws
@PROG (mapped to on-
(refer to TMS320VC5410/VC5416 DSP (all MP bootmodes) board DPRAM)
datasheets for more details)
8000H...BFFFH
@PROG
(all MC bootmodes)
DSP on-chip DATA memory - r/w 0000H...7FFFH Ows
@DATA
(refer to TMS320VC5410/VC5416 DSP
datasheets for more details) 8000H...F7FFFH
@DATA
(DROM=1)
external DATA memory - riw 8000H...FFFFH (2ws+DP_RDY)
@DATA (DPRAM)
(refer to TMS320VC5410/VC5416 DSP (DROM=0)
datasheets for more details) 5ws
(bits DO..D7 for (FLASH)
FLASH)
(mapped to
(bits DO..D15 for either DPRAM or
DPRAM) FLASH
depending upon
the XDM_SEL
bit of
DSP_XDMP_RG
register)
external DATA memory (DPRAM): - riw FFFFH (2ws+DP_RDY)
DSP_DPRAM_HM_RQ @DATA (mapped to
(Host-to-DSP interrupt request via (DROM=0) DPRAM)

DPRAM in case DPRAM is selected via
XDM_SEL bit of DSP_XDMP_RG)
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external DATA memory (DPRAM): riw FFFEH (2ws+DP_RDY)
DSP_DPRAM_MH_RQ @DATA (mapped to
(DSP-to-Host interrupt request via (DROM=0) DPRAM)
DPRAM in case DPRAM is selected via

XDM_SEL bit of DSP_XDMP_RG)

I/0 area: riw 0000H..0007H 3ws
UART channel #2 register set @l/O0

(refer to DUART user’s guide) (bits DO..D7 only)
DSP_UART2_RDATA_RG 0000H@I/O
DSP_UART2_TDATA_RG 0000H@I/O
DSP_UART2_DIVL_RG 0000H@I/O
DSP_UART2_IE_RG 0001H@!/O
DSP_UART2_DIVH_RG 0001H@I/O
DSP_UART2_FIFOCNTR_RG 0002H@I/O
DSP_UART2_IID_RG 0002H@I/O
DSP_UART2_ALTFUNC_RG 0002H@I/O
DSP_UART2_LCNTR_RG 0003H@!/O
DSP_UART2_MCNTR_RG 0004H@I/O
DSP_UART2_LSTAT_RG 0005H@!/O0
DSP_UART2_MSTAT_RG 0006H@I/O0
DSP_UART2_SCRATCH_RG 0007H@I/O

1/O area: riw 0008H..000FH 3ws
UART channel #1 register set @l/0

(refer to DUART user’s guide) (bits D0..D7 only)
DSP_UART1_RDATA_RG 0008H@I/O
DSP_UART1_TDATA_RG 0008H@I/O
DSP_UART1_DIVL_RG 0008H@I/O
DSP_UART1_IE_RG 0009H@!/O
DSP_UART1_DIVH_RG 0009H@I/O
DSP_UART1_FIFOCNTR_RG 000AH@I/O
DSP_UART1_IID_RG 000AH@I/O
DSP_UART1_ALTFUNC_RG 000AH@I/O
DSP_UART1_LCNTR_RG 000BH@I/O
DSP_UART1_MCNTR_RG 000CH@I/O
DSP_UART1_LSTAT_RG 000DH@I/O
DSP_UART1_MSTAT_RG 000EH@I/O
DSP_UART1_SCRATCH_RG 000FH@I/O

1/O area: riw 0010H..0017H 2ws
DSP_DPSEMO_RG .. @l/O

DSP_DPSEM7_RG (bit DO only)

(DPSEM dual-port semaphores)

1/0 area: riw 003CH 2ws
DSP_FIFO_DATA_RG register @l/o

(bypass FIFO read data and FIFO serial- (r: DO..D11 only

in data) w: DO only))

1/O area: w 003DH 2ws
DSP_FIFO_RES_RG register @l/o

(FIFO reset)

(data ignored)
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1/0O area: w 003EH 2ws
DSP_WDT_RES_RG register @!/0

(WDT reset) (data ignored)

1/0O area: w 003FH 2ws
DSP_CLR_ADC_OVF_RG register @!/0

(clear ADC overflow flags) (data ignored)

1/0O area: riw 0040H..0047H 2ws
PDC-1 microprocessor port @l/0

(refer to HSP50214 PDC user’s guide) (bits DO..D7 only)
DSP_PDC1_HLDO _RG 0040H@I/O
DSP_PDC1_HLD1_RG 0041H@I/O
DSP_PDC1_HLD2 RG 0042H@I/O
DSP_PDC1_HLD3 RG 0043H@I/O
DSP_PDC1_WRADDR_RG 0044H@I/O
DSP_PDC1_RDARRD_RG 0045H@I/O

1/O area: riw 0048H..004FH 2ws
PDC-2 microprocessor port @l/O0

(refer to HSP50214 PDC user’s guide) (bits D0..D7 only)
DSP_PDC2_HLDO_RG 0048H@I/O
DSP_PDC2_HLD1_RG 0049H@I/O
DSP_PDC2_HLD2 RG 004AH@I/O
DSP_PDC2_HLD3 RG 004BH@I/O
DSP_PDC2_WRADDR_RG 004CH@I/O
DSP_PDC2_RDARRD_RG 004DH@I/O

1/0O area: riw 0050H..0057H 2ws
PDC-3 microprocessor port @l/0

(refer to HSP50214 PDC user’s guide) (bits D0..D7 only)

DSP_PDC3 HLDO _RG 0050H@I/O

DSP_PDC3 HLD1_RG 0051H@I/O

DSP_PDC3 HLD2 RG 0052H@I/O

DSP_PDC3 HLD3 RG 0053H@I/O

DSP_PDC3 WRADDR_RG 0054H@I/O

DSP_PDC3 _RDARRD_RG 0055H@I/O

1/O area: riw 0058H..005FH 2ws
PDC-4 microprocessor port @Il/0

(refer to HSP50214 PDC user’s guide) (bits D0..D7 only)

DSP_PDC4 _HLDO_RG 0058H@I/O

DSP_PDC4 _HLD1_RG 0059H@I/O

DSP_PDC4 HLD2 RG 005AH@I/O

DSP_PDC4 _HLD3 RG 005BH@I/O

DSP_PDC4 _WRADDR_RG 005CH@I/O

DSP_PDC4 _RDARRD_RG 005DH@I/O

1/0 area: r 0080H..0087H 2ws

DSP_PDC1_AOUTO_RG..
DSP_PDC1_AOUT7_RG registers
(PDC-1 AOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

@1/0
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1/O area: - r 0088H..008FH 2ws
DSP_PDC1_BOUTO_RG.. @l/O
DSP_PDC1_BOUT7_RG registers

(PDC-1 BOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

1/O area: - r 0090H..0097H 2ws
DSP_PDC2_AOUTO_RG.. @!/O
DSP_PDC2_AOUT7_RG registers

(PDC-2 AOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

1/O area: - r 0098H..009FH 2ws
DSP_PDC2_BOUTO_RG.. @!/O
DSP_PDC2_BOUT7_RG registers

(PDC-2 BOUT-0..7 ports; refer to

HSP50214 PDC user’s guide)

1/O area: - r 00AOH..00A7H 2ws
DSP_PDC3_AOUTO_RG.. @l/O

DSP_PDC3 AOUT7_RG registers

(PDC-3 AOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

1/0 area: - r 00A8H..00AFH 2ws
DSP_PDC3_BOUTO_RG.. @l/O

DSP_PDC3 BOUT7_RG registers

(PDC-3 BOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

1/O area: - r 00BOH..00B7H 2ws
DSP_PDC4_AOUTO_RG.. @l/O
DSP_PDC4_AOUT7_RG registers

(PDC-4 AOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

1/O area: - r 00B8H..00BFH 2ws
DSP_PDC4_BOUTO_RG.. @l/O
DSP_PDC4_BOUT7_RG registers

(PDC-4 BOUT-0..7 ports;

refer to HSP50214 PDC user’s guide)

1/O area: 01H riw 00C8H 2ws
DSP_FIFO_CNTR_RG register (FIFO DAQ mode) @l/O

(bypass FIFO control) (bits D0..D7 only)

1/O area: 00H riw 00CAH 2ws
DSP_ADC_CLKSEL_RG register (PFG-1 is selected for @l/O0

(ADC clock selectors) ADC-1/2) (bits D0..D7 only)

1/O area: 00H riw 00CBH 2ws
DSP_PDC_FIFO_ISEL_RG register (ADC-1 output stream is @l/o

(PDC and bypass FIFO input stream
selectors)

selected as input stream
for PDC-1/2/3/4 and
bypass FIFO)

(bits D0..D7 only)
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1/O area: - r 00CCH 2ws
DSP_ADC_FIFO_STAT_RG register (@llfe}
(ADCI/FIFO status) (bits DO..D7 only)
1/O area: - r 00CDH 2ws
DSP_PDC_STAT_RG register @l/0
(PDC status) (bits D0..D7 only)
1/O area: 00H riw 00DOH 2ws
DSP_MIRQO_SEL_RG register (no interrupt source) @l/O0
(DSP INT-0 source selector) (bits DO..D7 only)
1/O area: 00H riw 00D1H 2ws
DSP_MIRQ1_SEL_RG register (no interrupt source) @l/0
(DSP INT-1 source selector) (bits DO..D7 only)
1/O area: 00H r/w 00D2H 2ws
DSP_MIRQ2_SEL_RG register (no interrupt source) @l/O0
(DSP INT-2 source selector) (bits DO..D7 only)
1/O area: 00H riw 00D3H 2ws
DSP_MIRQ3_SEL_RG register (no interrupt source) @l/O0
(DSP INT-3 source selector) (bits D0..D7 only)
1/O area: 00H riw 00D4H 2ws
DSP_MNMI_SEL_RG register (no interrupt source) @l/O
(DSP NMI source selector) (bits D0..D7 only)
1/O area: - r 00D8H 2ws
DSP_AUX_IRQ_STAT_RG register @I/0
(auxiliary interrupt status) (bits DO..D7 only)
1/O area: 00H riw 00EOH 2ws
DSP_XDMP_RG register for @l/0
(external data memory page selector) SA/NO-BMODE (bits DO..D7 only)

HOST/NO-BMODE

HOST/HPI-BMODE

bootmodes
(DPRAM is selected)
80H
for
SA/FLASH8-BMODE
HOST/FLASH8-BMODE
bootmodes
(FLASH page#0 is
selected)

I/0 area: 00H riw 00E2H 2ws
DSP_GPIO_DATA_RG register @l/o
(general purpose I/O data) (bits DO..D7 only)
1/0 area: 00H riw 00E3H 2ws
DSP_GPIO_DIR_RG register (GPIO-0/1 are @l/0

(general purpose I/O direction control)

configured as inputs)

(bits DO..D7 only)




Chapter 2. System Architecture and Construction 27

1/O area: 00H riw 00E4H 2ws
DSP_WDT_EN_RG register (WDT is disabled) @l/O

(WDT enable control) (bits D0..D7 only)

1/O area: 20H riw 00E6H 2ws
DSP_XSL_FMT_RG register (XSL clock framing, @l/0

(external serial links format) 8 data bits, (bits DO..D7 only)

positive clock polarity)

1/O area: - r 00EEH 2ws
DSP_SYS_STAT_RG register @!/O

(DSP boot status) (bits DO..D7 only)

1/O area: 81H r FFFFH 2ws
DSP_BRS_RG register (boot from FLASHS at @l/O0

(BRS LSB for DSP on-chip bootloader) 8000H address) (bits D0..D7 only)

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 on-board DPRAM/FLASH memory.

3.  The OVLY bit of DSP on-chip PMST register must be set to OVLY=1 value in order to allocate
PROGRAM memory within 0000H..7FFFH address range to the DSP on-chip memory.

4.  Access modes: r - read only, w - write only, r/w - read/write.

Setting SWWSR, SWCR, BSCR and CLKMD Control Registers of TMS320C54x DSP

In order to benefit of full performance of TMS320C54x DSP and to provide correct operation of on-board
hardware, user TMS320C54x DSP application must set TM S320C54x on-chip SWWSR, SWCR, BSCR and
CLKMD control registers as the following:

*  The SWWSR register (hex address 0028H) of TM S320C54x DSP must be programmed to 2410H hex
value. This corresponds to access of on-board memory and peripherals with minimum 2ws and under
control of on-board hardware wait states controller.

The SWCR register (hex address 002BH) of TM S320C54x DSP must be programmed to 0000H hex
vaue.

 TheBSCR register (hex address 0029H) must be programmed to 8000H hex value for
TMS320VC5410 DSP and to the AOOOH value for TM S320V C5416 DSP. This correspondsto 100
MHz DSP output clock for TM S320V C5410 DSP and to 80 MHz DSP output clock for
TMS320V C5416 DSP.

e The CLKMD register (hex address 0058H) of TM S320C54x DSP must be programmed to 07F7H hex
value for TMS320V C5410 DSP and to the 17F7H value for TMS320V C5416 DSP. This corresponds
to the PLLx1 mode for TMS320V C5410 DSP and PLLx2 mode for TM S320V C5416 DSP.

FLASH memory area

TORNADO-PX/DDC4 on-board 128Kx8 FLASH memory can be used to store non-volatile data and/or DSP
boot code. The FLASH boot code is reloaded to DSP on-chip memory during SA/FLASH8-BMODE and
HOST/FLASH8-BMODE bootmodes.

TORNADO-PX/DDC4 on-board 128Kx8 FLASH memory is available for the on-board DSP as 8-bit external
data memory (allocated as |least-significant byte of DSP 16-bit data words) at the addresses 8000H..FFFFH in
case FLASH memory is selected via XDM_SEL selector bit (XDM_SEL=1) of DSP_XDMP_RG register and
in case the DROM bit of DSP on-chip PMST register is set to DROM=0 state (this condition allows external
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data memory at 8000H..FFFFH data memory address). Since capacity of FLASH exceeds the 32K external data
memory area of TMS320C54x DSP, then DSP_XDMP_RG register is provided in order address external
FLASH memory in 32KB pages (refer to the corresponding subsection below for more details).

TORNADO-PX/DDC4 on-board FLASH memory can be programmed by on-board DSP, and there is aso a
possibility to inhibit FLASH writesin order to maintain integrity and safety of FLASH contents.

TORNADO-PX/DDC4 DCM provides FLASH memory write protection in order to exclude unauthorized
FLASH memory data update and to guarantee FLASH memory integrity. The FLASH write protection feature is
controlled by on-board SW2-3 switch (fig.2-2 and A-1) in accordance with table 2-3.

Table 2-3. FLASH write protection control.

SW2-3 Description
state

ON FLASH writes are enabled.

Application DSP software must meet FLASH programming
algorithm requirements in order to program FLASH memory (refer to
FLASH memory user’s guide for more details).

OFF FLASH writes are disabled.

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

For more details about programming FLASH memory refer to Appendix D “FLASH Memory Programming”.

DPRAM area

TORNADO-PX/DDC4 on-board 32Kx16 DPRAM can be used for both to store DSP program code and for
communication between the on-board DSP and host DSP of host TORNADO DSP system/controller via host
PIOX-16 interface. DPRAM can be accessed by both on-board DSP and host PIOX-16 interface.

In case TORNADO-PX/DDC4 DCM is being used in stand-alone mode, then DPRAM can be used to store
data and/or program code. DPRAM appears as standard 16-bit asynchronous memory and can be accessed by
both DSP and host PIOX-16 interface.
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CAUTION

Instead of communication between on-board DSP and host PIOX-16 interface via DSP on-
chip HPI port, DPRAM allows fast random access to 16-bit memory location from host
TORNADO DSP system/controller without need to write and store address of the memory
location prior accessing the contents of this memory location.

Host-to-DPRAM accesses is performed 4 times faster than that via the DSP on-chip HPI port
in case random DPRAM locations are being accessed, and is performed 2 times faster in case
autoincremented addressing or preset DPRAM location are being accessed.

TORNADO-PX/DDC4 on-board 32Kx16 DPRAM is available for on-board DSP as both external program and
data memory in accordance with the following conditions:
* externa datamemory at the addresses 8000H..FFFFH in case DPRAM is selected via XDM_SEL
selector bit (XDM_SEL=0) of DSP_XDMP_RG register and in case the DROM bit of DSP on-chip
PMST register is set to DROM=0 state (this condition allows external data memory at 8000H..FFFFH
data memory address)
e externa program memory at the addresses 8000H..FFFFH in case DSP starts-up in any of the
Microprocessor (MP) bootmodes (SA/NO-BMODE and HOST/NO-BMODE bootmodes)
e externa program memory at the addresses 8000H..BFFFH in case DSP starts-up in any of the
Microcontroller (MC) bootmodes (SA/FLASH8-BMODE, HOST/FLASH8-BMODE and
HOST/HPI-BMODE bootmodes)

Access to DPRAM feature no arbitration delays for DSP and host PIOX-16 interface unless both on-board DSP
and host PIOX-16 interface are addressing the same DPRAM memory location. In the latter case there is no
arbitration preferences, and the first active accessing port will proceed without any arbitration delays, whereas
the other port will be pending until the first port will finish the access cycle.

DPRAM area of on-board DSP environment has two specific memory locations, which are known as
DSP_DPRAM_HM_RQ and DSP_DPRAM_MH_RQ. These DPRAM locations  match
HOST_DPRAM_HM_RQ and HOST_DPRAM_MH_RQ DPRAM locations from on-board DSP
environment (refer to section “Host PIOX-16 Interface” later in this chapter). These DPRAM locations provide
Host-to-DSP and DSP-to-Host interrupt generation along with standard common memory functionality. Refer to
the corresponding subsection below for more details.

Generating Host-to-DSP and DSP-to-Host Interrupt Requests via DPRAM

DPRAM area of on-board DSP environment has two specific memory locations, which are caled as
DSP_DPRAM_HM_RQ and DSP_DPRAM_MH_RQ and provide Host-to-DSP and DSP-to-Host interrupt
generation aong with standard common memory functionality. These DPRAM locations match
HOST_DPRAM_HM_RQ and HOST_DPRAM_MH_RQ memory locations from on-board DSP environment
(refer to section “Host PIOX-16 Interface” later in this chapter).

DSP_DPRAM_HM_RQ and DSP_DPRAM_MH_RQ DSPRAM memory locations are allocated at the
DPRAM addresses in accordance with table 2-2 and are the useful tool for communication between host DSP of
host TORNADO DSP system/controller and TORNADO-PX/DDC4 on-board DSP using interrupt request
method combined with the 16-bit interrupt request code, which might be simultaneously passed via these
DPRAM memory cells.
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CAUTION

When host DSP of host TORNADO DSP system/controller writes to the
HOST_DPRAM_HM_RQ DPRAM location via host PIOX-16 interface (refer to section
“Host PIOX-16 Interface later in this chapter), then active DSP_DPRAM_IRQ interrupt

request is generated to the DSP environment and on-board DSP can read data written by host

viaDSP_DPRAM_HM_RQ DPRAM location of on-board DSP environment. This interrupt

request remains active until DSP will read contents of this DPRAM memory location. Writing

to DSP_DPRAM_HM_RQ DPRAM location from the DSP side does not effect the state of
DSP_DPRAM_IRQ interrupt request.

The DSP_DPRAM_IRQ interrupt request can generate active DSP interrupt request in case it
is routed via the corresponding interrupt request selector to any of DSP external interrupt
requests or DSP NMI. Refer to the corresponding subsection later in this section for more

details about external DSP interrupt generation.

CAUTION

When DSP writes to the DSP_DPRAM_MH_RQ address, then active HOST_DPRAM_IRQ
interrupt request is generated to host TORNADO DSP system/controller via host PIOX-16
interface and host TORNADO DSP system/controller can read data written by DSP via
HOST_DPRAM_HM_RQ DPRAM location of host PIOX-16 interface. This interrupt
request remains active until host DSP of host TORNADO DSP system/controller will read
contents of this DPRAM memory location. Writing to HOST_DPRAM_HM_RQ DPRAM
location from host TORNADO DSP system/controller side does not effect the state of
HOST_DPRAM_IRQ interrupt request.

HOST_DPRAM_IRQ interrupt request can generate active interrupt request to host
TORNADO DSP system/controller via host PIOX-16 interface in caseiit is enabled viathe
HOST _IE_RG interrupt enable register and particular host interrupt request line is selected
viaHOST_HIRQ_SEL RG interrupt line selector register. Refer to section “Host PIOX-16
Interface” later in this chapter for more details.

DPSEM area

TORNADO-PX/DDC4 on-board DSP environment provides on-board dual-port hardware semaphores
(DPSEM), which is accessible by both on-board DSP and host DSP of host TORNADO DSP system/controller
via PIOX-16 interface.

Hardware semaphores are extremely useful tool for synchronization of access to any shared resources (DPRAM,
HPI port memory locations, etc) and setting synchro-events between DSP and host PIOX-16 interface. DPSEM
area comprises of eight dual-port semaphores, which appear as DSP_DPSEMO0_RG .. DSP_DPSEM7_RG
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registers within the DSP |/O area (table 2-2).. Access to DPSEM area is performed without any arbitration
delays on both DSP and host PIOX-16 interface sides.

Each semaphore occupies least significant bit DO only within 16-bit data word with bits D1..D15 being an
extended copy of bit DO. Semaphore has only two valid states: ‘0’ and ‘1’. The semaphore logic is active low,
and the ‘0’ dtate is called as ‘open state’ of semaphore (semaphore token), whereas the ‘1’ state is called as
‘closed state’ of semaphore. Hardware semaphore logic guarantees that both ports will never get enable state (or
semaphore token) simultaneoudly. Table 2-4 provides example of sample procurement sequence for dual-port
semaphores.

Table 2-4. Example of the DPSEM semaphore procurement sequence.

Function semaphore data at semaphore data at Description
host PIOX-16 the DSP side
interface side

No action. 1 1 Semaphores are closed.

Host PIOX-16 interface writes 0’ 0 1 Host PIOX-16 interface receives
to semaphore. open semaphore.

DSP writes ‘0’ to semaphore. 0 1 No change. DSP has to wait for

semaphore to be released by
host PIOX-16 interface.

Host PIOX-16 interface writes ‘1’ 1 0 Host PIOX-16 interface releases
to semaphore. semaphore, and DSP receives
open semaphore.

Host PIOX-16 interface writes ‘0’ 1 0 No change. Host PIOX-16

to semaphore. interface has to wait for
semaphore to be released by the
DSP.

DSP writes ‘1’ to semaphore. 0 1 DSP releases semaphore, and

host PIOX-16 interface receives
open semaphore.

Host PIOX-16 interface writes ‘1’ 1 1 Host PIOX-16 interface releases
to semaphore. semaphore, and semaphores are
now closed.
DUART

Each DUART channe (UART-1 and UART-2) of On-board PC16552D DUART chip from National
Semiconductor Corp can communicate at up to 115 kBaud via RS232C interfaces, which are available at JP2
externa 1/0 connector. DUART is sourced by 1.8432 MHz clock, which allows communication at all industry
standard baud rates up to 115 kBaud.

The 8-bit registers set for each DUART channel is compatible with that for PC COM port and is allocated to the
DSP 1/O area at the base addresses in accordance with table 2-2. DUART register set is allocated to the least
significant byte of DSP 16-bit data word.
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CAUTION

This manual does not provide information about architecture and programming
of PC16552D DUART chip from National Semiconductor Corp.

For more details about PC16552D DUART refer to pages #10..#20 of the corresponding
datasheet, which is enclosed in either electronic or paper form with this manual.

HSP50214 PDC data ports

Each of four on-board HSP50214 PDC chips appears in the DSP environment as 8-bit PDC microprocessor
read/write port and two 16-bit read-only PDC real-time output data ports (AOUT and BOUT). All ports are
available viaDSP |/O area (table 2-2).

CAUTION

This manual does not provide information about architecture and programming
of Intersil HSP50214 PDC chip.

For more details about Intersil HSP50214 PDC chip refer to original datasheet, whichis
supplied in either electronic or paper form with this user’s guide.

PDC microprocessor port comprises of six 8-bit registers (DSP_PDCx_HLDO _RG, DSP_PDCx_HLD1_RG,
DSP_PDCx_HLD2 RG, DSP_PDCx_HLD3 RG, DSP_PDCx_WRADDR_RG and
DSP_PDCx_RDARRD _RG) and must be used o configure PDC on-chip NCO, mixer, digital filters,
decimators, demodulators and output data selectors. PDC microprocessor port registers are allocated to the least
significant byte of DSP 16-bit data word.

PDC AOUT/BOUT 16-bit output data ports shall be used for reading real-time PDC output data. Each of AOUT
and BOUT output data ports comprises of eight 16-bit output data registers (DSP_PDCx_AOUTO_RG ..
DSP_PDCx_AOUT7_RG and DSP_PDCx_BOUTO0_RG .. DSP_PDCx_BOUT7_RG). The read contents
of these output ports depend upon the PDC output operation mode: either PARALLEL DIRECT OUTPUT
MODE or PDC BUFFER RAM PARALLEL OUTPUT MODE .

For details about PDC control refer to the corresponding subsection below and to section “RF Signal Processing
Control” later in this chapter.

Bypass FIFO data port register

Bypass FIFO can be both read and configured by DSP software via DSP_FIFO_DATA RG data read/write
port, which is mapped to DSP /O area (table 2-2).

Reading from DSP_FIFO_DATA_RG register will result in reading bypass FIFO data with incrementing FIFO
read pointer and updating FIFO EF/PAE/PAF/FF flags. The 12-bit bypass FIFO data are aligned to the least
significant bit of DSP 16-bit data word with the upper four bits left undefined.
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DSP_FIFO_DATA_RG register (r)

X X X X FIFO_READ_DATA-11.. FIFO_READ_DATA-0

(

bit 15 bit-14 bit-13 Bit-12 bits-11..0

Writing to DSP_FIFO_DATA_RG register will take effect only in FIFO configuration mode (which is set
when FIFO_MODE bit of DSP_FIFO_CNTR_RG register is set to FIFO_MODE =0 state) and must be used
for serial programming of FIFO PAF/PAE programmable flags. When writing to DSP_FIFO_DATA RG

register, only bit #0 isvalid, which is FIFO serial-in data.

DSP_FIFO_DATA_RG register (w)

X X X X X X X X FIFO_SIN

(w)

Bits 15..8 bit-7 bit-6 Bit-5 bit-4 bit-3 Bit-2 bit-1 bit-0
For details about FIFO operation refer to the corresponding subsection below and to section “RF Signal

Processing Control” later in this chapter.

ADC, ADC-SMUX, bypass FIFO and PDC operation control registers

On-board RF signal processing is configured and controlled via a set of control registers, which are mapped to
DSP 1/0 area (table 2-2) and comprises of control for ADC, ADC-SMUX, bypass FIFO and PDC:
« DSP_ADC _CLKSEL RG register, which isused to select ADC sampling frequency
» DSP _PDC_FIFO_ISEL_RG register, which is used to configure ADC-SMUX, i.e. to select input
data streams for PDC and FIFO
* DSP_FIFO_CNTR_RG register, which is used to control bypass FIFO operation
* read-only DSP_ADC_FIFO_STAT_RG register, which isused to read current status of ADC
overflow flags and FIFO flags
» read-only DSP_PDC_STAT_RG register, which isused to read current status of PDC ready flags
* write-only DSP_CLR_ADC_OVF_RG register, which is used to clear ADC overflow flags
* write-only DSP_FIFO_RES_RG register, which is used to reset bypass FIFO read/write pointers and
FIFO flags.

For details about ADC, PDC and FIFO operation refer to section “RF Signal Processing Control” later in this
chapter, whereas this subsection will describe control registers details.

DSP_ADC _CLKSEL_RG register must be used to select sampling frequency source for each ADC channel
(ADC-1 and ADC-2) and the corresponding FIFO or PDC-12/34 resources, which are linked to the ADC-1/2
output data streams. DSP_ADC CLKSEL RG register is available for read/write and is allocated to the least
significant byte of DSP 16-bit data word within the DSP /O area.

DSP_ADC_CLKSEL_RG register (r/w)

X 0 0 PFG2_ PFG1_ ADC2_ ADC2_ ADC1_ ADC1_
FDIV8_EN FDIV8_EN CLKSEL-1 CLKSEL-0 CLKSEL-1 CLKSEL-0
(r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bits 15.8  Bit-7  bit6 Bit-5 Bit-4 bit-3 bit-2 bit-1 bit-0
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The sampling frequency source for ADC-1 and ADC-2 are defined by bits {ADC1_CLKSEL-1,
ADC1_CLKSEL-0} and { ADC2_CLKSEL-1, ADC2_CLKSEL-0} correspondingly, and can be selected from
either on-board PFG-1/2 programmable sampling frequency generators, or from XFS-1/2 external frequency
inputs, which are available via on-board JP2 connector.

DSP_ADC CLKSEL RG register also includes PFG1_FDIV8 EN and PFG2_FDIV8_EN bits, which
enable optional 1:8 frequency dividers at the outputs of on-board PFG-1 and PFG-2 sampling frequency
generators correspondingly in accordance with tables 2-6a and 2-6b. Optional 1:8 frequency dividers at the
PFG-1/2 outputs allow to decrease the minimum PFG-1/2 output frequencies from 0.78 MHz to 0.09765 MHz,
and to extend programmable ADC sampling frequency range to 0.09765 MHz .. 65 MHz, which meets
requirements of virtually any DRR application. For details about programming of PFG-1/2 on-board sampling
frequency generators refer to section “ Serial Peripherals’ later in this chapter.

Table 2-5 provides details about DSP_ADC CLKSEL RG register hits.
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Table 2-5. Register bits of DSP_ADC_CLKSEL RG register.

register bits
or bit fields

access
mode

value
on DSP
reset

Description

{ADC1_CLKSEL-1,
ADC1_CLKSEL-0}

riw

{0,0}

Defines sampling frequency source for ADC-1.

{ADC1_CLKSEL-1, ADC1_CLKSEL-0}= {0,0} corresponds to the on-board
PFG-1 programmable sampling frequency generator selected as the
sampling frequency source for ADC-1.

{ADC1_CLKSEL-1, ADC1_CLKSEL-0}= {0,1} corresponds to the on-board
PFG-2 programmable sampling frequency generator selected as the
sampling frequency source for ADC-1.

{ADC1_CLKSEL-1, ADC1_CLKSEL-0}= {1,0} corresponds to the external
XFS-1 input from JP2 external 1/O connector selected as the sampling
frequency source for ADC-1.

{ADC1_CLKSEL-1, ADC1_CLKSEL-0}= {1,1} corresponds to the external
XFS-2 input from JP2 external 1/O connector selected as the sampling
frequency source for ADC-1.

{ADC2_CLKSEL-1,
ADC2_CLKSEL-0}

riw

{0.,0}

Defines sampling frequency source for ADC-2.

{ADC2_CLKSEL-1, ADC2_CLKSEL-0}={0,0} corresponds to the on-board
PFG-1 programmable sampling frequency generator selected as the
sampling frequency source for ADC-2.

{ADC2_CLKSEL-1, ADC2_CLKSEL-0}={0,1} corresponds to the on-board
PFG-2 programmable sampling frequency generator selected as the
sampling frequency source for ADC-2.

{ADC2_CLKSEL-1, ADC2_CLKSEL-0}={1,0} corresponds to the external
XFS-1 input from JP2 external I/O connector selected as the sampling
frequency source for ADC-2.

{ADC2_CLKSEL-1, ADC2_CLKSEL-0}={1,1} corresponds to the external
XFS-2 input from JP2 external I/O connector selected as the sampling
frequency source for ADC-2.

PFG1_FDIV8_EN

r/w

Defines output frequency, which is generated by the PFG-1 programmable
sampling frequency generator.

PFG1_FDIV8_EN=0 corresponds to direct PFG-1 output without optional 1:8
frequency divider selected as the output of PFG-1 sampling frequency
generator.

PFG1_FDIV8_EN=1 corresponds to the output of optional 1:8 frequency
divider at the PFG-1 selected as the output of PFG-1 sampling frequency
generator.
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PFG2_FDIV8_EN riw 0 Defines output frequency, which is generated by the PFG-2 programmable
sampling frequency generator.

PFG2_FDIV8_EN =0 corresponds to direct PFG-2 output without optional
1:8 frequency divider selected as the output of PFG-2 sampling frequency
generator.

PFG2_FDIV8_EN =1 corresponds to the output of optional 1:8 frequency
divider at the PFG-2 selected as the output of PFG-2 sampling frequency
generator.

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

DSP_PDC _FIFO_ISEL RG register must be used to configure on-board RF digital signal processing paths
for TORNADO-PX/DDC4 DCM, i.e. input data stream sources for PDC-1/2 and PDC-3/4 PDC sets, and for
bypass FIFO. DSP_PDC _FIFO_ISEL RG register is available for read/write and is allocated to the least
significant byte of DSP 16-bit data word within the DSP 1/O area.

DSP_PDC_FIFO_ISEL_RG register (r/w)

X 0 0 0 0 0 FIFO_ISEL PDC34_ISEL | PDC12_ISEL
(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

Input data stream source for PDC-1/2, PDC-3/4 and bypass FIFO are defined by bits PDC12 ISEL,
PDC34 ISEL and FIFO_ISEL correspondingly from either ADC-1 or ADC-2 output data streams in
accordance with table 2-6.
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Table 2-6. Register bits of DSP_PDC_FIFO_ISEL_RG register.

register bits

access
mode

value
on DSP
reset

Description

PDC12_ISEL

riw

Selects input data stream and CLKIN frequency for PDC-1 and PDC-2.

PDC12_ISEL =0 corresponds to ADC-1 output data stream selected as
input data stream for PDC-1 and PDC-2, and CLKIN inputs of PDC-1 and
PDC-2 are set to the ADC-1 sampling frequency source.

PDC12_ISEL =1 corresponds to ADC-2 output data stream selected as
input data stream for PDC-1 and PDC-2, and CLKIN inputs of PDC-1 and
PDC-2 are set to the ADC-2 sampling frequency source.

PDC34_ISEL

riw

Selects input data stream and CLKIN frequency for PDC-3 and PDC-4.

PDC34_ISEL =0 corresponds to ADC-1 output data stream selected as
input data stream for PDC-3 and PDC-4, and CLKIN inputs of PDC-3 and
PDC-4 are set to the ADC-1 sampling frequency source.

PDC34_ISEL =1 corresponds to ADC-2 output data stream selected as
input data stream for PDC-3 and PDC-4, and CLKIN inputs of PDC-3 and
PDC-4 are set to the ADC-2 sampling frequency source.

FIFO_ISEL

r/w

Selects input data stream and write clock for bypass FIFO.

FIFO_ISEL =0 corresponds to ADC-1 output data stream selected as input
data stream for bypass FIFO, and write clock of bypass FIFO is set to the
ADC-1 sampling frequency source.

FIFO_ISEL =1 corresponds to ADC-2 output data stream selected as input
data stream for bypass FIFO, and write clock of bypass FIFO is set to the
ADC-2 sampling frequency source.

Note:

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

In case ADC-1 output data stream is selected as the input data stream for PDC-1/2, and/or
PDC-3/4, and/or bypass FIFO, then the CLKIN input clock frequency input for PDC-1/2
and/or PDC-3/4, and/or the write clock input for bypass FIFO are connected to the ADC-1

In case ADC-2 output data stream is selected as the input data stream for PDC-1/2, and/or
PDC-3/4, and/or bypass FIFO, then the CLKIN input clock frequency input for PDC-1/2
and/or PDC-3/4, and/or the write clock input for bypass FIFO are connected to the ADC-2

CAUTION

sampling frequency source.

sampling frequency source.
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DSP_FIFO_CNTR_RG register must be used to set FIFO mode and to control operation of bypass FIFO in
FIFO data acquisition mode. DSP_FIFO_CNTR_RG register is available for read/write and is allocated to the
least significant byte of DSP 16-bit data word within the DSP 1/O area.

DSP_FIFO_CNTR_RG register (r/w)

X 0 0 FIFO_ FIFO_ 0 FIFO_ FIFO_ FIFO_
DAQ_END DAQ_ABORT DAQTF_SEL DAQ_RUN MODE
(r,0+) (w, 0+) (r'w, 0+) (r’'w, 0+) (r'w, 1+)

bits 15.8  bit-7  Bit-6 Bit5 bit4  bit-3 bit-2 bit-1 bit-0

Table 2-7 provides details about DSP_FIFO_CNTR_RG register hits.
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Table 2-7. Register bits of DSP_FIFO_CNTR_RG register.

register bits

access
mode

value
on DSP
reset

Description

FIFO_MODE

riw

Defines operation mode for bypass FIFO. Refer to section “RF Signal
Processing Control” later in this chapter for more details about operation of
bypass FIFO.

FIFO_MODE =0 corresponds to FIFO configuration mode, which must be
used to program FIFO PAE/PAF flags offsets by writing to DSP_FIFO_RG
register.

FIFO_MODE =1 corresponds to FIFO data acquisition mode, which must be
used to store FIFO input stream data in accordance with bit FIFO_ISEL bit of
DSP_PDC_FIFO_ISEL_RG register. FIFO data acquisition process can be
initialized via setting bit FIFO_DAQ_RUN of DSP_FIFO_CNTR_RG register to
the FIFO_DAQ_RUN =1 state. FIFO data acquisition process can be either
terminated normally on the FIFO termination flag event, or can be aborted
either by setting bit FIFO_DAQ_ABORT bit of DSP_FIFO_CNTR_RG register
to the ‘1’ state or by writing to DSP_FIFO_RES_RG register.

FIFO_DAQ_RUN

r/w

Initializes FIFO data acquisition process in case FIFO data acquisition mode
is selected via bit FIFO_MODE of DSP_FIFO_CNTR_RG register. Refer to
section “RF Signal Processing Control” later in this chapter for more details
about operation of bypass FIFO.

FIFO_DAQ_RUN =0 corresponds to no active FIFO data acquisition process.

FIFO_DAQ_RUN =1 corresponds to active FIFO data acquisition process.
Writing ‘1’ to FIFO_DAQ_RUN bit will initialize FIFO data acquisition process.
FIFO data acquisition process can be either terminated normally on the FIFO
termination flag event, or can be aborted by setting bit FIFO_DAQ_ABORT bit
of DSP_FIFO_CNTR_RG register. Writing ‘0’ to FIFO_DAQ_RUN bit while
FIFO_DAQ_RUN=1 will have no effect.

FIFO_DAQTF_SEL

riw

Select termination flag for FIFO data acquisition process. Refer to section “RF
Signal Processing Control” later in this chapter for more details about
operation of bypass FIFO.

FIFO_DAQTF_SEL =0 corresponds to FIFO FF flag is selected to terminate
FIFO data acquisition process normally.

FIFO_DAQTF_SEL =1 corresponds to FIFO PAF programmable flag is
selected to terminate FIFO data acquisition process normally.
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FIFO_DAQ_ABORT w 0 Write-only bit, which must be used to abort active FIFO data acquisition
process in case FIFO data acquisition mode is selected via bit FIFO_MODE
of DSP_FIFO_CNTR_RG register. Bit FIFO_DAQ_ABORT always reads as
‘0’. Refer to section “RF Signal Processing Control” later in this chapter for

more details about operation of bypass FIFO.

Setting FIFO_DAQ_ABORT =0 will have no effect on FIFO data acquisition
process.

Setting FIFO_DAQ_ABORT =1 will abort currently active FIFO data
acquisition process and will clear bits FIFO_DAQ_RUN and FIFO_DAQ_END
of DSP_FIFO_CNTR_RG register.

FIFO_DAQ_END R 0 Read-only bit, which indicates normal termination of FIFO data acquisition
process on selected termination flag event. FIFO_DAQ_END flag can
generate DSP external interrupts INT-0..3 and NMI. Refer to section “RF
Signal Processing Control” later in this chapter for more details about

operation of bypass FIFO.

FIFO_DAQ_END =0 can be interpreted as either FIFO data acquisition
process is in progress (in case FIFO_DAQ_RUN=1), or as
FIFO_DAQ_ABORT command has been issued to clear FIFO data acquisition
controller.

FIFO_DAQ_END =1 corresponds to normal termination of FIFO data
acquisition process on the selected FIFO data acquisition termination flag
event. Termination flag for FIFO data acquisition process must be selected via
bit FIFO_DAQTF_SEL.

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

DSP_ADC _FIFO_STAT_RG register must be used to read current state of FIFO EF/PAE/FF/PAF flags and
ADC overflow flags. DSP_ADC_FIFO_STAT_RG register is available for read-only and is allocated to the
least significant byte of DSP 16-bit data word within the DSP /O area. Table 2-8 provides details about
DSP_ADC _FIFO_STAT_RG register hits.

DSP_ADC_FIFO_STAT_RG register (r)

X ADC12 OVF | ADC2 OVF | ADC1_OVF | © FIFO_PAF FIFO_FF | FIFO_PAE | FIFO_EF
(r) (r) (r) (r,0+) (r,0+) (r.1+) (r,1+)
bits 15..8 bit-7 bit-6 Bit-5 bit-4 bit-3 bit-2 Bit-1 bit-0
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Table 2-8. Register bits of DSP_ADC_FIFO_STAT_RG register.

register bits access value Description
mode on DSP
reset

FIFO_EF r 1 Read-only FIFO empty flag (EF). FIFO EF flag is non-programmable.
FIFO_EF flag can generate DSP external interrupts INT-0..3 and NMI. Refer
to section “RF Signal Processing” later in this chapter for more details about
operation of bypass FIFO.

FIFO_EF =0 corresponds to non-empty condition of bypass FIFO.
FIFO_EF =1 corresponds to empty condition of bypass FIFO.

FIFO_PAE r 1 Read-only FIFO partially empty flag (PAE). Programmable offset value for
FIFO PAE flag can be programmed during FIFO configuration mode. Refer to
section “RF Signal Processing Control” later in this chapter for more details
about operation of bypass FIFO.

FIFO_PAE =0 corresponds to more than N unread samples inside bypass
FIFO (N is the programmed offset for FIFO PAE flag).

FIFO_PAE =1 corresponds to N or less number of unread samples inside
bypass FIFO (N is the programmed offset for FIFO PAE flag).

FIFO_FF r 0 Read-only FIFO full flag (FF). FIFO FEF flag is non-programmable. FIFO FF
flag can be selected as the termination flag for FIFO data acquisition process
via setting bit FIFO_DAQTF_SEL=0in DSP_FIFO_CNTR_RG register.
FIFO_FF flag can generate DSP external interrupts INT-0..3 and NMI. Refer
to section “RF Signal Processing Control” later in this chapter for more details
about operation of bypass FIFO.

FIFO_FF =0 corresponds to non-full condition of bypass FIFO.
FIFO_FF =1 corresponds to full condition of bypass FIFO.
FIFO_PAF r 0 Read-only FIFO partially full flag (PAF). Programmable offset value for FIFO

PAF flag can be programmed during FIFO configuration mode. FIFO PAF flag
can be selected as the termination flag for FIFO data acquisition process via
setting bit FIFO_DAQTF_SEL=1 in DSP_FIFO_CNTR_RG register. Refer to
section “RF Signal Processing Control” later in this chapter for more details
about operation of bypass FIFO.

FIFO_PAF =0 corresponds to (2'®-M-1) or less number of unread samples
inside bypass FIFO (M is the programmed offset for FIFO PAF flag).

FIFO_PAF =1 corresponds to (2'-M) or more number of unread samples
inside bypass FIFO (M is the programmed offset for FIFO PAF flag).
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ADC1_OVF r - Read-only ADC-1 overflow flag. ADC1_OVF flag can generate DSP external
interrupts INT-0..3 and NMI. Refer to section “RF Signal Processing Control”

later in this chapter for more details about operation of bypass FIFO.

ADC1_OVF =0 corresponds to no overflow event has been detected for ADC-
1.

ADC1_OVF=1 corresponds to the overflow event has been detected for ADC-
1. ADC1_OVF flag can be reset by writing to the DSP_CLR_ADC_OVF_RG
register.

ADC2_OVF r - Read-only ADC-2 overflow flag. ADC2_OVF flag can generate DSP external
interrupts INT-0..3 and NMI. Refer to section “RF Signal Processing Control”

later in this chapter for more details about operation of bypass FIFO.

ADC2_OVF =0 corresponds to no overflow event has been detected for ADC-
2.

ADC2_OVF=1 corresponds to the overflow event has been detected for ADC-
2. ADC2_OVF flag can be reset by writing to the DSP_CLR_ADC_OVF_RG
register.

ADC12_OVF r - Read-only ADC-1 and/or ADC-2 overflow flag. ADC12_OVF flag can generate
DSP external interrupts INT-0..3 and NMI. This flag can be useful in saving
DSP computing time when analyzing overflow event for any of the ADC-1 and
ADC-2 data. Refer to section “RF Signal Processing Control” later in this

chapter for more details about operation of bypass FIFO.

ADC12_OVF =0 corresponds to no overflow event has been detected neither
for ADC-1 nor for ADC-2.

ADC12_OVF=1 corresponds to the overflow event has been detected either
for ADC-1 and/or for ADC-2. ADC12_OVF flag can be reset by writing to the
DSP_CLR_ADC_OVF_RG register.

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

DSP_PDC_STAT_RG register must be used to read current state of PDC data ready and interrupt request
flags. DSP_PDC_STAT_RG register is available for read-only and is allocated to the least significant byte of
DSP 16-bit data word within the DSP 1/O area. Table 2-9 provides details about DSP_PDC CNTR_RG
register bits.

DSP_PDC_STAT_RG register (r)

X

PDC4_INT
(r

PDC3_INT
(r)

PDC2_INT
(r

PDC1_INT
(r)

PDC4_RDY
(r

PDC3_RDY
(r

PDC2_RDY
(r

PDC1_RDY
(r)

bits 15..8

bit-7

bit-6

Bit-5

bit-4

bit-3

bit-2

bit-1

bit-0
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Table 2-9. Register bits of DSP_PDC_STAT_RG register.

register bits access value Description
mode on DSP
reset
PDC1_RDY r - Read-only PDC-x data ready flag, which is valid for PDC PARALLEL DIRECT
PDC2_RDY OUTPUT MODE of the corresponding PDC chip. PDCx_RDY flags can
PDC3_RDY generate DSP external interrupts INT-0..3. Refer to the HSP50214
PDC4_RDY documentation and to section “RF Signal Processing Control” later in this

chapter for more details about operation of bypass FIFO.

PDCx_RDY =0 corresponds to no valid data at the AOUT/BOUT 16-bit output
ports presents for the corresponding PDC chip.

PDCx_RDY =1 corresponds to the valid data has been loaded by the
corresponding PDC chip to its AOUT/BOUT 16-bit output ports. PDCx_RDY
flag will stay in the PDCx_RDY =1 state until DSP will read either AOUT or
BOUT port of the corresponding PDC chip.

PDC1_INT r - Read-only PDC-x interrupt request flag, which is valid for PDC BUFFER RAM
PDC2_INT PARALLEL OUTPUT MODE of the corresponding PDC chip. PDCx_INT
PDC3_INT interrupt signal can be configured by DSP software to certain PDC FIFO depth
PDC4_INT threshold (via bits #12..#14 of PDC Control Word #21). PDCx_INT flags can

generate DSP external interrupts INT-0..3. Refer to the HSP50214
documentation and to section “RF Signal Processing Control” later in this
chapter for more details about operation of bypass FIFO.

PDCx_INT =0 corresponds to the number of valid FIFO data frames is less
than the programmed PDC FIFO depth threshold.

PDCx_INT =1 corresponds to the number of valid FIFO data frames is equal
or larger than the programmed PDC FIFO depth threshold. PDC FIFO data
frames can be reconstructed by DSP software from least significant bytes of
the PDC AOUT and PDC BOUT output data. PDCx_INT signal will stay in the
PDCx_INT =1 state during eight PDC PROCLK cycles (160 ns) only, and will
go to the PDCx_INT =0 state afterthat. DSP software must read PDC FIFO
data as quick as possible in order to free space for the next FIFO data frame,
which will be filled-in on the next PDC output sampling frequency event.

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

DSP_CLR _ADC OVF _RG register must be used to clear overflow flags for ADC-1 and ADC-2. All
ADC1_OVF, ADC2_OVF and ADC12_OVF flags, which are available via DSP_ADC_FIFO_STAT_RG
register  (fig.2-8) will be clewed on write to DSP_CLR ADC OVF RG register.
DSP_CLR_ADC_OVF_RG register is available within the DSP /O area for write-only with the data written
ignored.
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DSP_CLR_ADC_OVF_RG register (w)

X X X X X X X

X X
(w) (w) (w) (w) (w) (w) (w) (w)

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

DSP_FIFO_RES_RG register must be used to reset bypass FIFO data acquisition controller and to clear FIFO
EF/PAE/PAF/FF flags. Bits FIFO_DAQ_RUN and FIFO_DAQ_END of DSP_FIFO_CNTR_RG register
(table 2-7) will be also cleared on writeto DSP_FIFO_RES_RG register. DSP_FIFO_RES _RG register is
available within the DSP /O area for write-only with written data ignored.

DSP_FIFO_RES_RG register (w)

X X X X X X X X X

(w) (w) (w) (w) (w) (w) (w) (w)

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

DSP_XDMP_RG register for selection of accessed external data memory

DSP_XDMP_RG register must be used by the on-board TMS320C54x DSP software in order to switch
between the on-board DPRAM and FLASH memories when accessing external data memory (refer to table 2-2),
and to select the 32KB page of FLASH memory, which is allocated to the DSP external data memory address
range in case FLASH has been selected by the DSP.

DSP_XDMP_RG register is available for read/write and is allocated to the least significant byte of DSP 16-bit
data word within the DSP 1/O area. Table 2-10 provides details about DSP_XDMP_RG register bits.

DSP_XDMP_RG Register (r/w)

X XDMEM_SEL 0 0 0 0 0 FPAGE-1 FPAGE-0
(r/w) (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. Register bits of DSP_XDMP_RG register.

register bits access value Description
mode on DSP reset
XDMEM_SEL riw 0 Defines the memory (DPRAM or FLASH), which is mapped
(for SA/NO-BMODE to the [8000H..FFFFH] external data memory address space
HOST/NO-BMODE of on-board TMS320C54x DSP in case bit DROM of DSP
HOST/HPI-BMODE on-chip PMST register is set to the DROM=0 state.
bootmodes)
XDMEM_SEL =0 corresponds to DPRAM memory is
1 mapped to the DSP external data memory area.
(for SA/FLASHS-
BMODE XDMEM_SEL =1 corresponds to FLASH memory is mapped
HOST/FLASH8-BMODE | {5 the DSP external data memory area.
bootmodes)

{FPAGE-1, FPAGE-0} riw {0,0} Selects particular 32K page of 128K FLASH memory, which
is mapped to the [8000H..FFFFH] external data memory
address space of on-board TMS320C54x DSP in case bit
XDMEM_SEL of DSP_XDMP_RG register is set to the
XDMEM_SEL=1 state and DROM of DSP on-chip PMST
register is set to the DROM=0 state.

Note:

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

CAUTION

DSP_XDMP_RG register defaults to the DPRAM memory selected as external data memory
for on-board DSP on the DSP reset condition in case DSP startsin either SA/NO-BMODE, or
HOST/NO-BMODE, or HOST/HPI-BMODE bootmode.

DSP_XDMP_RG register defaults to the FLASH memory page #0 selected as external data
memory for on-board DSP on the on the DSP reset condition in case DSP startsin either
SA/FLASH8-BMODE or HOST/FLASH8-BMODE bootmode.

DSP_SYS _STAT_RG register

DSP_SYS_STAT_RG register contains information about the operation mode and DSP bootmode.
DSP_SYS_STAT_RG register is available for read-only and is alocated to the least significant byte of DSP
16-bit data word within the DSP 1/O area. Table 2-11 provides details about DSP_SYS _STAT_RG register
bits.

DSP_SYS_STAT_RG register (r)

X 0 0 0 0 0 SA_MODE BMODE-1 BMODE-0

() (n (n

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 2-11. Register bits of DSP_SYS_STAT_RG register.

register bits access Description
mode
SA_MODE r Returns the DSP start up operation mode. SA_MODE bit does not change

during DSP running until DSP reset signal will be applied.

SA_MODE =0 corresponds to the on-board DSP running under the control of
host PIOX-16 interface (HOST/NO-BMODE, HOST/FLASH8-BMODE and
HOST/HPI-BMODE bootmodes in accordance with table 2-1).

SA_MODE =1 corresponds to the on-board DSP running in stand-alone
mode (SA/NO-BMODE and SA/FLASH-BMODE bootmodes in accordance
with table 2-1).

{BMODE-1, BMODE-0} r Returns DSP boot mode. BMODE-1/0 bits do not change during DSP
running until DSP reset signal will be applied.

{BMODE-1, BMODE-0} ={0,0} corresponds to the microprocessor start-up
modes without boot process (SA/NO-BMODE and HOST/NO-BMODE
bootmodes in accordance with table 2-1).

{BMODE-1, BMODE-0} ={0,1} corresponds to the microcontroller start-up
modes with boot from 8-bit FLASH memory (SA/FLASH8-BMODE and
HOST/FLASH8-BMODE bootmodes in accordance with table 2-1).

{BMODE-1, BMODE-0} ={0,1} corresponds to the microcontroller start-up
modes with boot via HPI port (HOST/HPI-BMODE bootmodes in accordance
with table 2-1).

{BMODE-1, BMODE-0} ={1,1} is reserved and should not be read.

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

DSP_BRS_RG register

DSP_BRS_RG read-only register has been included for compatibility with the TMS320C54x DSP on-chip
bootloader, and makes the DSP bootloader to select the boot from the on-board 8-bit FLASH memory starting
from the 8000H DSP external data memory address in case boot from FLASH has been selected via on-board
SW2-1 button. This register is allocated at the FFFFH DSP 1/0O address and has the following data format:

DSP_BRS_RG register (r)

X 1 0 0 0 0 0 0 1

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

Watchdog timer (WDT) control

TORNADO-PX/DDC4 provides on-board watchdog timer (WDT), which can generate output pulse in case it
has been not reset by DSP software within the latency period (typically 1.6 sec) after the last WDT reset event.
In case DSP is running in stand-alone mode with the WDT feature enabled, then the DSP software must
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periodically reset WDT (with the period about 0.8 sec) in order to exclude automatic DSP restart via on-board
DSP bootmode and reset controller (BMRC). WDT feature increases the reliability of stand-alone DSP
operation in embedded environment and allows to restart the on-board DSP in case of the DSP idling or
software crash

DSP reset on the WDT expiration event is enabled by the WDT_EN hit of DSP_WDT _EN_RG register,
which is alocated to the least significant byte of DSP 16-bit data word within the DSP 1/O area. Table 2-12
provides details about DSP_WDT_EN_RG register hits.

DSP_WDT_EN_RG register (r/w)

X 0 0 0 0 0 0 0 WDT_EN

(r'w, 0+)

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

Table 2-12. Register bits of DSP_WDT _EN_RG register.

Register bits

access
mode

value on
DSP reset

Description

WDT_EN

r/w

0

Enables WDT feature for DSP stand-alone operation (SA/NO-BMODE
and SA/FLASH-BMODE bootmodes in accordance with table 2-1).

WDT_EN =0 corresponds to the WDT feature disabled. The DSP reset
on the WDT expiration event is disabled, and WDT output is ignored by
on-board BMRC.

WDT_EN =1 corresponds to the WDT feature enabled. DSP software
must periodically (with the period about 0.8 sec) reset WDT by means of
writing to the DSP_WDT_RES_RG register (written data is ignored) in
order to exclude automatic DSP restart.

Note:

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

DSP_WDT _RES RG register must be used to reset WDT in case WDT feature is enabled and DSP is running
in stand-alone bootmode (refer to tables 2-1 and 2-12). DSP_WDT _RES RG register is available within the
DSP I/O areafor write-only with written data ignored.

DSP_WDT_RES_RG register (w)

X X X X X X X X X
(w) (w) (w) (w) (w) (w) (w) (w)
bits 15..8 bit-7 Bit-6 Bit-5 Bit-4 bit-3 bit-2 bit-1 bit-0
CAUTION

The time period between sequential WDT resets must not exceed 0.8 sec,
otherwise the WDT output will activate the DSP reset.
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General Purpose I/O pins

GPIO-0/1 are general purpose I/O pins, which are routed to JP2 external 1/0 connector. GPIO-0/1 1/0 pins are
controlled by two control registers (refer to table 2-2):

« DSP_GPIO_DIR _RG register (GPIO direction register)

« DSP_GPIO_DATA RG register (GPIO data register)

DSP_GPIO_DIR_RG register configures direction for GPIO-0/1 1/O pins and is allocated to the least
significant byte of DSP 16-bit data word within the DSP /O area. Table 2-13 provides details about
DSP_GPIO_DIR _EN _RG register bits.

DSP_GPIO_DIR_RG register (r/w)

X 0 0 0 0 0 0 GPIO-1_DIR | GPIO-0_DIR
(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

DSP_GPIO_DATA_RG register defines the current state of GPIO-0/1 1/0 pins and is alocated to the least
significant byte of DSP 16-bit data word within the DSP 1/O area.

DSP_GPIO_DATA_RG IOX register (r/w)

X 0 0 0 0 0 0 GPIO-1 GPIO-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 2-13. Register bits of DSP_GPIO_DIR_RG register.

Register bits

access
mode

value on
DSP reset

Description

GPIO-0_DIR

r/w

Controls direction of the GP/O-0 I/O pin, which is available at JP2
external I/O connector.

GPIO-0_DIR =0 corresponds to the input direction for GP/O-0 I/O pin. In
this case the current state of GP/O-0 input pin can be read by DSP
software via the GPIO-0 bit of DSP_GPIO_DATA_RG register. Writes to
the GPIO-0 bit of DSP_GPIO_DATA_RG register are ignored.

GPIO-0_DIR =1 corresponds to the input direction for GP/O-0 I/O pin. In
this case the output state of GP/O-0 output pin can be set by writing to
the GPIO-0 bit of DSP_GPIO_DATA_RG register, whereas current state
of GPIO-0 pin can be read by DSP software via the GP/O-0 bit of
DSP_GPIO_DATA_RG register.

GPIO-1_DIR

r/'w

Controls direction of the GP/O-1 1/O pin, which is available at JP2
external I/O connector.

GPIO-1_DIR =0 corresponds to the input direction for GP/O-1 1/O pin. In
this case the current state of GP/O-1 input pin can be read by DSP
software via the GP/O-1 bit of DSP_GPIO_DATA_RG register. Writes to
the GPIO-1 bit of DSP_GPIO_DATA_RG register are ignored.

GPIO-1_DIR =1 corresponds to the input direction for GP/O-1 1/O pin. In
this case the output state of GP/O-1 output pin can be set by writing to
the GPIO-1 bit of DSP_GPIO_DATA_RG register, whereas current state
of GPIO-1 pin can be read by DSP software via the GP/O-1 bit of
DSP_GPIO_DATA_RG register.

Note:

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

Note, that in case any of GPIO-0/1 1/O flags is configured as input, then writing to the corresponding bit of
DSP_GPIO_DATA_RG register is ignored, however data written will be hold in DSP_GPIO_DATA _RG
register and will appear on GP/O-0/1 output as soon asit will be configured as the output.

Interrupt source selectors for DSP INTO..3 and NMI external interrupt inputs

The DSP environment of TORNADO-PX/DDC4 offers software programmable selectors for each of the DSP
external interrupts (INTO..INT3) and for DSP non-maskable interrupt (NMI). Since the number of possible
external DSP interrupt sources for TORNADO-PX/DDC4 is well above five sources then this alows
outstanding flexibility for run-time selection from multiple DSP interrupt sources for TORNADO-PX/DDC4 in
order to meet requirements of virtually any DSP application.
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This manual does not provide information about using and programming of TM S320C54x

For more details refer to the TM S320C54x user’ s guide, which is enclosed in either electronic

CAUTION

DSP external INTO..3 and NMI interrupts.

or paper form with this manual.

Setting the interrupt source for DSP external interrupts INTO..3 and for DSP NMI is performed by the DSP
software by means of programming the DSP_MIRQO_SEL_RG..DSP_MIRQ3_SEL_RG and to the
DSP_MNMI_SEL RG registers (refer to table 2-2), which are alocated to the least significant byte of DSP 16-
bit data words within the DSP |/O area.

DSP_MIRQO_SEL_RG register (r/w)

X 0 0 0 MIRQO_SEL-4 MIRQO_SEL-3 MIRQO_SEL-2 | MIRQO_SEL-1 MIRQO_SEL-0
(r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bit-15... bit-7  bit6  bit bit-4 bit-3 bit-2 bit-1 bit-0
DSP_MIRQ1_SEL_RG register (r/w)
X 0 0 0 MIRQ1_SEL-4 MIRQ1_SEL-3 MIRQ1_SEL-2 | MIRQ1_SEL-1 MIRQ1_SEL-0
(r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bit-15... bit-7  bit6  bith bit-4 bit-3 bit-2 bit-1 bit-0
DSP_MIRQ2_SEL_RG register (r/w)
X 0 0 0 MIRQ2_SEL-4 MIRQ2_SEL-3 MIRQ2_SEL-2 | MIRQ2_SEL-1 MIRQ2_SEL-0
(r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bit-15... bit-7  bit6  bith bit-4 bit-3 bit-2 bit-1 bit-0
DSP_MIRQ3_SEL_RG register (r/w)
X 0 0 0 MIRQ3_SEL-4 MIRQ3_SEL-3 MIRQ3_SEL-2 | MIRQ3_SEL-1 MIRQ3_SEL-0
(r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)
bit-15... bit-7  bit6  bith bit-4 bit-3 bit-2 bit-1 bit-0
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DSP_MNMI_SEL_RG Register (r/w)

X 0 0 0 0 NMI_SEL-3 NMI_SEL-2 NMI_SEL-1 NMI_SEL-0
(r/w, 0+) (r/w, 0+) (r/w, 0+) (r/w, 0+)
bit-15...8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
CAUTION

DSP_MIRQO_SEL_RG..DSP_MIRQ3_SEL_RG interrupt selector registers allow
selection of interrupt source for TM S320C54x DSP INTO..3 external interrupt inputs.

DSP_NMI_SEL_RG interrupt selector register allow selection of interrupt source for
TMS320C54x DSP NMI external interrupt input.

Each of the DSP INTO..3 externa interrupt selector registers of TORNADO-PX/DDC4 dlows selection of one
interrupt source from 20 available interrupt sources in accordance with table 2-14a, whereas DSP NMI interrupt
selector register allows selection of one interrupt source from 12 available interrupt sources in accordance with

table 2-14b.
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Table 2-14a. Interrupt sources for DSP INTO..3 external interrupt selectors.

bits #4..#0 of DSP Interrupt source
DSP_MIRQO_SEL_RG,
DSP_MIRQ1_SEL_RG
DSP_MIRQ2_SEL_RG,
DSP_MIRQ3_SEL_RG
bit#4 | bit#3 | bit#2 | bit#1 | bit#0
0 0 0 0 0 Interrupt is disabled. This is the default value on the DSP reset condition.
0 0 0 0 1 Interrupt on interrupt request from DPRAM (active DSP_DPRAM_IRQ
interrupt request).
0 0 0 1 0 Interrupt on interrupt request from the UART-1 channel of DUART.
0 0 0 1 1 Interrupt on interrupt request from the UART-2 channel of DUART.
0 0 1 0 0 Interrupt on the falling edge (1 - 0 transition) at the GP/O-0 1/O pin.
0 0] 1 0 1 Interrupt on falling edge (1 - 0 transition) at the GP/O-1 1/O pin.
0 0 1 1 0 Interrupt on ADC-1 overflow (active ADC1_OVF flag).
0 0] 1 1 1 Interrupt on ADC-2 overflow (active ADC2_OVF flag).
0 1 0 0 0 Interrupt on either ADC-1 or ADC-2 overflow (active ADC12_OVF flag).
0 1 0 0 1 Interrupt on the end of FIFO data acquisition (active FIFO_DAQ_END flag).
0 1 0 1 0 Interrupt on FIFO empty condition (active FIFO EF flag).
0 1 0 1 1 Interrupt on FIFO partially empty condition (active FIFO PAE flag).
0 1 1 0 0 Interrupt on PDC-1 interrupt request (active PDC1_IRQ flag).
0 1 1 0 1 Interrupt on PDC-2 interrupt request (active PDC2_IRQ flag).
0 1 1 1 0 Interrupt on PDC-3 interrupt request (active PDC3_IRQ flag).
0 1 1 1 1 Interrupt on PDC-4 interrupt request (active PDC4_IRQ flag).
1 0 0 0 0 Interrupt on PDC-1 ready condition (active PDC1_RDY flag).
1 0 0 0 1 Interrupt on PDC-2 ready condition (active PDC2_RDY flag).
1 0 0 1 0 Interrupt on PDC-3 ready condition (active PDC3_RDY flag).
1 0 0 1 1 Interrupt on PDC-4 ready condition (active PDC4_RDY flag).
Notes: 1. Unlisted combinations are reserved and will result in no interrupt selection.

2. Highlighted selection corresponds to default setting on the DSP reset condition.
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Table 2-14b. Interrupt sources for DSP NMI external interrupt selector.

bits #4..#0 of DSP Interrupt source
DSP_MNMI_SEL_RG
bit#4 | bit#3 | bit#2 | bit#1 | bit#0
0 0 0 0 0 Interrupt is disabled. This is the default value on the DSP reset condition.
0 0 0 0 1 Interrupt on interrupt request from DPRAM (active DSP_DPRAM_IRQ
interrupt request).
0 0 0 1 0 Interrupt on interrupt request from the UART-1 channel of DUART.
0 0 0 1 1 Interrupt on interrupt request from the UART-2 channel of DUART.
0 0 1 0 0 Interrupt on the falling edge (1 - 0 transition) at the GP/O-0 1/O pin.
0 0 1 0 1 Interrupt on the falling edge (1 - 0 transition) at the GP/O-1 1/O pin.
0 0 1 1 0 Interrupt on ADC-1 overflow (active ADC1_OVF flag).
0 0 1 1 1 Interrupt on ADC-2 overflow (active ADC2_OVF flag).
0 1 0 0 0 Interrupt on either ADC-1 or ADC-2 overflow (active ADC12_OVF flag).
0 1 0 0 1 Interrupt on the end of FIFO data acquisition (active FIFO_DAQ_END flag).
0 1 0 1 0 Interrupt on FIFO empty condition (active FIFO EF flag).
0 1 0 1 1 Interrupt on FIFO partially empty condition (active FIFO PAE flag).
Notes: 1. Unlisted combinations are reserved and will result in no interrupt selection.

2. Highlighted selection corresponds to default setting on the DSP reset condition.

CAUTION

All DSP external interrupt source selector registers default to the O0H state on the DSP reset
condition, which corresponds to no selected interrupt source, i.e. the corresponding external
interrupt is disabled.

DSP_AUX_IRQ_STAT_RG register

DSP_AUX_IRQ_STAT_RG register contains status information for some interrupt requests, which is not
available via on-board read-back peripherals and registers. DSP_AUX IRQ_STAT _RG register might be
useful in case user DSP application would appreciate to perform software polling of peripherals ready condition
rather then to use interrupts.
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DSP_AUX_IRQ_STAT_RG register is available for read-only and is allocated to the least significant byte of
DSP 16-bit data word within the DSP /O area. Table 2-15 provides details about DSP_AUX _IRQ_STAT_RG
register hits.

DSP_AUX_IRQ_STAT_RG register (r)

X 0 0 0 0 0 UART2_IRQ UART1_IRQ DSP_DPRAM_IRQ
(r, 0+) (r, 0+) (]

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

Table 2-15. Register bits of DSP_AUX _IRQ_STAT_RG register.

register bits access Description
mode
DSP_DPRAM_IRQ r Returns current status of interrupt request from DPRAM. DPRAM interrupt is

set active when host TORNADO DSP system/controller writes to the
DSP_DPRAM_HM_RQ DPRAM memory location via host PIOX-16 interface.
This interrupt request is valid for host operation mode only.

DSP_DPRAM_IRQ =0 corresponds to no active interrupt request from
DPRAM.

DSP_DPRAM_IRQ =1 corresponds to active interrupt request from DPRAM,
i.e. host TORNADO DSP system/controller has written data to the
DSP_DPRAM_HM_RQ DPRAM memory location via host PIOX-16 interface.
DSP software has to read from DSP_DPRAM_HM_RQ DPRAM memory
location in order to clear DPRAM interrupt request.

UART1_IRQ r Return interrupt current status of interrupt requests from UART-1 and UART-
UART2_IRQ 2 channels of DUART..

UARTx_IRQ =0 corresponds to no active interrupt request from the
corresponding channel of DUART. This is the default value on the DSP reset
condition.

UARTx_IRQ =1 corresponds to active interrupt request from the
corresponding channel of DUART. DSP software has to identify UART
interrupt source via reading UART registers and to perform either write to or
read from UART in order to clear interrupt request. For more detail refer to
the PC16552D DUART documentation.

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

DSP_XSL_FMT_RG register for programming XSL configuration

DSP_XSL_FMT_RG register must be used by on-board TMS320C54x DSP software in order to configure
data format and serial clock features for XSL-1 and XSL-2 external output serial links are serial peripherals,
which can be loaded via DSP on-chip McBSP-1 port. XSL-1 and XSL-2 have been included for digital gain
control of external RF amplifiers, however they can be also used for general purpose serial data output.

For more details about XSL-1 and XSL-2 external output serial links refer to section “Serial Peripherals’ later in
this chapter.
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DSP_XSL_FMT_RG register is available for read/write and is allocated to the least significant byte of DSP
16-bit data word within the DSP 1/0O area. Table 2-16 provides details about DSP_XSL _FMT_RG register bits.

DSP_XSL_FMT_RG Register (r/w)

X 0 0 XSL-CLK_FRM | XSL-CLK_POL | XSL2-DF1 XSL2-DF0 XSL1-DF1 XSL1-DFO
(r'w, 1+) (r'w,0+) (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 2-16. Register bits of DSP_XSL FMT_RG register.

register bits access value Description
mode on DSP reset

{XSL1-DF1, XSL1-DF0} riw {0,0} Defines serial data format for XSL-1 external output serial link.

{XSL1-DF1, XSL1-DF0}= {0,0} corresponds to 8-bit data
transmission over XSL-1. This value is set as default on the DSP
reset condition.

{XSL1-DF1, XSL1-DF0}= {0,1} corresponds to 16-bit data
transmission over XSL-1.

{XSL1-DF1, XSL1-DF0}= {1,0} corresponds to 24-bit data
transmission over XSL-1.

{XSL1-DF1, XSL1-DF0}= {1,1} corresponds to 30-bit data
transmission over XSL-1.

{XSL2-DF1, XSL2-DF0} riw {0,0} Defines serial data format for XSL-2 external output serial link.

{XSL2-DF1, XSL2-DF0}={0,0} corresponds to 8-bit data
transmission over XSL-2. This value is set as default on the DSP
reset condition.

{XSL2-DF1, XSL2-DF0}={0,1} corresponds to 16-bit data
transmission over XSL-2.

{XSL2-DF1, XSL2-DF0}={1,0} corresponds to 24-bit data
transmission over XSL-2.

{XSL2-DF1, XSL2-DF0}={1,1} corresponds to 30-bit data
transmission over XSL-2.

XSL-CLK_POL riw 0 Defines polarity for XSL serial clock output (XSL-CLK), which is
common for both XSL-1 and XSL-2 external output serial links.

XSL-CLK_POL=0 corresponds to positive polarity of XSL-CLK
output, i.e. both XSL data frame synchronization outputs (XSL7-
FSYNC and XSL2-FSYNC) output data are updated at the rising
edges of XSL-CLK output signal. This value is set as default on
the DSP reset condition.

XSL-CLK_POL=1 corresponds to negative polarity of XSL-CLK
output, i.e. both XSL data frame synchronization outputs (XSL7-
FSYNC and XSL2-FSYNC) output data are updated at the falling
edges of XSL-CLK output signal.
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XSL-CLK_FRM riw 1 Defines framing feature for XSL serial clock output (XSL-CLK),
which is common for both XSL-1 and XSL-2 external output serial
links.

XSL-CLK_FRM=0 disables framing for XSL-CLK output, i.e. XSL-
CLK output is continuous and is not effected by the XSL-1 and
XSL-2 frame synchronization outputs (XSL7-FSYNC and XSL2-
FSYNC). This value is set as default on the DSP reset condition.

XSL-CLK_FRM=1 enables framing for XSL-CLK output, i.e. XSL-
CLK output is not continuous and is enabled only during active
XSL-1 and XSL-2 frame synchronization outputs (XSL71-FSYNC
and XSL2-FSYNC). This feature is useful in case XSL are used
for digital gain control of external RF amplifiers and it is desirable
to reduce digital noise level.

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

DSP on-chip McBSP ports

TORNADO-PX/DDC4 on-board TM S320C54x DSP features three on-chip McBSP ports, which can be used to
communicate with on-board peripherals and external devices.

McBSP-0 port is available via on-board JP4 external link/power connector for communication with compatible
external peripherals (refer to Appendix A for connector specifications)

McBSP-1 port is used for programming on-board serial peripherals, which comprise of XDAC-1 and XDAC-2
digital-to-analog converters, PFG-1 and PFG-2 sampling frequency generators, and of XSL-1 and XSL-2
external serial links (for more details refer to section “ Serial Peripherals’ later in this chapter)

McBSP-2 port is used for output to on-board programming on-board PHDAC phone DAC (for more details
refer to section “Serial Peripherals’ later in this chapter).

2.3 RF Signal Processing Control

TORNADO-PX/DDC4 DCM provides multi-path software configurable on-board RF digital signal processing,
which comprises of the following on-board components (fig.2-1):

» RFanalog input section, which includes two 12-bit 65 Msps ADCs (ADC-1 and ADC-2) and two RF

input amplifiers with RF input connectors

e programmable 2:3 ADC streams multiplexer (ADC-SMUX)

e four 65 MSPS Intersil HSP50214 PDC chips (PDC-1, PDC-2, PDC-3 and PDC-4)

» 256 KW bypass FIFO

«  TMS320VC5410 DSP or TMS320VC5416 DSP.

TORNADO-PX/DDC4 on-board RF signal processing paths are configured and controlled via a set of control
registers, which are mapped to DSP /O area (refer to section “DSP Environment” earlier in this chapter and to
table 2-2):
» DSP_ADC _CLKSEL_RG register, which is used to select ADC sampling frequency
» DSP_PDC_FIFO_ISEL_RG register, which is used to configure ADC-SMUX, i.e. to select input
data streams for PDC and FIFO
» DSP_FIFO_CNTR_RG register, which is used to control bypass FIFO operation




58 TORNADO-PX/DDC4.  User’s Guide.

e DSP _FIFO_DATA_ RG read/write register, which is used to read FIFO data and to program FIFO
flags

e read-only DSP_ADC FIFO_STAT _RG register, which isused to read current status of ADC
overflow flags and FIFO flags

» read-only DSP_PDC_STAT_RG register, which isused to read current status of PDC ready flags

» write-only DSP_CLR_ADC_OVF_RG register, which isused to clear ADC overflow flags

» write-only DSP_FIFO_RES_RG register, which is used to reset bypass FIFO read/write pointers and
FIFO flags.

This section will provide details about TORNADO-PX/DDC4 on-board RF signal processing components and
how to configure and control RF digital signal processing paths.

RF analog input section

RF analog input section (fig.2-3) of TORNADO-PX/DDC4 DCM includes two identical channels, each
comprising of RF input amplifier, ADC, ADC sampling frequency selector and ADC overflow controller.
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Fig.2-3. RF analog input section.

RF input amplifiers

RF input amplifiers connect to external analog world via mini-coax on-board JP5 and JP6 connectors, and
provide 50 Ohm input impedance and wide signal-pass bandwidth.
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RF input amplifiers are DC coupled with input RF signals and allow small DC input bias at RF inputs. Outputs
of RF input amplifiers are DC decoupled from ADC inputs.

The signal-pass bandwidth of RF input amplifiers is limited at the low end only by means of the 1% order high-
frequency pass filter at approximately 5 kHz, which is actually defined by the parameters of the DC decoupling
between RF input amplifies and the corresponding ADC inputs.

The upper bandpass frequency of input RF input amplifiers well exceeds the 32.5 MHz bandwidth for 65 MHz
maximum sampling frequency value for on-board ADC in order to allow undersampling of input RF signal via
ADC.

ADC and ADC sampling frequency selector

On-board ADC feature 12-hit resolution at up to 65 MHz sampling frequency and excellent linearity, which
guarantee minimum signal distortions during conversion of RF input signal.

On-board ADC feature wide signal bandwidth and along with RF input amplifiers allow undersampling of RF
input signals within the frequency range below approximately 150 MHz.

12-bit real-time output data stream of each ADC can be further routed to the input data streams for PDC and
FIFO viaon-board ADC-SMUX stream multiplexer.

Each ADC has its own sampling frequency input, which can be configured by on-board DSP software via
DSP_ADC _CLKSEL_RG register to come from any of the following sources (table 2-5):

» any of two on-board sampling frequency generators (PFG-1 and PFG-2)

» any of two external sampling frequency inputs (XFS-1 and XFS-2).

The on-board PFG-1 and PFG-2 sampling frequency generators can be programmed by DSP software to any
frequency value within the 0.09765 MHz .. 65 MHz frequency range. For more details about PFG refer to
section “Serial Peripherals’ later in this chapter.

External sampling frequency inputs XFS-1 and XFS-2 are available at the JP2 external 1/0O connector. Both
XFS-1 and XFS-2 inputs are low impedance 100 Ohm logical inputs in order to minimize signal distortions
when connecting to external signal sources.

ADC overflow controller

One of the important requirements for perfect RF digital signal processing using PDC chipsis to ensure no input
data overflow (saturation), which can result in significant output distortions after digital signal mixing, digital
filtering and digital demodulation. In order to meet this requirement, TORNADO-PX/DDC4 DCM provides
real-time overflow control for each of the on-board ADC.

ADC overflow flags (ADC1_OVF and ADC2_OVF) are set in case the corresponding ADC output digital data
reaches its either positive maximum or negative minimum value and can be cleared by DSP software by means
of writing to the DSP_CLR_ADC_OVF_RG register (refer to section “DSP Environment” earlier in this
chapter) after DSP will recognize and process ADC overflow event(s).
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CAUTION

Writing to the DSP_CLR_ADC _OVF_RG register clearsboth ADC1_OVF and
ADC2_OVF ADC overflow flags.

ADC overflow events can generate external DSP interrupt in case the corresponding ADC7_OVF and
ADC2_OVF ADC overflow flag is selected via DSP_MIRQO_SEL_RG..DSP_MIRQ3_SEL_RG and

DSP_MNMI_SEL RG registers to generate either DSP external INTO..3 or NMI interrupt (tables 2-14a and 2-
14b).

ADC1_OVF and ADC2 OVF ADC overflow flags are aso avalable for software polling via
DSP_ADC_FIFO_STAT_RG register (table 2-8).

TORNADO-PX/DDC4 DCM aso provides ADC12_OVF summary ADC overflow flag, which isalogical OR
between the ADC1_OVF and ADC2_OVF ADC overflow flags, and is set in case any of the ADC1_OVF and
ADC2_OVF flagsis set. ADC12_OVF summary ADC overflow flag is available both for software polling via
DSP_CLR_ADC_OVF_RG register and as the source for DSP external INTO..3 and NMI interrupts.

CAUTION

ADC12_OVF summary ADC overflow flag is useful to reduce the number of the DSP
external interrupts utilized for ADC overflow tracking and/or to save DSP time for detection
of the ADC overflow events by means of software pollingviaDSP_CLR_ADC _OVF _RG

register.

ADC streams multiplexer (ADC-SMUX)

Each of two 12-bit ADC output data streams can be routed to the input streams for PDC-1/2 and PDC-3/4 PDC
sets, and for bypass FIFO via programmable ADC-SMUX ADC streams multiplexer (fig.2-4).
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Fig.2-4. ADC output data stream multiplexer.

ADC-SMUX is controlled by DSP software via DSP_PDC _FIFO_ISEL RG register (table 2-6) and delivers
outstanding flexibility for run-time configuring of RF digital signal processing paths.

ADC-SMUX comprises of three independent data streams multiplexers for PDC-1/2, PDC-3/4 and FIFO inpults,
which are combined with the corresponding clock multiplexers. The PDC-1/2 combined data stream and clock
multiplexer is controlled by the PDC12_ISEL bit of via DSP_PDC _FIFO_ISEL RG register, whereas the
PDC34_ISEL and FIFO_ISEL bits of DSP_PDC_FIFO_ISEL _RG register control the corresponding
combined data stream and clock multiplexers for PDC-3/4 set and bypass FIFO.

Should this be important for user application, each data stream multiplexer of ADC-SMUX introduces 2 clocks
delay to the corresponding digital data stream path.

PDC pool

On-board PDC pool comprises of four Intersil HSP50214 PDC chips each providing one DRR signal processing
channel. PDC perform digital down conversion of high-bandwidth parallel ADC output stream to the low-band
PDC output data stream, which can be read and processed by on-board DSP.

On-board PDC pool is organized as two sets of two PDC chips each (PDC-1/2 and PDC-3/4). Both HSP50214
PDC chips within one PDC set share common 12-bit input data stream and common CLKIN clock frequency,
which are the output data stream and clock output of the corresponding combined data stream and clock
multiplexer of ADC-SMUX (fig.2-4).
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CAUTION
Input PDC data streams from the corresponding ADC-SMUX outputs are aligned at the PDC
most significant bit at the PDC input data port with four least significant bits being ‘zeroed'.

The PDC external gain adjustment inputs are not used, and are externally grounded in order to
provide optional 0dB gain factor.

Each on-board HSP50214 PDC chips comprises of 8-bit PDC microprocessor read/write port, which must be
used to configure and control the PDC chip, and two 16-bit read-only PDC real-time output data ports (AOUT
and BOUT). All ports are available via DSP 1/O area (table 2-2).

CAUTION

This manual does not provide information about architecture and programming
of Intersil HSP50214 PDC chip.

For more details about Intersil HSP50214 PDC chip refer to original datasheet, whichis
supplied in either electronic or paper form with this user’s guide.

configuring PDC via microprocessor port

PDC microprocessor port must be used to configure PDC on-chip NCO, mixer, digital filters, decimators,
demodulators and output data selectors. PDC microprocessor port comprises of six 8-bit registers, which are
allocated to the least significant byte of the DSP 16-bit data word:

» DSP_PDCx_HLDO RG, DSP_PDCx_HLD1_RG, DSP_PDCx_HLD2 RG and
DSP_PDCx_HLD3 RG registers, which shall be used to compose and latch the 32-bit data word
during writes to the PDC chip and to read requested data from the PDC chip

e DSP _PDCx WRADDR _ RG register, which must be used to define the write address for 32-bit data
word, which is composed and latched by DSP_PDCx_HLDO RG, DSP_PDCx_HLD1 RG,
DSP_PDCx_HLD2 RG and DSP_PDCx_HLD3 RG registers

e DSP _PDCx RDARRD_RG register, which must be used to define the address of data to be read
from the PDC chip.

For example, the write procedure of 32-bit 0x12345678 data word to the PDC-3 on-chip control register #A via
PDC microprocessor port is performed in five steps:

» writebyte#1 (least significant byte) of 32-bit dataword (0x78) to DSP_PDC3 _HLDO_RG register

» write byte #2 of 32-bit dataword (0x56) to DSP_PDC3 _HLD1_RG register

» write byte #3 of 32-bit dataword (0x34) to DSP_PDC3 _HLD2 RG register

» write byte #4 (most significant byte) of 32-bit dataword (0x12) to DSP_PDC3 HLD3 RG register

* writeaddress#A to DSP_PDCx_WRADDR_RG register.

PDC has been designed to read-back only few predefined data via PDC microprocessor port. This predefined
data includes buffer RAM contents (I, Q, magnitude, phase and frequency), input level detector, AGC timing
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and error, and status information. For example, the read procedure of 1/Q data from the buffer RAM of PDC-3
chip is performed in five steps:

e write O0H datato the DSP_PDC3 RDARRD RG register, i.e. select 1/Q datafor read-back

» read byte #1 (least significant byte) of 16-bit I-data fromthe DSP_PDC3_HLDO_RG register

» read byte #2 (most significant byte) of 16-bit I-datafromthe DSP_PDC3_HLD1_RG register

» read byte#1 (least significant byte) of 16-bit Q-datafrom the DSP_PDC3 _HLD2 RG register

* read byte #2 (most significant byte) of 16-bit Q-datafrom the DSP_PDC3 HLD3 RG register.

Refer to original documentation for HSP50214 PDC for more details about how to use the PDC microprocessor
port and how to configure HSP50214 PDC chip.

reading PDC real-time data via 16-bit AOUT/BOUT output ports

Real-time output PDC data are available for read by DSP software viathe AOUT and BOUT 16-bit output data
ports (table 2-2).

Each of 16-bit AOUT and BOUT output data ports comprises of eight 16-bit output data registers:
« DSP_PDCx_AOUTO_RG .. DSP_PDCx_AOUT7_RG internal PDC registers available via AOUT
port
« DSP_PDCx_BOUTO_RG .. DSP_PDCx_BOUT7_RG interna PDC registers available viaBOUT
port,
whereas data, which is read via AOUT/BOUT PDC output ports, shall be interpreted upon the PDC output
operation mode:
* PARALLEL DIRECT OUTPUT MODE
* BUFFERRAM PARALLEL OUTPUT MODE

In case PARALLEL DIRECT OUTPUT MODE (fig.2-5) is selected (via bit #25 of PDC Control Word #20), then
output data shall be read from DSP_PDCx_AOUTO_RG and DSP_PDCx_BOUTO0_RG registers only. Two
16-bit real-time data words, which are routed to PDC AOUT/BOUT output ports (DSP_PDCx_AOUTO_RG
and DSP_PDCx_BOUTO_RG registers) in this mode are selected by bits #22.#23 and bits #20..#21
correspondingly of PDC Control Word #20. When new PDC output data comes available via PDC
AOUT/BOUT output ports, then the corresponding PDCx_RDY ready signa is set active by PDC.
PDCx_RDY ready signal can be either polled via DSP_PDC STAT _RG register or can generate DSP
external interrupt INT-0..3 in case PDCx_RDY input is selected as the interrupt source via the interrupt selector
registers DSP_MIRQO_SEL_RG .. DSP_MIRQ3_SEL_RG. PDCx_RDY signal remains in active state until
on-board DSP will read from any of the PDC AOUT/BOUT output ports.
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Fig.2-5. Timing diagram for PDC PARALLEL DIRECT OUTPUT MODE.

In case BUFFER RAM PARALLEL OUTPUT MODE (fig.2-6) is selected (via bit #15 of PDC Control Word
#21), then actual 16-bit PDC FIFO output data word must be reconstructed by on-board DSP software using
LSB of PDC AOUT and LSB of PDC BOUT output data ports. The LSB of AOUT data must be treated as MSB
of 16-bit PDC FIFO output data word, whereas the LSB of BOUT must be treated as LSB of 16-bit PDC FIFO
output data word. MSBs of both PDC AOUT and PDC BOUT data words shell be ignored. Particular
reconstructed 16-bit FIFO data word (I, Q, Magnitude, Phase, Frequency), or FIFO status/control register is
selected by the corresponding addressed words within AOUT/BOUT data ports (DSP_PDCx_AOUTO_RG ..
DSP_PDCx_AOUT7_RG and DSP_PDCx_BOUTO_RG .. DSP_PDCx_BOUT7_RG). Data transfer in
this mode is synchronized by PDC output PDCx_INT interrupt signal, which can be can be either polled via
DSP_PDC_STAT_RG register or generate DSP external interrupt INT-0..3 in case PDCx_INT input is
selected as the interrupt source via the interrupt selector registers DSP_MIRQO_SEL_RG
DSP_MIRQ3_SEL_RG. PDCx_INT interrupt signal can be configured by DSP software to certain PDC FIFO
depth threshold (via bits #12..#14 of PDC Control Word #21).
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Fig.2-6. Timing diagram for PDC BUFFER RAM PARALLEL OUTPUT MODE.
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CAUTION

PDCx_INT signal will remain inthe PDCx_INT =1 state during eight PDC PROCLK cycles
(160 ns) only, and will go to the PDCx_INT =0 state afterthat.

It is recommended to use PDCx_INT signal to interrupt DSP in order to ensure that the
PDCx_INT=1 condition is not missed by your software.

DSP application software must read PDC FIFO data as quick as possible in order to free space
for the next FIFO data frame, which will be filled-in on the next PDC output sampling
frequency period, and to ensure correct PDC FIFO operation.

Refer to original documentation for HSP50214 PDC for more details about PDC output data modes and how to

use PDC AOUT and BOUT 16-bit output data ports.

Bypass FIFO

On-board 256 KW (256Kx12) high-density synchronous bypass FIFO (fig.2-7) has been included for

monitoring and spectral analysis of direct ADC output data.
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Fig.2-7. Bypass FIFO.

acquisition controller, and programmable FIFO flag logic.

Bypass FIFO is controlled via DSP_FIFO_CNTR_RG register (table 2-7), and can operate in the following

modes, which are selected by FIFO_MODE hit:
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*  FIFO CONFIGURATION MODE, which is used to program offsets for FIFO partially empty (PAE)
and partialy full (PAF) flags, which are used in FIFO DATA ACQUISITION MODE

 FIFO DATA ACQUISITION MODE, which is used to acquire and store input ADC data stream in
FIFO RAM array, and further read stored FIFO data by on-board DSP.

FIFO read/write pointer logic and FIFO data acquisition controller are activated in FIFO DATA ACQUIS TION
MODE and are used to control write to FIFO, read from FIFO from on-board DSP, and to activate and terminate
data acquisition process.

FIFO flag logic

FIFO flag logic is used in FIFO DATA ACQUISI TION MODE to terminate FIFO data acquisition process and to
monitor FIFO datafill-in conditions. FIFO flag logic comprises of the following flags:

*  FIFO empty flag (EF)

*  FIFO partially empty flag (PAE)

*  FIFOfull flag (FF)

*  FIFO partialy full flag (PAF).

FIFO empty flag (EF), which appears as FIFO_EF bit for software polling in read-only
DSP_ADC _FIFO_STAT_RG register (table 2-8). FIFO EF flag is non-programmable and indicates FIFO
empty condition. FIFO EF flag can also generate DSP external interrupts INT-0..3 and NMI (tables 2-14a and 2-
14b).

FIFO partidly empty flag (PAE), which appears as FIFO_PAE bit for software polling in read-only
DSP_ADC_FIFO_STAT_RG register. FIFO PAE flag can be programmed FIFO CONFIGURATION MODE.
FIFO PAE flag can also generate DSP external interrupts INT-0..3 and NMI (tables 2-14a and 2-14b). In case
FIFO PAE flag is not set, then there is more than N unread samples inside bypass FIFO (N is the programmed
offset for FIFO PAE flag). In case FIFO PAE flag is set, then thereis N or less number of unread samplesinside
bypass FIFO.

CAUTION

Offset value for FIFO PAE flag is set to default N=1,023 value on the DSP reset condition,
and can be reprogrammed to any value below 256K=262,144 in FIFO CONFIGURATION
MODE.

FIFO full flag (FF), which appears as FIFO_FF bit for software polling in read-only
DSP_ADC _FIFO_STAT_RG register (table 2-8). FIFO FF flag is non-programmable and indicates FIFO full
condition. FIFO FF flag is used as the termination event for FIFO data acquisition controller in FIFO DATA
ACQUISITION MODE and can aso generate DSP externa interrupts INT-0..3 and NMI (tables 2-14a and 2-
14Db).

FIFO partialy full flag (PAF), which appears as FIFO_PAF bit for software polling in read-only
DSP_ADC _FIFO_STAT_RG register. FIFO PAE flag can be programmed FIFO CONFIGURATION MODE.
FIFO PAF flag is used as the termination event for FIFO data acquisition controller in FIFO DATA
ACQUISITION MODE and can aso generate DSP externa interrupts INT-0..3 and NMI (tables 2-14a and 2-
14b). In case FIFO PAF flag is not set, then there is (2'3-M-1) or less number of unread samples inside bypass
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FIFO (M is the programmed offset for FIFO PAF flag). In case FIFO PAF flag is set, then there is (2'%-M) or
more number of unread samples inside bypass FIFO (M is the programmed offset for FIFO PAF flag).

CAUTION

Offset value for FIFO PAF flag is set to default M=1,023 value on the DSP reset condition,
and can be reprogrammed to any value below 256K=262,144 in FIFO CONFIGURATION
MODE.

CAUTION

Offset values for FIFO PAE and PAF flags will not change when performing reset of FIFO
logic and read/write pointer by means of writing to DSP_FIFO_RES RG register.

Table 2-17 contains description for operation of flag logic of bypass FIFO in FIFO DATA ACQUISTION
MODE.

Table 2-17. Flag logic of bypass FIFO.

number of words FIFO FIFO FIFO FIFO
in bypass FIFO FF PAF PAE EF
0 0 0 1 1
1toN 0 0 1 0
(N+1) to (262,144-(M+1) 0 0 0 0
(262,144-M) to 262,143 0 1 0 0
262,144 1 1 0 0
Notes: 1. ‘N ‘denotes offset value for FIFO PAE flag.

2. ‘M *denotes offset value for FIFO PAF flag.

FIFO Configuration Mode

FIFO CONFIGURATION MODE is selected in case FIFO_MODE bit of DSP_FIFO_CNTR_RG register
(table 2-7) is set to the FIFO_MODE =0 state. FIFO CONFIGURATION MODE must be used to program
offsets for FIFO partially empty (PAE) and FIFO partialy full (PAF) flags in case default offset values of FIFO
PAE/PAF flags, which are set on the DSP reset condition, are not desired for user application.

FIFO PAE and PAF flags shall be programmed by DSP software by means of seria writing to
DSP_FIFO_DATA_RG register (fig.2-8).
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Fig.2-8. Programming of FIFO PAE/PAF flags.

After FIFO CONFIGURATION MODE has been selected by setting FIFO_MODE bit of
DSP_FIFO_CNTR_RG register (table 2-7) to the FIFO_MODE =0 state, DSP software must perform a series
of 36 writesto DSP_FIFO_DATA_RG register in order to program new 18-bit offset values for FIFO PAE and

PAF flags starting from the least significant bit of offset value for FIFO PAE flag and ending with most
significant bit of offset value for FIFO PAF flag.

CAUTION

When writing to DSP_FIFO_DATA RG register in FIFO CONFIGURATION MODE, only
DO data bit isvalid and is used to set a series of data bits of programmed offset values for
FIFO PAE and PAF flags.

New offset values for FIFO PAE and PAF flags will be set after a series of 36 writesto
DSP_FIFO DATA RG register will be completed in FIFO CONFIGURATION MODE.

It is hot possible for DSP software to read back programmed offset values
for FIFO PAE and PAF flags.

CAUTION
It is recommended to perform reset of FIFO logic prior programming FIFO PAE and PAF
flagsin FIFO CONFIGURATION MODE.

FIFO logic can be reset by means of writingto DSP_FIFO_RES RG register. Written data
isignored.
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FIFO Data Acquisition Mode

FIFO DATA ACQUISTION MODE is selected when FIFO_MODE bit of DSP_FIFO_CNTR_RG register
(table 2-7) is set to the FIFO_MODE =1 state. FIFO DATA ACQUISITION MODE must be used to acquire
and store input ADC data stream in FIFO RAM array, and further read stored FIFO data by on-board DSP.

Input data stream and write clock for bypass FIFO in FIFO DATA ACQUISITION MODE come out from the
outputs of the corresponding combined output data stream and clock multiplexer of ADC-SMUX (fig.2-4).

FIFO data acquisition process is activated by setting FIFO_DAQ_RUN bit of DSP_FIFO_CNTR_RG register
(table 2-7) tothe FIFO_DAQ_RUN=1 state.

FIFO data acquisition process either terminates normally on termination flag event, or can be aborted by on-
board DSP software by means of setting FIFO_DAQ_ABORT bit of DSP_FIFO_CNTR_RG register to the
FIFO_DAQ_ABORT=1 state. Normal termination of FIFO data acquisition process can occur on either FIFO
FF flag event or FIFO PAF flag event depending upon the FIFO_DAQTF_SEL bit of DSP_FIFO_CNTR_RG
register in accordance with table 2-7.

CAUTION

FIFO FF flag must be used as normal termination event for FIFO data acquisition processin
case user application needs to use full FIFO depth (2'=262,144) to store input data stream.

Programmable FIFO PAF flag must be used as normal termination event for FIFO data
acquisition process in case user application needsto store short input data streams in FIFO and
does not need to use full FIFO depth (2'%=262,144).

Timing diagram for FIFO data acquisition process using norma termination on FIFO PAF flag event is
presented at fig. 2-9.

DSP_FIFO_CNTR_RG
register e FIFO DATA ACQUISITION MODE

¢

FIFO_DAQ_RUN bit of !
DSP_FIFO_CNTR_RG [
register i FIFO DATA ACQUISITION PROCESS

FIFO PAF 4/—\—
read of
DSP_FIFO_DATA_RG H ﬂ ﬂ
register =~ 00— ——— L L

FIFO_DAQ_END bit of
DSP FIFO_CNTR_RG
register

FIFO
cyce | L L7 L L L J L1 L ...
FIFO_MODE bit of !
i
oo
»

Fig.2-9. Timing diagram for FIFO data acquisition process.

After FIFO data acquisition process has been activated by setting FIFO_DAQ _RUN hit of
DSP_FIFO_CNTR_RG register to the FIFO_DAQ_RUN=1, each FIFO write clock increments FIFO write
pointer, whereas each FIFO read, which is performed by on-board DSP software by reading



70 TORNADO-PX/DDC4.  User’s Guide.

DSP_FIFO_DATA_RG register, increments FIFO read pointer and correspondingly decrements FIFO write
pointer. Note, that FIFO writes are performed only during active FIFO data acquisition process, whereas FIFO
data can be read by on-board DSP software anytime while FIFO data acquisition mode is selected.

CAUTION

FIFO PAF flag is synchronous to FIFO write clock during FIFO data acquisition process, and
due to specifics of FIFO synchronization it will be set to active state at the 2™ FIFO write
clock after reaching actual FIFO PAF generation condition.

In caseit is desired to terminate FIFO data acquisition process normally at FIFO PAF event
after acquiring M samples into bypass FIFO, then the offset for FIFO PAF flag must be set to
(262,144-M+2) value in FIFO CONFIGURATION MODE..

After FIFO data acquisition process has been terminated normally, then FIFO_DAQ_END bit of
DSP_FIFO_CNTR_RG register to the FIFO_DAQ_END=1 state. FIFO_DAQ_END bit will remain in the
FIFO_DAQ_END=1 state until it will be reset by means of either setting FIFO_DAQ_ABORT bhit of
DSP_FIFO_CNTR_RG register to the FIFO_DAQ_ABORT=1 state, or by resetting FIFO logic by means of
writing to DSP_FIFO_RES_RG register. Active state of FIFO_DAQ_END bit of DSP_FIFO_CNTR_RG
register, which is set on normal termination of FIFO data acquisition process, can be also used to generate DSP
external interrupts INT-0..3 and NMI (tables 2-14a and 2-14b).

In caseit is required to abort currently active FIFO data acquisition process, then on-board DSP software must
either st the FIFO_DAQ _ABORT bit of DSP_FIFO_CNTR_RG register to the
FIFO_DAQ_ABORT=1state, or resetting FIFO logic by means of writingto DSP_FIFO_RES_RG register.

CAUTION

FIFO reset procedure resets FIFO logic along with read and write pointers, thus making stored
FIFO data unavailable for read by on-board DSP software.

Instead, FIFO abort procedure via setting FIFO_DAQ_ABORT bit of
DSP_FIFO_CNTR_RG register will just stop FIFO data acquisition process and freeze last
value of FIFO write pointer. Stored FIFO datawill remain available for normal read by on-
board DSP software. After aborting, the FIFO data acquisition process can be restarted by
setting FIFO_DAQ_RUN bit of DSP_FIFO_CNTR_RG register to the
FIFO_DAQ_RUN-=1 state.

2.4 Serial Peripherals

TORNADO-PX/DDC4 DCM provides a set of on-board peripherals, which are connected to the DSP on-chip
McBSP-1 and McBSP-2 serial ports (fig.2-1):
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e Two 12-bit 300ksps digital-to-analog converters (XDAC-1 and XDAC-2) for either gain control of
external RF amplifiers or general purpose analog outputs. XDAC-1 and XDAC-2 are controlled via
transmitter of DSP on-chip McBSP-1 port.

*  Two on-board sampling frequency generators (PFG-1 and PFG-2) for accurate setting of virtually any
sampling frequency value within the 97.65 kHz .. 65 MHz frequency range for on-board ADC-PDC
and ADC-FIFO data paths. PFG-1 and PFG-2 are controlled via transmitter of DSP on-chip McBSP-1
port.

»  Two external output serial links (XSL-1 and XSL-2) for digital gain control of external RF amplifiers,
however they can be also used for general purpose serial data output. XSL-1 and XSL-2 are controlled
viatransmitter of DSP on-chip McBSP-1 port.

e 16-bit 300ksps phone DAC (PHDAC) for either audio monitoring or general purpose analog output.
PHDAC is controlled via transmitter of DSP on-chip McBSP-2 port.

CAUTION

The receivers of DSP on-chip McBSP-1 and McBSP-2 ports are not used in on-board
TORNADO-PX/DDC4 environment.

DSP on-chip McBSP-1 and McBSP-2 ports configuration

DSP on-chip McBSP-1 and McBSP-2 ports have to be properly configured in order to communicate with on-
board serial peripherals.

Transmitter of McBSP-1 port has to be configured to internally generated inversed frame synchronization pulse
with one clock advance feature, active low output clock and 32-bit data words. Table 2-18a presents
recommended setting for McBSP-1 port control registers.

CAUTION

Serial clock frequency, which is generated by McBSP-1 ports clock generator, must be less
than 20 MHz in order to provide correct operation of on-board hardware.
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Table 2-18a. Recommended settings for McBSP-1 port control registers.

McBSP-1 port register contents of SPSA recommended
control register address sub-address register register setting
(address 0038H)

SPCR1 0049H 0000H 0000H
SPCR2 0049H 0001H 0041H

PCR 0049H 000EH 0AOAH
XCR1 0049H 0004H 00AOH
XCR2 0049H 0005H 0001H
SRGR1 0049H 0006H 0004H

(TMS320VC5410 DSP)

0007H
(TMS320VC5416 DSP)

SRGR2 0049H 0007H 2000H

Transmitter of McBSP-2 port has to be configured to internally generated inversed frame synchronization pulse
with one clock advance feature, active low output clock and 16-bit data words. Table 2-18b presents
recommended settings for McBSP-2 port control registers.

CAUTION

Serial clock frequency, which is generated by McBSP-2 ports clock generator, must be less
than 10 MHz in order to provide correct operation of PHDAC.
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Table 2-18b. Recommended settings for McBSP-2 port control registers.

McBSP-1 port register contents of SPSA recommended
control register address sub-address register register setting
(address 0038H)
SPCR1 0035H 0000H 0000H
SPCR2 0035H 0001H 0041H
PCR 0035H 000EH 0AOAH
XCR1 0035H 0004H 0040H
XCR2 0035H 0005H 0001H
SRGR1 0035H 0006H 0009H
(TMS320VC5410
DSP)
000FH
(TMS320VC5416
DSP)
SRGR2 0035H 0007H 2000H

command data words for programming XDAC, PFG and XSL serial peripherals

TORNADO-PX/DDC4 DCM has been designed to use 32-bit command data words in order to program
XDAC, PFG and XSL serial peripherals via DSP on-chip McBSP-1 port.

CAUTION

In order to transmit 32-bit command data words for XDAC, PFG and XSL serial peripherals
over DSP on-chip McBSP-1 port, the on-board DSP software must load McBSP-1 DXR2 and
DXRL1 transmitter data registers.

McBSP-1 DXR2 register at address 0042H must be loaded first with the most significant 16
bits of 32-bit command data word, whereas McBSP-1 DXR1 register at address 0043H must
be loaded after DXR2 register with the least significant 16 bits of 32-bit command data word.

Data transmission of 32-bit XDAC, PFG and XSL command data words over McBSP-1 port
occurs after loading the DXR1 register. The McBSP-1 transmitter ready condition must be
polled by on-board DSP software only prior loading the DXR2 register.

Command data word formats for programming TORNADO-PX/DDC4 on-board XDAC, PFG and XSL serid
peripherals via DSP on-chip McBSP-1 port are described below in this section.
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XDAC-1 and XDAC-2 external gain control DAC

TORNADO-PX/DDC4 DCM provides two on-board 12-bit 300ksps DAC (XDAC-1 and XDAC-2) with
unipolar analog outputs for either gain control of external RF amplifiers or general purpose anal og outputs.

XDAC-1 and XDAC-2 digital-to-analog converters feature 12-bit data and programmable output signal scale.
XDAC output signal scale is common for both XDAC-1 and XDAC-2 and can be programmed to either 2,048
VDC or 4,096 VDC value using commands below.

CAUTION
XDAC output signal scale defaultsto ‘UNDEFINED’ on the power-on condition.
On-board DSP software must first set XDAC output scale prior writing datato XDAC-1

and/or XDAC-2. XDAC output signal scale can be set to either 2,048 VDC 04,096 VDC
using the corresponding SET XDAC OUTPUT SIGNAL SCALE COMMAND.

Below are the command data word formats for programming XDAC serial peripherals and XDAC output signal
scale.

XDAC-1 Write Command

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bit-31 bit-30 Bit-29 bit-28 Bit-27 bit-26 bit-25 bit-24 bit-23 bit-22 bit-21 bit-20 bit-19 Bit-18 bit-17 Bit-16

1 0 0 0 DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC-
11 10 9 8 7 6 5 4 3 2 1 0
bit-15 bit-14 Bit-13 bit-12 Bit-11 bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

XDAC-2 Write Command

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bit-31  bit-30  Bit-29  bit-28  Bit-27  bit-26  bit25  bit24  bit-23  bit22  bit-21  bit20  bit-19  Bit-18  bit-17  Bit-16
0 0 0 0 DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC-
11 10 9 8 7 6 5 4 3 2 1 0

bit-15 bit-14 Bit-13 bit-12 Bit-11 bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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Set XDAC 2,048 V Output Signal Scale Command

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bit-31 bit-30 Bit-29 bit-28 Bit-27 bit-26 bit-25 bit-24 bit-23 bit-22 bit-21 bit-20 bit-19 Bit-18 bit-17 Bit-16

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

bit-15 bit-14 Bit-13 bit-12 Bit-11 bit-10 bit-9 bit-8 bit-7 Bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Set XDAC 4,096 V Output Signal Scale Command

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bit-31 bit-30 Bit-29 bit-28 Bit-27 bit-26 bit-25 bit-24 bit-23 bit-22 bit-21 bit-20 bit-19 Bit-18 bit-17 Bit-16

1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0
bit15  bit-14  Bit13  bit12  Bit11  bit10  bit9  bit8  bit7 b6 bits  bitd  bit3  bit2  bit1  bit0
CAUTION

XDAC-1 and XDAC-2 feature unipolar output with 12-bit linear coding, i.e. 000H value
corresponds to 0 VDC output voltage, whereas FFFH val ue corresponds to maximum output
voltage.

CAUTION

The time period between succeeding transmissions of write commands for XDAC-1 and
XDAC-2 serial peripherals must be 3.3 uS or greater in order to meet settling time
specification for XDAC-1 and XDAC-2 output voltage.

PFG-1 and PFG-2 sampling frequency generators

TORNADO-PX/DDC4 DCM provides two on-board programmable frequency generators (PFG-1 and PFG-2)
for accurate setting of sampling frequency for on-board for on-board ADC-PDC and ADC-FIFO data paths
(refer to sections “DSP environment” and “RF Signal Processing Control” earlier in this chapter). PFG-1 and
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PFG-2 output frequency can be programmed to virtually any value within the 97.65 kHz .. 65 MHz frequency
range.

Command data words for programming output frequency values of PFG-1 and PFG-2 sampling frequency
generators comprise of 7-bit N-field (NO..N6), 7-bit M-field (M0..M6), 1-bit V-field, 2-bit R-filed (R0..R1) and
2-bit X-field (X0..X1).

PFG-1 Write Command

0 0 0 0 0 0 0 0 NO N1 N2 N3 N4 N5 N6 MO

Bit-31 Bit-30 Bit-29 bit-28 bit-27 bit-26 bit-25 bit-24 bit-23 bit-22 bit-21 bit-20 bit-19 Bit-18 bit-17 Bit-16

M1 M2 M3 M4 M5 M6 v X0 X1 RO R1 0 1 1 0 1

Bit-15 bit-14 Bit-13 bit-12 bit-11 bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

PFG-2 Write Command

0 0 1 0 0 0 0 0 NO N1 N2 N3 N4 N5 N6 MO

Bit-31 Bit-30 Bit-29 bit-28 bit-27 bit-26 bit-25 bit-24 bit-23 bit-22 bit-21 bit-20 bit-19 Bit-18 bit-17 Bit-16

M1 M2 M3 M4 M5 M6 v X0 X1 RO R1 0 1 1 0 1
Bit-15  bit-14  bit-13  bit-12  bit-11  bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
CAUTION

PFG-1 and PFG-2 write command data words feature inversed order of data bitsfor M, N, V,
R, and X fields, which are used to program the PFG-1 and PFG-2 output frequency value, i.e.
least significant bit of the corresponding filed must be transmitted first.

On-board DSP software must reverse order of data bitsfor M, N, V, R, and X fields, which
are used to program the PFG-1 and PFG-2 output frequency value.

Output frequency value for each of the PFG-1 and PFG-2 sampling frequency generators can be programmed
within the 97,65 kHz .. 65 MHz frequency range via M, N, V, R, and X fields of the PFG command as the
following:

_ 10MHz* N*W
Fout =
M * Rv* Xv* XDIV
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where:

Fout

Vv

Rv

Xv

XDIvV

output frequency value (MHz) of the corresponding PFG
is defined by the N-field of the corresponding PFG command
is defined by the M-field of the corresponding PFG command

value of V-multiplier, which defined by the V-field of the corresponding PFG command in
accordance with table 2-19a

value of R-divider, which defined by the R-field of the corresponding PFG command in
accordance with table 2-19b

value of X-divider, which defined by the X-field of the corresponding PFG command in
accordance with table 2-19¢

optional output divider, which can be set to either :1 or :8 value in accordance with the
corresponding PFGx_FDIV8_EN bit of DSP_ADC_CLKSEL_RG register (table 2-5).

Table 2-19a. V-multiplier programming for PFG.

value of the V-field value of

of PFG command the V-multiplier (Vv)
0 X1
1 X8

Table 2-19b. R-divider programming for PFG.

value of the R-field value of

of PFG command the R-divider (Rv)
R1 RO

0 0 |

0 1 2

1 0 4

1 1 8
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Table 2-19¢. X-divider programming for PFG.

value of the X-field value of

of PFG command the X-divider (Xv)
X1 X0

0 0 1

0 1 2

1 0 4

1 1 8

The following restrictions are applicable for N, M and V-fields of PFG-1 and PFG-2 command data words when
programming PFG-1 and PFG-2 sampling frequency generators:

3<N<75
3<M <50

* *
50MHz < 1OMHZM N*W _ o5oMHz

CAUTION

The time period between succeeding transmissions of write commands for PFG-1 and PFG-2
sampling frequency generators must be 200 uS or greater in order to meet lock time
specification for PFG-1 and PFG-2 on-chip PLL.

XSL-1 and XSL-2 external output serial links

TORNADO-PX/DDC4 DCM provides two on-board external output serial links (XSL-1 and XSL-2) for digital
gain control of external RF amplifiers. XSL-1 and XSL-2 can be also used for general purpose seria data
output.

Both XSL-1 and XSL-2 external output serial links feature programmable data format, programmable serial
clock polarity, and programmable serial clock framing feature via DSP_XSL _FMT_RG register (table 2-16).
These features allow to minimize digital noise for external RF gain amplifiers and to configure XSL-1 and XSL-
2 to interface to virtually any external devices.

TORNADO-PX/DDC4 on-board XSL-1 and XSL-2 external seria links have been designed to interface to
external hardware by means of four signals, which are available at JP2 external 1/0O connector (refer to
Appendix A):
e XSL serial clock output (XSL-CLK), which is common for both XSL-1 and XSL-2 external serial
links. XSL-CLK can be programmed by on-board DSP software and is actually the seria clock of
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transmitter of the DSP on-chip McBSP-1 port. Polarity and framing feature of XSL-CLK output can be
programmed via XSL-CLK_POS and XSL-CLK_FRM bits of DSP_XSL_FMT_RG register (table

2-16). For more details refer to subsection “XSL timing” later in this section.
XSL serial dataoutput (XSL-DATA), which is common for both XSL-1 and XSL-2 external serial

links. Formats of data transmissions over XSL-1 and XSL-2 can be programmed separately to either 8

bits, or 16 bits, or 24 bits or 30 bitsvia{XSL1-FMT1, XSL1-FMTO0} and { XSL2-FMT1, XSL2-

FMTO} bits correspondingly of DSP_XSL_FMT_RG register (table 2-16). For more details refer to
subsection “XSL timing” later in this section.

outputs and which are used to identify transmission over XSL-1 and XSL-2 correspondingly.

XSL seria frame synchronization outputs (XSL71-FSYNC and XSL2-FSYNC), which are active low

Below are command data words for initialization of data transmission over XSL-1 and XSL-2 external output
seria links for different XSL serial data formats (8/16/24/30 data bits), which are defined via { XSL1-FMT1,
XSL1-FMTO} and { XSL2-FMT1, XSL2-FMTQO} bits of DSP_XSL_FMT_RG register for XSL-1 and XSL-2
correspondingly.

(8-bit XSL data format, which corresponds to {XSL1-DF1,XSL1-DF0}={0,0} setting of DSP_XSL_FMT_RG register)

XSL-1 Write Command

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit-31  Bit-30  Bit-29  bit28  bit27  bit26  bit25  bit24  bit23  bit22  bit21 _ bit20  bit-19  Bit-18  bit-17  Bit-16
0 0 0 0 0 0 0 0 XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-

7 6 5 4 3 2 1 0
Bit-15  bit-14  Bit-13  bit-12  bit11  bit-10 bit-9 Bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

XSL-1 Write Command
(16-bit XSL data format, which corresponds to {XSL1-DF1,XSL1-DF0}={0,1} setting of DSP_XSL_FMT_RG register)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit-31  Bit-30  Bit-29  bit-28  bit-27  bit26  bit25  bit24  bit23  bit22  bit21 _ bit-20 _ bit-19 _ Bit-18  bit-17 _ Bit-16
XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit-15  Bit-14  Bit-13  bit-12 _ bit-11 _ bit-10 bit-9 Bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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(24-bit XSL data format,

XSL-1 Write Command

which corresponds to {XSL1-DF1,XSL1-DF0}={1,0} setting of DSP_XSL_FMT_RG register)

1 0 0 0 0 0 0 0 XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
23 22 21 20 19 18 17 16
Bit31  Bit-30  Bit29  bit28  bit27  bit26  bit25  bit24  bit23  Bit22  bit21  bit20 _ bit19  Bit18  bit-17  Bit-16
XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit15  Bit14  Bit-13  bit12  bit11  bit-10 bit-9 Bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
XSL-1 Write Command
(30-bit XSL data format, which corresponds to {XSL1-DF1,XSL1-DF0}={1,1} setting of DSP_XSL_FMT_RG register)
1 0 XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit:31  Bit-30  Bit29  bit28  bit27  bit26  bit25  bit24  bit23  Bit22  bit21  bit20  bit19  Bit-18  bit17  Bit-16
XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit15  bit14  Bit-13  bit12  bit11  bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
XSL-2 Write Command
(8-bit XSL data format, which corresponds to {XSL2-DF1,XSL2-DF0}={0,0} setting of DSP_XSL_FMT_RG register)
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit31  Bit30  Bit29  bit28  bit27  bit26  bit25  bit24  bit23  bit22 _ bit21 _ bit20 _ bit19 _ Bit18  bit-17 _ Bit-16
0 0 0 0 0 0 0 0 XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
7 6 5 4 3 2 1 0
Bit15  Bit14  Bit13  bit12  bit-11  bit-10 bit-9 Bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
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(16-bit XSL data format, which corresponds to {XSL2-DF1,XSL2-DF0}={0, 1} setting of DSP_XSL_FMT_RG register)

XSL-2 Write Command

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit-31  Bit-30  Bit-29  bit28  bit27  bit26  bit-25  bit24  bit23  bit22  bit21 _ bit20  bit19  Bit-18  bit-17  Bit-16
XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit-15  Bit-14  Bit-13  bit12  bit11  bit-10 bit-9 Bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
XSL-2 Write Command
(24-bit XSL data format, which corresponds to {XSL2-DF1,XSL2-DF0}={1,0} setting of DSP_XSL_FMT_RG register)
1 1 0 0 0 0 0 0 XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
23 22 21 20 19 18 17 16
Bit-31  Bit-30  Bit-29  bit28  bit27  bit-26  bit-25  bit24  bit23  Bit-22  bit21 _ bit20  bit19  Bit-18  bit-17  Bit-16
XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit-15  Bit-14  Bit-13  bit12  bit11  bit-10 bit-9 Bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
XSL-2 Write Command
(30-bit XSL data format, which corresponds to {XSL2-DF1,XSL2-DF0}={1,1} setting of DSP_XSL_FMT_RG register)
1 1 XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit-31  Bit-30  Bit-29  bit28  bit27  bit-26  bit-25  bit24  bit23  Bit-22  bit-21 _ bit20  bit19  Bit-18  bit-17  Bit-16
XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL- | XSL-
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit-15  bit14  Bit-13  bit12  bit11  bit-10 bit-9 bit-8 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

XSL timing and data formats

XSL-1 and XSL-2 provide active low frame synchronization outputs (XSL7-FSYNC and XSL2-FSYNC),
which are used to identify transmission over XSL-1 and XSL-2 correspondingly. XSL71-FSYNC and XSL2-
FSYNC outputs are set active during transmission of al data bits for XSL-1 and XSL-2 correspondingly.
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Polarity of XSL-CLK output can be programmed to either positive or negative polarity via XSL-CLK_POL bit
of DSP_XSL_FMT_RG register (table 2-16), whereas the framing feature of XSL-CLK output is programmed
either to continuous or framed via XSL-CLK_FRM bit of DSP_XSL_FMT_RG register (refer to table 2-16

and fig.2-10).

CAUTION

In case the framing feature for XSL-CLK is enabled, then XSL-CLK output defaults to the
logical ‘0" value outside of active XSL1-FSYNC and XSL2-FSYNC frame synchronization
outputs.

Data formats for XSL-1 and XSL-2 external output serial links (data bit length of output XSL data frame) can
be configured separately for XSL-1 and XSL-2 to either 8 bits, or 16 bits, or 24 bits, or 30 bits via { XSL1-
DF1,XSL1-DF0} and { XSL2-DF1,XSL2-DF0} bits correspondingly of DSP_XSL FMT_RG register (table
2-16). Figure 2-11 presents XSL timing diagrams for different XSL data formats and continuous serial clock
with positive polarity.
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XSL-CLK

XSLx-FSYNC

XSL-DATA

XSL-CLK

XSLx-FSYNC

XSL-DATA

XSL-CLK

XSLx-FSYNC

XSL-DATA

XSL-CLK

XSLx-FSYNC

XSL-DATA

A) Continuous XSL serial clock with positive polarity
(XSL-CLK_POL=0, XSL-CLK_FRM=0, {XSLx_DF1, XSLx_DF0}={0,0})

J'U'Ll'IJ'I_l'I_l'I_l'IJ'LI'IJ'LI'LI'U'IJ'IJ'LI'LI'IJ'IJ'IJ_L
] |

B) Continuous XSL serial clock with negative polarity
(XSL-CLK_POL=1, XSL-CLK_FRM=0, {XSLx_DF1, XSLx_DF0}={0,0}).

1 I
0SB EEEE S S S

C) Framed XSL serial clock with positive polarity
(XSL-CLK_POL=0, XSL-CLK_FRM=1, {XSLx_DF1, XSLx_DF0}={0,0}).

n |
0 S 00 EE S S S S

D) Framed XSL serial clock with negative polarity
(XSL-CLK_POL=1, XSL-CLK_FRM=1. {XSLx_DF1, XSLx_DF0}={0,0}).

Fig. 2-10. Polarity and framing of XSL serial clock.
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XSL-FSYNC I |

| |
| )

A) 8-bit output XSL-DATA format
(XSL-CLK_POL=1, XSL-CLK_FRM=0, {XSLx_DF1, XSLx_DF0}={0,0})

i

—

XSL-FSYNC -l
|

16 bits

| |
| |

B) 16-bit output XSL-DATA format
(XSL-CLK_POL=1, XSL-CLK_FRM=0, {XSLx_DF1, XSLx_DF0}={0,1})

XSL-FSYNC

24 bits

le
¢
XSL-DATA m
|
C) 24-bit output XSL-DATA format
(XSL-CLK_POL=1, XSL-CLK_FRM=0, {XSLx_DF1, XSLx_DF0}={1,0})

XSL-FSYNC

30 bits

XSL-DATA

N|
) S
|

D) 24-bit output XSL-DATA format
(XSL-CLK_POL=1, XSL-CLK_FRM=0, {XSLx_DF1, XSLx_DF0}={1,1})

o 1

Fig. 2-11. XSL transmission for different data formats.

PHDAC phone DAC

TORNADO-PX/DDC4 DCM provides on-board 16-bit 300ksps audio quality DAC with bipolar output for
connection to either external phones (PHDAC) or general purpose anal og output.

PHDAC analog output can be set by transmission of 16-bit PHDAC data word via DSP on-chip McBSP-2 port.
In order to transmit 16-bit data word for PHDAC via transmitter of DSP on-chip McBSP-2 port, the on-board
DSP software must load McBSP-2 DXR1 transmitter data register at address 0033H.
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PHDAC Write Data Word

DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC- | DAC-
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
bit15  bit14  Bit13  bit12  Biti1  biti0  Bit9  bit8  bit7  bit6  bits  bitd  bit3 btz  bit1  bit0
CAUTION

PHDAC feature bipolar analog output with 16-bit complement coding, i.e. 000H value
corresponds to 0 VVDC output voltage, whereas 7FFFH value corresponds to maximum

positive output voltage and 8000H val ue corresponds to minimum negative output voltage

CAUTION

3.3 uS or greater in order to meet settling time specification for PHDAC.

The time period between succeeding transmissions of 16-bit data words to PHDAC must be

2.5 Host PIOX-16 Interface

Host 16-bit PIOX-16 interface of TORNADO-PX/DDC4 DCM provides access from host TORNADO DSP
system/controller to on-board DRPAM and DSP on-chip HPI port, and controls operation of on-board DSP via
a set of control registers. On-board JP1 connector of TORNADO-PX/DDC4 DCM (fig.A-1) is used to install

into PIOX-16 site of host TORNADO DSP system/controller.

CAUTION

mode only, i.e. for HOST/NO-BMODE, HOST/FLASH8-BMODE and HOST/HPI-

stand-alone operation mode, i.e. for SA/NO-BMODE and SA/FLASH8-BMODE DSP
bootmodes.

BMODE DSP bootmodes (refer to table 2-1 for more details), and is switched off during

Host PIOX-16 interface of TORNADO-PX/DDC4 DCM is enabled during host operation

host PIOX-16 interface address map

Host PIOX-16 interface address map for of TORNADO-PX/DDC4 DCM comprises of control register area,
DSP HPI port area, DPRAM area, and DPSEM area. Table 2-20 specifies details about host PIOX-16 interface

address map.
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Table 2-20. Host PIOX-16 interface address map.

address area value on access address range
PIOX-16 reset mode (in 16-bit data words)
condition
Control Register area: OH r/w BA+0000H
HOST_CNTR1_RG registers (DSP is in RESET state) (bits DO..D3 only)
(DSP reset control)
Control Register area: OH riw BA+0001H
HOST_CNTR2_RG register (HOST/NO-BMODE (bits DO..D3 only)
(DSP bootmode control and HPI/DPRAM timeout bootmode,
control enable) DPRAM/HPI error
control disabled)

Control Register area: OH riw BA+0010H
HOST_IE_RG register (interrupts are disabled) (bits DO..D3 only)
(interrupt enable)
Control Register area: - r BA+0011H
HOST_IS_RG register (bits DO..D3 only)
(interrupt status)
Control Register area: OH riw BA+0012H
HOST_HIRQ_SEL_RG register (no PIOX-16 interrupt (bits DO..D3 only)
(PIOX-16 interrupt line selector) request)
Control Register area: - w BA+0020H
HOST_CLR_HPI_TMOUT_ERR_RG register (written data is ignored)
(clear HPI timeout error)
Control Register area: - w BA+0021H
HOST_CLR_DPRAM_TMOUT_ERR_RG register (written data is ignored)
(clear DPRAM timeout error)
HPI area: O00H riw BA+0060H
HOST_HPIC_RG_LSB register (bits D0..D7 only)
(HPIC LSB)
(refer to TMS320C54x DSP documentation for
more details)
HPI area: - riw BA+0061H
HOST_HPIC_RG_MSB register (bits D0..D7 only)
(HPIC MSB)
(refer to TMS320C54x DSP documentation for
more details)
HPI area: - riw BA+0062H

HOST_HPID_AINC_RG_LSB register

(LSB of HPI data register with address
postincrement)

(refer to TMS320C54x DSP documentation for
more details)

(bits DO..D7 only)

User’s Guide.
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HPI area: - riw BA+0063H
HOST_HPID_AINC_RG_MSB register (bits DO..D7 only)
(MSB of HPI data register with address
postincrement)

(refer to TMS320C54x DSP documentation for
more details)

HPI area: - riw BA+0064H
HOST_HPIA_RG_LSB register (bits D0..D7 only)
(HPIA LSB)

(refer to TMS320C54x DSP documentation for
more details)

HPI area: - riw BA+0065H
HOST_HPIA_RG_MSB register (bits DO..D7 only)
(HPIA MSB)

(refer to TMS320C54x DSP documentation for
more details)

HPI area: - riw BA+0066H
HOST_HPID_RG_LSB register (bits DO..D7 only)
(LSB of HPI data register)

(refer to TMS320C54x DSP documentation for
more details)

HPI area: - riw BA+0067H
HOST_HPID_RG_MSB register (bits D0..D7 only)
(MSB of HPI data register)

(refer to TMS320C54x DSP documentation for
more details)

DPSEM area - riw BA+0070H...BA+0077H
(dual-port semaphores) (bit DO only)
DPRAM area - riw BA+8000H...BA+FFFFH

(dual-port memory)

DPRAM area: - riw BA+FFFFH
HOST_DPRAM_HM_RQ
(Host-to-DSP interrupt request via DPRAM)

DPRAM area: - r/w BA+FFFEH
HOST_DPRAM_MH_RQ
(DSP-to-Host interrupt request via DPRAM)

Notes: 1. Access modes: r - read only, w - write only, r/w - read/write.
2. ‘BA’ denotes base address for host PIOX-16 interface within the address map of DSP of
host TORNADO DSP system/controller.
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CAUTION

DSP software of host TORNADO DSP system/controller must access different address areas
of host PIOX-16 interface of TORNADO-PX/DDC4 DCM at the PIOX-16 interface base
address, which is specific for particular TORNADO DSP system/controller
(refer to documentation for your TORNADO DSP system/control for more details about
addressing PIOX-16 interface area).

CAUTION
When accessing Control Register area of host PIOX-16 interface from host TORNADO DSP
system/controller, only data bits DO..D3 are valid.

When accessing HPI area of host PIOX-16 interface from host TORNADO DSP
system/controller, only data bits DO..D7 are valid.

When accessing DPSEM area of host PIOX-16 interface from host TORNADO DSP
system/controller, only data bit DO is valid with bits D1..D15 being extension of DO bit value.

When accessing DPRAM area of host PIOX-16 interface from host TORNADO DSP
system/controller, all DO..D15 data bits are valid.

CAUTION

Reset signal for on-board PIOX-16 interface of host TORNADO DSP system/controller must
be set to inactive state prior communication with TORNADO-PX/DDC4 DCM.

HOST_CNTR1_RG register for DSP reset control

TORNADO-PX/DDC4 on-board DSP reset control in host operation mode is performed via
HOST_CNTR1_RG register of host PIOX-16 interface. Note, that when accessing HOST_CNTR1_RG
register, only data bits DO..D3 are valid.

HOST_CNTR1_RG register (r/w)

X 0 0 0 M_GO
(r'w, 0+)

bits 15..4 bit-3 bit-2 bit-1 bit-0
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Table 2-21 describes details about HOST _CNTR1_RG register bits.

Table 2-21. Register bits of HOST_CNTR1_RG register.

Register bits access value on host Description
or bit fields mode PIOX-16
interface reset

M_GO riw 0 Controls reset signal for on-board DSP in host operation mode.

M_GO=0 corresponds to the RESET state of on-board DSP, i.e.
active reset signal is applied to the on-board DSP.

M_GO=1 corresponds to the RUN state of on-board DSP, i.e. no
active reset signal is applied to the on-board DSP and DSP is
executing application program.

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

HOST_CNTR2_RG register for DSP bootmode and DPRAM/HPI timeout enable control

HOST_CNTR2_RG register of host PIOX-16 interface must be used in order to set the DSP bootmode in host
operation mode (refer to section “DSP Environment” earlier in this chapter and table 2-1) and to enable timeout
control for host-to-HPI and host-to-DPRAM accesses host PIOX-16 interface. Note, that when accessing
HOST _CNTR2_RG register, only data bits D0O..D3 are valid.

HOST_CNTR2_RG register (r/w)

X HPI_TMOUT_EN | DPRAM_TMOUT_EN BMODE-1 BMODE-0
(r'w, 0+) (r'w, 0+) (r'w, 0+) (r'w, 0+)

bits 15..4 bit-3 bit-2 bit-1 bit-0

Table 2-22 describes details about HOST _CNTR2_RG register bits.
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Table 2-22. Register bits of HOST_CNTR2_RG register.

register bits access value on host Description
or bit fields mode PIOX-16
interface reset
{BMODE-1, BMODE-0} Riw {0,0} Defines bootmode for on-board DSP in host operation mode.

Refer to table 2-1 for more details. Note, that bits {BMODE-1,
BMODE-0} can be updated by host DSP software only during
DSP is in the RESET state, i.e. when bit M_GO of
HOST_CNTR1_RG register of host PIOX-16 interface is set
to M_GO=0 state (refer to table 2-20).

{BMODE-1, BMODE-0}={0,0} corresponds to HOST/NO-
BMODE microprocessor (MP) start-up mode for on-board
DSP without boot process. DSP reset is controlled by M_GO
bit of HOST_CNTR1_RG register of host PIOX-16 interface.
This mode is set as default on host PIOX-16 interface reset
condition.

{BMODE-1, BMODE-0}={0,1} corresponds to HOST/FLASHS-
BMODE microcontroller (MC) start-up mode for on-board
DSP with boot from on-board 8-bit FLASH memory. DSP
reset is controlled by M_GO bit of HOST_CNTR1_RG
register of host PIOX-16 interface.

{BMODE-1, BMODE-0}={1,0} corresponds to HOST/HPI-
BMODE microcontroller (MC) start-up mode for on-board
DSP with boot via DSP on-chip HPI port. DSP reset is
controlled by M_GO bit of HOST_CNTR1_RG register of host
PIOX-16 interface.

{BMODE-1, BMODE-0}={1,1} is reserved and shall not be
used for definition of bootmode for on-board DSP.
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DPRAM_TMOUT_EN

r/'w

Timeout enable for host-to-DPRAM access via host PIOX-16
interface.

DPRAM_TMOUT_EN=0 corresponds to disabled timeout
control for host-to-DPRAM accesses. In case any DPRAM
access collision occurs with continuous missing DPRAM
ready signal, then host PIOX-16 interface access cycle will
remain active until DPRAM ready signal comes active. Active
host-to-DPRAM access cycle can be aborted only by applying
reset signal for DSP of host TORNADO DSP
system/controller.

DPRAM_TMOUT_EN=0 corresponds to enabled timeout
control for host-to-DPRAM access. In case any DPRAM
access collision occurs with missing DPRAM ready signal,
then host PIOX-16 interface access cycle will remain active
either until DPRAM ready signal comes active or until timeout
expires, whichever comes first, and there is no need to apply
reset signal to DSP of host TORNADO DSP system/controller
in order to terminate pending host-to-DPRAM access cycle. In
case the DPRAM access timeout event will take place, then
the DPRAM_TMOUT_ERR bit of HOST_IS_RG will be set
and host PIOX-16 interrupt can be generated. Timeout period
for host-to-DPRAM access is set to 320 ns.

HPI_TMOUT_EN

r/w

Timeout enable for host-to-HPI access via host PIOX-16
interface.

HPI_TMOUT_EN=0 corresponds to disabled timeout control
for host-to-HPI accesses. In case any HPI access collision
occurs with continuous missing HPI ready signal (for example
on-board DSP will execute IDLE 3 instruction), then host
PIOX-16 interface access cycle will remain active until DSP
HPI ready signal comes active. Active host-to-HPI access
cycle can be aborted only by applying reset signal for DSP of
host TORNADO DSP system/controller.

HPI_TMOUT_EN=0 corresponds to enabled timeout control
for host-to-HPI access. In case any HPI access collision
occurs with missing HPI ready signal, then host PIOX-16
interface access cycle will remain active either until DSP HPI
ready signal comes active or until timeout expires, whichever
comes first, and there is no need to apply reset signal to DSP
of host TORNADO DSP system/controller in order to
terminate pending host-to-DPRAM access cycle. In case the
DSP HPI access timeout event will take place, then the
HPI_TMOUT_ERR bit of HOST_IS_RG will be set and host
P1OX-16 interrupt can be generated. Timeout period for host-
to-HPI access is set to 320 ns.

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

DSP bootmode in host operation mode is defined by bits { BMODE-1, BMODE-0} of HOST _CNTR2_RG
register (refer to section “DSP Environment” earlier in this chapter and table 2-1), whereas timeout control for
host-to-DPRAM and host-to-HPI is enabled via hits DPRAM_TMOUT _EN and

HPI_TMOUT_EN correspondingly.

access cycles
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CAUTION

Note, that bits{ BMODE-1, BMODE-0} of HOST _CNTR1_RG register can be updated by
host DSP software only during DSP isin the RESET state, i.e. when bit M_GO of
HOST_CNTR1_RG register of host PIOX-16 interface is set to M_GO=0 state (refer to
table 2-20).

Timeout control for host-to-DPRAM and host-to-HPI access cycles of host PIOX-16 interface of TORNADO-
PX/DDC4 DCM délivers reliable and self-diagnostic operation of host DSP software of host TORNADO DSP
system/controller. In case the timeout feature is enabled, then the pending host-to-DPRAM or host-to-HPI
access cycle can be automatically terminated by on-board hardware and the corresponding either
DPRAM_TMOUT_ERR or HPI_TMOUT_ERR timeout error flag will be set in case of any exception or
misoperation condition within TORNADO-PX/DDC4 on-board DSP environment.

CAUTION

DPRAM_TMOUT_ERR and HPI_TMOUT_ERR timeout error flags are available for
software polling via HOST_IS_RG register of host PIOX-16 interface, and can generate
interrupt request to DSP of host TORNADO DSP system/controller via host PIOX-16
interface in case the corresponding interrupt enable bit is set in HOST_IE_RG register (refer
to table 2-23) and host PIOX-16 interrupt request line is selected viaHOST_HIRQ_SEL RG
register (refer to table 2-25).

Once DPRAM_TMOUT_ERR or HPI_TMOUT_ERR flag has been set, it remainsin active
state until it will be cleared by host TORNADO DSP system/controller by means of writing to
HOST_CLR_DPRAM_TMOUT_ERR_RG and HOST_CLR_HPI_TMOUT_ERR_RG
registers correspondingly of host PIOX-16 interface.

Figure 2-12 demonstrates operation of timeout controller for host-to-DPRAM and host-to-HPI access cycles of
host PIOX-16 interface of TORNADO-PX/DDC4 DCM.

(read/write to DPRAM)

PIOX16_READY

DPRAM_TMOUT._ERR bit
of HOST_IS"RG

PIOX16_STROBE \
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|

register X

Fig.2-12a. Timeout control for host-to-DPRAM access cycle of host PIOX-16 interface.
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(write to HPI)

PIOX16_READY

HPI_TMOUT_ERR bit
of HOST_IS_RG
register

|
}
PIOX16_STROBE \
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Fig.2-12b. Timeout control for host-to-HPI access cycle of host PIOX-16 interface.

HOST_CLR_DPRAM_TMOUT_ERR_RG and HOST_CLR_HPI_TMOUT_ERR_RG registers for
resetting timeout errors for host-to-DPRAM and host-to-HPI accesses

HOST_CLR_DPRAM_ERR_RG and HOST_CLR_HPI_TMOUT_ERR_RG write-only registers of host
PIOX-16 interface shall be used in order to reset DPRAM_TMOUT _ERR and HPI_TMOUT_ERR timeout
error flags correspondingly. Note, that when writing to HOST_CLR_DPRAM_ERR_RG and
HOST_CLR_HPI_TMOUT_ERR_RG write-only registers, written data is ignored.

HOST_CLR_DPRAM_TMOUT_ERR_RG register (w)

X X X X X

bits 15..4 bit-3 bit-2 bit-1 bit-0

HOST_CLR_HPI_TMOUT_ERR_RG register (w)

X X X X X

bits 15..4 bit-3 bit-2 bit-1 bit-0

host PIOX-16 interrupt control

Host PIOX-16 interface of TORNADO-PX/DDC4 DCM can generate active interrupt request to DSP of host
TORNADO DSP system/controller from the following interrupt sources:
»  TORNADO-PX/DDC4 on-board DSP writesto DSP_DPRAM_MH_RQ DPRAM memory location
(refer to section “DSP Environment” earlier in this chapter for more details)
»  TORNADO-PX/DDC4 on-board DSP sets host request via DSP on-chip HPI port. i.e. on-board DSP
sets HINT bit of HPIC register (refer to section “DSP Environment” earlier in this chapter and original
Tl TMS320C54x documentation for more details)
» timeout condition occurs for host-to-DPRAM access via host PIOX-16 interface
» timeout condition occurs for host-to-HPI access via host PIOX-16 interface.
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Each of the above interrupt sources is available for software polling via HOST_IS_RG (table 2-24) host
interrupt status register and can be enabled to generate host PIOX-16 interrupt request via HOST_IE_RG (table
2-23) interrupt enable register.

CAUTION

Host PIOX-16 interrupt request is generated as logical OR of
enabled interrupt request sources.

TORNADO-PX/DDC4 DCM allows software selection of particular host PIOX-16 interrupt request line, which
will be used to generate interrupt request to DSP of host TORNADO DSP system/controller via host PIOX-16
interface. Selection of particular host interrupt request line is performed via HOST _HIRQ SEL RG host
interrupt line selection register (table 2-25).

HOST_IE_RG host interrupt source enable register

HOST_IE_RG register of host PIOX-16 interface must be used to set interrupt enable masks for different host
PIOX-16 interrupt request sources. Note, that when accessing HOST _IE_RG register, only data bits DO..D3 are
valid.

HOST_IE_RG register (r/w)

X HPI_TMOUT_ERR_IE DPRAM_TMOUT_ERR_IE HINT_IE HOST_DPRAM_IRQ_IE
(r/w, 0+) (r'w, 0+) (r/w, 0+) (r’'w, 0+)
Bits 15..4 bit-3 Bit-2 bit-1 bit-0

Table 2-23 describes details about HOST _IE_RG register bits.
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Table 2-23. Register bits of HOST_IE_RG register.

register bits
or bit fields

access
mode

value on host
PIOX-16
interface reset

Description

HOST_DPRAM_IRQ_IE

r/w

Enable mask for host PIOX-16 interrupt request on
DSP write to DSP_PRAM_MH_RQ DPRAM address
event (refer to section “DSP Environment” earlier in this
chapter for more details).

HOST_DPRAM_IRQ_IE =0 corresponds to disabled
host PIOX-16 interrupt request on DSP writes to
DSP_PRAM_MH_RQ memory address of DPRAM.

HOST_DPRAM_IRQ_IE =1 enables host PIOX-16
interrupt request on DSP write to DSP_PRAM_MH_RQ
memory address of DPRAM.

HINT_IE

r/w

Enable mask for host PIOX-16 interrupt request on
active DSP-to-Host interrupt request via DSP onOchip
HPI port (refer to original TI TMS320C54x
documentation for more details).

HINT_IE=0 corresponds to disabled host PIOX-16
interrupt request on DSP-to-Host interrupt request via
DSP on-chip HPI port.

HINT_IE=1 enables host PIOX-16 interrupt request on
DSP-to-Host interrupt request via DSP on-chip HPI
port.

DPRAM_TMOUT _ERR_IE

ri'w

Enable mask for host PIOX-16 interrupt request on
timeout condition for host-to-DPRAM access via host
PIOX-16 interface.

DPRAM_TMOUT_ERR_IE=0 corresponds to disabled
host PIOX-16 interrupt request on timeout condition for
host-to-DPRAM access via host PIOX-16 interface.

DPRAM_TMOUT_ERR_IE=1 enables host PIOX-16
interrupt request on timeout condition for host-to-
DPRAM access via host PIOX-16 interface.

HPI_TMOUT ERR_IE

riw

Enable mask for host PIOX-16 interrupt request on
timeout condition for host-to-HPI access via host PIOX-
16 interface.

HPI_TMOUT_ERR_IE=0 corresponds to disabled host
PIOX-16 interrupt request on timeout condition for host-
to-HPI access via host PIOX-16 interface.

HPI_TMOUT_ERR_IE=1 enables host PIOX-16
interrupt request on timeout condition for host-to-HPI
access via host PIOX-16 interface.

Note: 1. Access modes: r/w — read/write; r — read-only; w — write only.
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HOST_IS_RG host interrupt source status register

HOST_IS_RG read-only register of host PIOX-16 interface must be used for software polling of host interrupt
request sources for host PIOX-16 interrupt request. Note, that when reading HOST_IS_RG register, only data
bits DO..D3 are valid.

HOST_IS_RG register (r)

X HPI_TMOUT _ERR DPRAM_TMOUT _ERR HINT HOST_DPRAM_IRQ
(r,0+) (r,0+) (r,0+) (r)
bits 15..4 bit-3 Bit-2 bit-1 bit-0

Table 2-24 describes details about HOST_IS_RG register bits.
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Table 2-24. Register bits of HOST_IS_RG register.

Register bits
or bit fields

access
mode

value on host
PIOX-16
interface reset

description

HOST_DPRAM_IRQ

Indicates current status of DSP-to-Host interrupt
request via DPRAM (refer to section “DSP
Environment” earlier in this chapter for more details).

HOST_DPRAM_IRQ=0 corresponds to no DSP-to-Host
interrupt request via DPRAM.

HOST_DPRAM_IRQ=1 corresponds to active DSP-to-
Host interrupt request via DPRAM, , which is set when
on-board DSP writes to DSP_DPRAM_MH_RQ
DPRAM location. Host PIOX-16 interface must read
from HOST_DPRAM_MH_RQ DPRAM location order
to clear HOST_DPRAM_IRQ flag.

HINT

Indicates current status of DSP-to-Host interrupt
request via DSP on-chip HPI port (refer to original Tl
TMS320C54x documentation for more details).

HINT=0 corresponds to no active DSP-to-Host interrupt
request via DSP on-chip HPI port.

HINT=1 corresponds to active DSP-to-Host interrupt
request via DSP on-chip HPI port.

DPRAM_TMOUT_ERR

Indicates current status of timeout error for host-to-
DPRAM access via host PIOX-16 interface.

DPRAM_TMOUT_ERR=0 corresponds to that there
was no timeout event detected for host-to-DPRAM
access cycles via host PIOX-16 interface.

DPRAM_TMOUT_ERR=1 corresponds to that there
was the timeout event detected for host-to-DPRAM
access cycles via host PIOX-16 interface.

HPI_TMOUT _ERR

Indicates current status of timeout error for host-to-HPI
access via host PIOX-16 interface.

HPI_TMOUT_ERR=0 corresponds to that there was no
timeout event detected for host-to-HPI access via host
PIOX-16 interface.

HPI_TMOUT_ERR=1 corresponds to that there was no
timeout event detected for host-to-HPI access via host
PIOX-16 interface.

Note: 1. Access modes: r/w — read/write; r — read-only; w — write only.
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HOST_HIRQ_SEL_RG host PIOX-16 interface interrupt request line selector

HOST_HIRQ_SEL RG register of host PIOX-16 interface must be used to enable and select a particular
interrupt request input of PIOX-16 interface of host TORNADQO DSP system/controller, which will be used to
set interrupt request from PIOX-16 interface of TORNADO-PX/DDC4 DCM to host TORNADO DSP
system/controller. Note, that when accessing HOST_HIRQ_SEL_RG register, only data bits DO..D3 are valid.

HOST_HIRQ_SEL_RG register (r/w)

X HIRQ_EN 0 HIRQ_SEL-1 HIRQ_SEL-0
(r'w, 0+) (r'w, 0+) (r’'w, 0+)

Bits 15..4 bit-3 Bit-2 bit-1 bit-0

Table 2-25 describes details about HOST_HIRQ_SEL_RG register hits.
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Table 2-25. Register bits of HOST_HIRQ_SEL _RG register.

register bits access value on host description
or bit fields mode PIOX-16
interface reset

HIRQ_EN riw 0 Enable mask for selection of host PIOX-16 interrupt
request line.

HIRQ_EN=0 disables selection of interrupt request line
of PIOX-16 interface for setting interrupt request from
host PIOX-16 interface of TORNADO-PX/DDC4 DCM
to host TORNADO DSP system/controller.

HIRQ_EN=1 enables selection of interrupt request line
of PIOX-16 interface for setting interrupt request from
host PIOX-16 interface of TORNADO-PX/DDC4 DCM
to host TORNADO DSP system/controller. Selection of
particular interrupt request line is performed via bits
{HIRQ-1, HIRQ-0} of HOST_HIRQ_SEL_RG register.

{HIRQ-1, HIRQ-0} riw {0,0} This bit field defines which particular interrupt request
line of PIOX-16 interface will be used to set interrupt
request from host PIOX-16 interface of TORNADO-
PX/DDC4 DCM to host TORNADO DSP
system/controller. Refer to Appendix B and your
TORNADO DSP system/controller user’s guide for
more details.

{HIRQ-1, HIRQ-0}={0,0} corresponds to the IRQ-0
interrupt request line of PIOX-16 interface being
selected to set interrupt request to host TORNADO
DSP system/controller.

{HIRQ-1, HIRQ-0}={0,1} corresponds to the IRQ-1
interrupt request line of PIOX-16 interface being
selected to set interrupt request to host TORNADO
DSP system/controller.

{HIRQ-1, HIRQ-0}={1,0} corresponds to the IRQ-2
interrupt request line of PIOX-16 interface being
selected to set interrupt request to host TORNADO
DSP system/controller.

{HIRQ-1, HIRQ-0}={1,1} is reserved and is not
recommended for usage. No interrupt request line
selected to set interrupt request to host TORNADO
DSP system/controller.

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

HPI area

HPI area of TORNADO-PX/DDC4 host PIOX-16 interface comprises of a set of 8-bit HPI port registers for
TMS320C54x DSP:
e LSB/MSB of HPI control register (HPIC)
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e LSB/MSB of HPI addressregister (HPIA)
e LSB/MSB of HPI dataregister (HPID)
» LSB/MSB of HPI dataregister with address postincrement feature (HPID_AINC).

DSP on-chip HPI port alows access from host PIOX-16 interface of TORNADO-PX/DDC4 DCM to DSP on-
chip memory and memory-mapped registers, and allows to |load DSP application code directly to DSP onOchip
memory. However, since DSP on-chip HPI port is 8-bit only, access to each 16-bit data word will require two
access cycle via host PIOX-16 interface and, therefore, is Slower than using DPRAM area. Moreover, DSP on-
chip HPI port is not good for random accesses (access to DSP on-chip memory cell, which address differs from
that for the previous access and is not the next to the previously accessed address), since each random access
requires four cyclesin order to load address and read/write data word.

CAUTION

TORNADO-PX/DDC4 DCM has been designed with the HPI8 mode for on-board
TMS320V C5410 and TMS320V C5416 DSP.

Figure 2-13 shows DSP HPI port memory map for TORNADO-PX/DDC4 onOboard TMS320VC5410 and
TMS320V C5416 DSP.

000 0000

Reserved
000 005F
000 0060

Scratch-pad
RAM

000 007F
000 0080

DARAM
000 1FFF
000 2000

SARAM1
000 7FFF
000 8000

Reserved
001 7FFF
001 8000

SARAM2
001 FFFF

Fig.2-13a. DSP HPI port memory map for TMS320VC5410 DSP.
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000 0000

Reserved
000 005F
000 0060

Scratch-pad
RAM

000 007F
000 0080

DARAM
000 1FFF
000 2000

SARAM1
000 7FFF
000 8000

Reserved
001 7FFF
001 8000

SARAM2
001 FFFF
00020000

Reserved
002 7FFF
002 8000

SARAM3
002 FFFF
003 0000

Reserved
003 7FFF
003 8000

SARAM4
003 FFFF
004 0000

Reserved
07F FFFF

Fig.2-13b. DSP HPI port memory map for TMS320VC5416 DSP.

For more information about TMS320C54x DSP on-chip HPI port refer to original Tl documentation for
TMS320C54x DSP.

DPRAM area

32Kx16 DPRAM area of TORNADO-PX/DDC4 host PIOX-16 interface (refer to table 2-20) can be used for
both to store DSP program code and for communication between the on-board DSP and host DSP of host
TORNADO DSP system/controller via host PIOX-16 interface. DPRAM can be accessed by both on-board
DSP and host PIOX-16 interface.
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CAUTION

Instead of communication between on-board DSP and host PIOX-16 interface via DSP on-
chip HPI port (HPI area of host PIOX-16 interface address map), on-board DPRAM delivers
fast random access to 16-bit memory location from host TORNADO DSP system/controller

without need to write and store address of the memory location prior accessing the contents of
this memory location.

Host-to-DPRAM access is performed 4 times faster than that via the DSP on-chip HPI port in
case random DPRAM locations are being accessed, and is performed 2 times faster in case
autoincremented addressing or preset DPRAM location are being accessed.

Access to DPRAM feature no arbitration delays for DSP and host PIOX-16 interface unless both on-board DSP
and host PIOX-16 interface are addressing the same DPRAM memory location. In the latter case there is no
arbitration preferences, and the first active accessing port will proceed without any arbitration delays, whereas
the other port will be pending until the first port will finish the access cycle.

DPRAM area of host PIOX-16 interface has two specific memory locations, which are known as
HOST_DPRAM_HM_RQ and HOST_DPRAM_MH_RQ. These DPRAM locations match
DSP_DPRAM_HM_RQ and DSP_DPRAM_MH_RQ DPRAM locations from on-board DSP environment
(refer to section “DSP Environment” earlier in this chapter). These DPRAM locations provide Host-to-DSP and
DSP-to-Host interrupt generation along with standard common memory functionality. Refer to the
corresponding subsection below for more details.

Generating Host-to-DSP and DSP-to-Host Interrupt Requests via DPRAM

DPRAM area of host PIOX-16 interface has two specific memory locations, which are called as
HOST_DPRAM_HM_RQ and HOST_DPRAM_MH_RQ and provide Host-to-DSP and DSP-to-Host
interrupt generation along with standard common memory functionality. These DPRAM locations match
DSP_DPRAM_HM_RQ and DSP_DPRAM_MH_RQ memory locations from on-board DSP environment
(refer to section “DSP Environment” earlier in this chapter).

HOST_DPRAM_HM_RQ and HOST_DPRAM_MH_RQ DSPRAM memory locations are allocated at the
DPRAM addresses in accordance with table 2-20 and are the useful tool for communication between host DSP
of host TORNADO DSP system/controller and TORNADO-PX/DDC4 on-board DSP using interrupt request
method combined with the 16-bit interrupt request code, which might be simultaneously passed via these
DPRAM memory cells.
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CAUTION

When host DSP of host TORNADO DSP system/controller writes to the
HOST_DPRAM_HM_RQ DPRAM location via host PIOX-16 interface (refer to section
“Host PIOX-16 Interface later in this chapter), then active DSP_DPRAM_IRQ interrupt

request is generated to the DSP environment and on-board DSP can read data written by host

viaDSP_DPRAM_HM_RQ DPRAM location of on-board DSP environment. This interrupt

request remains active until DSP will read contents of this DPRAM memory location. Writing

to DSP_DPRAM_HM_RQ DPRAM location from the DSP side does not effect the state of
DSP_DPRAM_IRQ interrupt request.

The DSP_DPRAM_IRQ interrupt request can generate active DSP interrupt request in case it
is routed via the corresponding interrupt request selector to any of DSP external interrupt
requests or DSP NMI. Refer to the corresponding subsection later in this section for more

details about external DSP interrupt generation.

CAUTION

When DSP writes to the DSP_DPRAM_MH_RQ address, then active HOST_DPRAM_IRQ
interrupt request is generated to host TORNADO DSP system/controller via host PIOX-16
interface and host TORNADO DSP system/controller can read data written by DSP via
HOST_DPRAM_HM_RQ DPRAM location of host PIOX-16 interface. This interrupt
request remains active until host DSP of host TORNADO DSP system/controller will read
contents of this DPRAM memory location. Writing to HOST_DPRAM_HM_RQ DPRAM
location from host TORNADO DSP system/controller side does not effect the state of
HOST_DPRAM_IRQ interrupt request.

HOST_DPRAM_IRQ interrupt request can generate active interrupt request to host
TORNADO DSP system/controller via host PIOX-16 interface in caseit is enabled viathe
HOST _IE_RG interrupt enable register and particular host interrupt request line is selected
viaHOST_HIRQ_SEL RG interrupt line selector register. Refer to section “Host PIOX-16
Interface” later in this chapter for more details.

DPSEM area

TORNADO-PX/DDC4 host PIOX-16 interface provides on-board dual-port hardware semaphores (DPSEM)

area, which is accessible by both on-board DSP and host DSP of host TORNADO DSP system/controller via
PIOX-16 interface.

Hardware semaphores are extremely useful tool for synchronization of access to any shared resources (DPRAM,
HPI port memory locations, etc) and setting synchro-events between DSP and host PIOX-16 interface. DPSEM
area comprises of eight dual-port semaphores, which appear as eight address locations within host PIOX-16
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interface address map (table 2-20).. Access to DPSEM area is performed without any arbitration delays on both
DSP and host PIOX-16 interface sides.

Each semaphore occupies least significant bit DO only within 16-bit data word with bits D1..D15 being an
extended copy of bit DO. Semaphore has only two valid states: ‘0’ and ‘1’. The semaphore logic is active low,
and the ‘0’ state is called as ‘open state’ of semaphore (semaphore token), whereas the ‘1’ state is called as
‘closed state’ of semaphore. Hardware semaphore logic guarantees that both ports will never get enable state (or
semaphore token) simultaneoudly.

Table 2-4 in section “DSP Environment” earlier in this chapter provides example of sample procurement
seguence for dual-port semaphores.

2.6 Emulation Tools for TORNADO-PX/DDC4

TORNADO-PX/DDC4 uses scan-path emulation technique for the on-board TMS320C54x DSP in order to
debug on-board TM S320C54x DSP environment and software.

Compatible scan-path emulation tools include TI XDS510 or MicroLAB' MIRAGE-510DX universa
JTAG/MPSD emulators with JTAG pod, which must connect to JP3 JTAG-IN connector on TORNADO-
PX/DDC4 mainboard.
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Chapter 3. Installation and Configuration

This chapter includes instructions for installation of TORNADO-PX/DDC4 DCM.

3.1 Installation onto TORNADO DSP System/Controller
Mainboard

In case TORNADO-PX/DDC4 DCM is considered to be used in host operation mode, then TORNADO-
PX/DDC4 DCM must be installed as standard PIOX-16 DCM onto host TORNADO DSP system/controller
mainboard.

For ingtallation of TORNADO-PX/DDC4 DCM into PIOX-16 site of TORNADO DSP system/controller
follow the recommendations bel ow:

1. Switch off the power of host PC.

2. Remove TORNADO mainboard from PC dot.

3. Ensurethat two TORNADO on-board spacers for mounting PIOX-16 DCM are installed into the
corresponding holes on TORNADO mainboard (fig.3-1). If spacers are not installed, then install
spacers, which are enclosed with TORNADO-PX/DDC4 shipment package.

4. Pick-up TORNADO-PX/DDC4 DCM from the shipment packaging and orient it parallel to
TORNADO mainboard over PIOX-16 DCM area. Safely plug-in on-board JP1 host PIOX-16
connector of TORNADO-PX/DDC4 DCM into the corresponding 16-bit PIOX-16 site header of host
TORNADO mainboard (fig.3-18). In case host TORNADO mainboard provides on-board 32-bit
PIOX interface site, then you have to plug TORNADO-PX/DDC4 DCM into the 16-bit PIOX-16 sub-
connector of host PIOX interface site at host TORNADO mainboard (fig.3-1b).

TORNADO-PX/DDC4
DCM

TORNADO-PX/DDC4
on-board PIOX-16
Connector (JP1)

Host TORNADO
Mainboard
Spacers

Fig. 3-1a. Installation of TORNADO-PX/DDC4 DCM into 16-bit PIOX-16 site of host TORNADO DSP
system.



106 TORNADO-PX/DDC4.  User’s Guide.

TORNADO-PX/DDC4
on-board PIOX-16
Connector (JP1)

TORNADO-PX/DDC4
DCM

TORNADO on-board
32 bit PIOX
Interface Site

TORNADO on-board
PIOX-X32 Header

Host TORNADO
Mainboard

Spacers

Fig. 3-1b. Installation of TORNADO-PX/DDC4 DCM into 32-bit PIOX site of host TORNADO DSP
system.

4. Screwin TORNADO-PX/DDC4 DCM to the spacersat TORNADO mainboard.

5. Configure TORNADO-PX/DDC4 on-board SW2 for the corresponding DSP bootmode configuration
and write protection feature (refer to tables 2-1 and 2-3).

6. Connect T/X-XIOB/DDC4 external 1/0 board to TORNADO-PX/DDC4 DCM (refer to Appendix C).

7. Incase TORNADO PC plug-in DSP system is used for installation of TORNADO-PX/DDC4 DCM,
then install TORNADO mainboard into PC chassis slot and screw it to the rear panel of PC.

8. Incase TORNADO PC plug-in DSP system is used for installation of TORNADO-PX/DDC4 DCM
and in case T/X-XIOB/DDC4 externa 1/0O board for TORNADO-PX/DDC4 DCM isnot installed
onto the rear mounting bracket of host TORNADO mainboard, then install and screw T/X-
XIOB/DDC4 external 1/0 board to the rear panel of PC.

9. Plug-intwo T/X-DDC1/C external 1/0 cable sets to JP1 and JP3 external 1/O connector of T/X-
XIOB/DDC4 externdl 1/0 board.

10. Connect external 1/0 peripherals and RF input sourcesto T/X-DDC1/C external 1/0 cable sets.

11. Switch on power of host PC.

3.2 Installation as Stand-alone Controller

In case TORNADO-PX/DDC4 DCM is considered to be used in stand-alone operation mode, then
TORNADO-PX/DDC4 DCM must be installed into the custom embedded chassis compartment in accordance
with the custom design.

For installation of TORNADO-PX/DDC4 DCM as stand-alone controller into the custom embedded chassis
compartment:
1. Switch off the power of embedded system.
2. Ensure that three spacers for mounting TORNADO-PX/DDC4 are installed into the custom chassis
compartment. If spacers are not installed, then install spacers, which are enclosed with TORNADO-
PX/DDC4 shipment package.
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3. Pick-up TORNADO-PX/DDC4 DCM from the shipment packaging and install it into the custom
chassis compartment in accordance with custom design.

4. Screwin TORNADO-PX/DDC4 DCM to three spacers in custom chassis compartment.

5. Ingtall the corresponding plug into TORNADO-PX/DDC4 on-board JP4 external link/power
connector in order to apply external power to TORNADO-PX/DDC4 DCM from the power supply of
custom embedded system and to install high-speed serial link with external host or peripheras (if this
isrequired). Note, that external power for TORNADO-PX/DDC4 DCM can be also applied viathe
corresponding pins of on-board host PIOX-16 connector.

6. Configure TORNADO-PX/DDC4 on-board SW2 for the corresponding DSP bootmode configuration
and write protection feature (refer to tables 2-1 and 2-3).

7. Connect T/X-XIOB/DDC4 external 1/0 board to TORNADO-PX/DDC4 DCM (refer to Appendix C)
and screw it to the custom chassis compartment.

8. Plug-intwo T/X-DDC1/C external 1/O cable setsto JP1 and JP3 external 1/O connector of T/X-
XIOB/DDC4 external 1/O board.

9. Connect externa 1/0 peripherals and RF input sourcesto T/X-DDC1/C externa 1/0 cable sets.

10. Switch on power of embedded system.

3.3 Connection to external signal I1/O equipment

Connection of TORNADO-PX/DDC4 DCM to external analog 1/0 equipment is performed by means of on-
board JP2 and JP5/JP6 connectors (fig.A-1) and by means of optional T/X-XIOB/DDC4 externa 1/O board and
two T/X-DDC1/C external 1/O cable sets (Appendix C).

CAUTION

It is highly recommended to plug-in and unplug external 1/0 cables into/from on-board JP2
and JP5/JP6 connectors of TORNADO-PX/DDC4 DCM when power is switched off.

The ground signal of TORNADO-PX/DDC4 DCM has no galvanic isolation neither from
host TORNADO DSP system/controller, nor from the PC ground and chassis, nor from
external 1/0 peripherals and devises.

CAUTION

When connecting external analog 1/0 equipment to TORNADO-PX/DDC4 DCM you should
be aware that RF-IN-1 and RF-IN-2 analog inputs and XDAC-1, XDAC-2 and PHDAC
analog outputs of TORNADO-PX/DDC4 DCM are DC coupled. If required, external DC
isolation capacitors shall be used.
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Appendix A. On-board Switches and
Connectors.

This Appendix includes a summary description for TORNADO-PX/DDC4 on-board switches, connectors and
LED.

Board layout for TORNADO-PX/DDC4 on-board switches, connectors and LED is presented at fig.A-1.

LED “Power” LED “Reset’

JP3 JP1 SW1 Sw2
FTT T T . ON
! PIOX-16 | L L]
\

EXT. LINK/POWER
<
b
I

EXT. I/0
<
0
N

O O
Sy PS5
RF-IN-1

0y JP6
RF-IN-2

Fig.A-1. On-board switches, connectors and LED for TORNADO-PX/DDC4 DCM.

Al On-board Switches

Table A-1 contains the list of on-board switches.

Table A-1. On-board switches for TORNADO-PX/DDC4 DCM.

switch switch switch function description reference
ID button information
Swi DSP reset pushbutton for DSP stand-alone operation mode. Section 2.2
Sw2 Swa-1 DSP host/stand-alone operation mode selector. Section 2.2
table 2-1
Swa-2 NO/FLASH BOOQT selector for DSP stand-alone mode. Section 2.2
table 2-1
SwW2-3 FLASH write protection control. Section 2.2
table 2-3
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A.2 On-board Connectors

Table A-2 contains the list of on-board connectors.

Table A-2. On-board connectors of TORNADO-PX/DDC4 DCM.

connector Description
ID
JP1 Host PIOX-16 interface site male header.

Pinout of JP1 host PIOX-16 connector is presented in Appendix B of this manual and in
the user’s guide of host TORNADO DSP system/controller, which is used for installation of
TORNADO-PX/DDC4 DCM.

JP2 External analog I/0O connector for connection to external peripherals.

Refer to the corresponding subsection below for more details.

JP3 JTAG-IN male header for connection to external TI XDS510 or MicroLAB Systems
MIRAGE-510DX JTAG emulator.

JTAG-IN connector meets Tl connector specifications for connection to JTAG emulator,
which must be used for debugging of on-board DSP software.

JP4 External link/power connector for DSP stand-alone operation mode.

Refer to the corresponding subsection below for more details.

JP5 Mini-coax RF input connectors for RF channels #1 and #2 correspondingly.
JP6

pinout for JP2 external I/O connector

TORNADO-PX/DDC4 on-board JP2 external 1/0O connector has been designed for connection to external
RS232C peripherals, for gain control of external RF amplifiers, and for connection to headphones.

Pinout of JP2 external 1/0 connector for TORNADO-PX/DDC4 DCM is presented at fig.A-2, whereas the
signal description is presented in table A-3.

On-board JP2 connector is 34-pin guarded 2mm straight mail header, which assumes for mating with the
corresponding plug for 2mm flat ribbon cable. TORNADO-PX/DDC4 DCM has been designed to connect
external peripherals via T/X-XIOB/DDC4 externa 1/0O board, which connects to TORNADO-PX/DDC4 on-
board JP2 connector via 34-pin 2 mm flat cable (refer to Appendix C for more details). However, should
customer application requires application specific cable for connection directly to JP2 external 1/0O connector at
TORNADO-PX/DDC4 DCM, then compatible plugs are available from MicroLAB Systems upon request.
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Fig. A-2. Pinout for JP2 external I/O connector of TORNADO-PX/DDC4 DCM.

Table A-3. Signal description for JP2 external I/O connector of TORNADO-PX/DDC4 DCM.

signal signal description reference
name type information
XDAC-1 AO Unipolar analog outputs from XDAC-1 and XDAC-2 section 2-4
XDAC-2 gain control DAC for external RF ampilifiers.
PHDAC AO Bipolar analog output from PHDAC phone DAC. section 2-4
XSL-DATA 3v/5v Serial data, serial clock and active low frame section 2-4
XSL-CLK TTL/OUT | synchronization outputs correspondingly for XSL-1 and
XSL1-FSYNC XSL-2 external serial output links.
XSL2-FSYNC
GPDIO-0 3v/5v General purpose programmable digital I/O. section 2-2
GPDIO-1 TTL/IO table 2-13
RS1-TX RS/OUT RS232C 1/0 pins from UART-1 channel of DUART. section 2-2
RS1-RX RS/IN
RS1-RTS RS/OUT
RS1-CTS RS/IN
RS1-DTR RS/OUT
RS1-DSR RS/IN
RS1-RI RS/IN
RS1-DCD RS/IN
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RS2-TX RS/OUT | RS232C I/O pins from UART-2 channel of DUART. section 2-2
RS2-RX RS/IN

RS2-RTS RS/OUT

RS2-CTS RS/IN

RS2-DTR RS/OUT

RS2-DSR RS/IN
RS2-RI RS/IN

RS2-DCD RS/IN
XFS-1 3v/5v External sampling frequency inputs for ADC-1 and section 2-2
XFS-2 TTL/IN ADC-2 sampling frequency selectors. These inputs are | table 2-5

pulled down with 100 Ohm resistors.
+12V, -12V - Power supply outputs.
GND - Ground.
Notes: 1. Signal types: AO - analog output; TTL/IN - TTL compatible digital input; TTL/OUT - TTL

compatible digital output; TTL/IO - TTL compatible digital input/output; RS/IN - RS232C
compatible digital input; RS/OUT - RS232C compatible digital output.

pinout for JP4 external link/power connector

TORNADO-PX/DDC4 on-board JP4 external link/power connector has been designed for applying external
power and reset signal during stand-alone operation, and/or for connection to external host via DSP on-chip
McBSP-0 seria port.

Pinout of JP2 external 1/0 connector for TORNADO-PX/DDC4 DCM is presented at fig.A-3, whereas the
signal description is presented in table A-4.

On-board JP4 connector is 16-pin guarded 2mm straight mail header, which assumes for mating with the
corresponding plug for 2mm flat ribbon cable. The mating 16-pin 2mm plug is enclosed as standard with
TORNADO-PX/DDC4 DCM shipment package.

q
xt-BFsR — = w}-2 50
XL-BCLKR —>f-u wf-2 +5v
xt-80R 2= uf-& onD
XL-BDX — 5= :l% GND
XL-BCLKX —22-u 10 6D
xt-Brsx 4 w12 6nD
xRESET 2 4 = w4 GrD
+12v 5] -2 =] Js—12v
d

Fig. A-3. Pinout for JP4 external link/power connector of TORNADO-PX/DDC4 DCM.
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Table A-4. Signal description for JP4 external link/power connector of TORNADO-PX/DDC4 DCM.

signal signal description reference
name type information
XRESET 3v/5v Active low external DSP reset input for stand-alone section 2-2

TTL/IN operation. This input is pulled up via 10 kOhm resistor.

XL-BDR 3v/5v Receiver serial data input, receiver serial clock 1/0, section 2-2
XL-BCLKR TTL/OUT | receiver frame synchronization 1/O, transmitter serial
XL-BFSR TTL/IO data I/O, transmitter serial clock 1/O, transmitter frame
synchronization 1/O for DSP onOchip McBSP-0 serial
XL-BDX port.
XL-BCLKX
XL-BFSX

These pins shall be used as high-speed external link
port for communication with compatible external host
computers or peripherals.

For more information about TMS320C54xx DSP
onOchip McBSP port operation refer to the
corresponding original Tl documentation for
TMS320C5000 DSP.

+5v, +12V, -12V - External power supply inputs.
GND - Ground.
Notes: 1. Signal types: TTL/IN - TTL compatible digital input; TTL/OUT - TTL compatible digital

output; TTL/IO - TTL compatible digital input/output.

A.3 On-board LED

On-board LED for TORNADO-PX/DDC4 DCM are presented in table A-5.

Table A-5. On-board LED for TORNADO-PX/DDC4 DCM.

LED LED function description

LED1 DSP reset is active (RED).

LED2 DSP power is applied (GREEN).
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Appendix B. PIOX-16 Interface Site

This appendix contains information about TORNADO PIOX-16 interface site specifications. This description is
genera to al TORNADO DSP systems/controllers, whereas different TORNADO boards with different DSP
platforms may differ in the number of interrupts requests via PIOX-16 interface and in timer/IO pin
specifications. Refer to your particular TORNADO user’s guide for more details.

B.1 General Description

TORNADO architecture alows expansion of the on-board DSP 1/0O resources via on-board 16-bit parallel 1/O
expansion interface site (PIOX-16) (fig.B-1), which is designed to carry compatible DCM (DCM).

| PIOX-16 TORNADO-54x

| Site Header _ Mainboard

Fig.B-1. PIOX-16 site at TORNADO-54x board.

Some TORNADO boards (typically 32-bit TORNADO DSP systems for PC) provide 16-bit PIOX-16 site as a
subset of on-board 32-bit PIOX interface site, whereas other TORNADO boards (typically TORNADO stand-
alone DSP controllers and 16-bit TORNADO DSP systems for PC) provide PIOX-16 site only. Refer to your
host TORNADO board user’s guide for information about particular PIOX or PIOX-16 interface site installed.

Figure B-2 demonstrates instalation of PIOX-16 DCM into PIOX-16 site of host TORNADO DSP
system/controller.
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TORNADO-PX/DDCA| [ TORNADO-54 |
| | Mainboard |

DLW

Fig.B-2. TORNADO-54x board with PIOX-16 DCM installed.

B.2 PIOX-16 Interface Site Connector and Signals

TORNADO PIOX-16 interface site comprises of signals for SIO-0 and SIO-1 logical seria ports, DSP on-chip
TM/X10-0/1 timers/IO pins, three DSP interrupts, PIOX-16 reset control, and power +5V/+12V power supplies.

PIOX-16 interface appears as the 64K x16 sub-area of DSP external memory or 1/0 resources. PIOX-16 features
16-bit data transfer cycles.

PIOX-16 connector and signal description

PIOX-16 connector is a high-density DDK 50-pin DHB-series dual-row female connector with 0.05” pin pitch.
Compatible PIOX-16 plugs for customer designed DCM are available upon request from MicroLAB Systems.

PIOX-16 connector pinout is presented at fig B-3, whereas signal description for PIOX-16 connector is
presented in table B-1.
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Fig.B-3. PIOX-16 connector pinout (top view).

+5v ] 2 +5v
Al4 = A a15
Af2 =2 5 a13
A10 —L 8 a1t
A8 =2 10 a9
e 1 12
PYRE 14 o
o 15 6 o
2o =L 18
D14 =2 20_ 55
D12 =2 2_ 3
D10 =22 24 by
g 25 26 o
6 2L 28
g 22 30 s
o 31 2 .
Do 33 RTE
GND =2 38_ Gp
STB =L 38 Twxio-0
WE =22 40 hyxi0-1
PIOX_READY = 2. =0
RESET-4 ]
45 46 RO
5y AL 48 'RA-2
-12v 49u50 +12v

Table B-1. PIOX-16 signal description.

Signal name signal description
type
Address and Data Bus
A0..A15 O DSP address bus.
DO0..D15 I{e] DSP data bus.
Data Transfer Control
STB O Active low PIOX-16 data transfer strobe.
WE O Active low PIOX-16 write enable signal.
m Active low PIOX-16 data ready acknowledge signal. This signal is generated by

PIOX-16 DCM in order to complete transmission cycle over PIOX-16 interface. This

input has pull-up resistor.
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DSP Timers, Reset and Interrupt Requests

TM/X10-0 1/0/Z2 These signals are typically connected to the DSP on-chip TIMER-0 and TIMER-1
TM/XIO-1 1/O pins and can be software configured by DSP as either timer or I/O pin. However,
in some TORNADO boards (for example TORNADO-54x board) these signals can
be controlled by on-board I/O controller.

"RESET o Active low PIOX-16 reset signal. Some TORNADO boards (for example TORNADO-
3x boards) wires this signal directly from the DSP reset signal, and PIOX-16
plugged-in DCM reset is asserted simultaneously with TORNADO on-board DSP
reset. However some TORNADO boards (for example TORNADO-54x/6x etc.
boards) feature dedicated PIOX-16 site reset signal, which is controlled by
TORNADO on-board DSP for better synchronization between the DSP software and
P1OX-16 DCM operation.

Active low external interrupt request lines for TORNADO on-board DSP. These lines

IRQ-0
are pulled up.
IRQ-1
IRQ-2
Power Supplies
GND Ground.
+5v +5v power (from ISA-bus).
+12v +12v power (from ISA-bus).
-5v -5v power (from ISA-bus).
-12v -12v power (from ISA-bus).
Note: 1. Signal type is denoted as the following: / - input, O - output, Z - high impedance.

PIOX-16 site signal levels

Signal levels for PIOX-16 interface signals correspond to that for the CMOS/TTL signals with /5, =2ma and
lop=-0.3maload currents.
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CAUTION

Some TORNADO boards (TORNADO-30/31/32L/542L) provide PIOX-16 interface signal
levels compatible with that for CMOS/TTL only, whereas other TORNADO boards
(TORNADO-33/54xx/6x/E6x/P6x/E3x/E6X) provide PIOX-16 interface signal levels
universal for both 3V TLL and standard TTL. Refer to documentation for your particular
TORNADO board for information about PIOX-16 interface signal levels.

timing diagram for PIOX-16 data transmission cycle

Figure B-4 presents timing diagram for typical PIOX-16 data transmission cycle for TORNADO-54x DSP
system. This data transfer timing is known as the industry standard MOTOROLA mode and assumes usage of
data strobe signal and write enable signal.

<« 18nsmin____,)
< 15ns min_|
50nsmin ) 5ns
12ns 5 e > | [<— 12ns —¥
STB /
[ # 5ns
WE ™
Address K
Data NN )
PIOX_RDY —
MEMORY READ MEMORY WRITE

Fig.B-4. Timing diagram of PIOX-16 data transfer for TORNADO-54x.

Other TORNADO DSP systems/controllers (TORNADO-3x/6x/P3x/P6x/E3x/E6x, etc) provide similar timing
for PIOX-16 data transmission cycles with the only differences applied to specific timing parameters. Refer to
documentation for your particular TORNADO board for information about PIOX-16 timing specifications.

B.3 Physical Dimensions for PIOX-16 DCM

Physical dimensions for PIOX-16 DCM are presented at fig.B-5. This information is intended for those
customers, who need to design custom PIOX-16 DCM.



120 TORNADO-PX/DDC4.  User’s Guide.

PIOX-16
Connector 0.875"
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PIOX-16 connector: DDK DHB-Px50

Fig.B-5. Physical dimensions for PIOX-16 DCM.
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Appendix C. External Cable Sets for
TORNADO-PX/DDC4

This appendix contains information about externa cable sets for TORNADO-PX/DDC4 DCM, which include
T/X-XI0B/DDC4 external 1/0O board and T/X-DDC1/C external 1/O cable set. Note, that T/ X-DDC1/C externa
I/0 cable set can be also used with T/SDAS-DDC1 single-channel DRR SIOX DCM for TORNADO DSP
systems/controllers/coprocessors.

C.1 Connection of external I/O peripherals and devices
to TORNADO-PX/DDC4 DCM

TORNADO-PX/DDC4 DCM provides on-board JP2 external 1/0O connector and JP5/JP6 mini-coax RF-IN
connectors (refer Appendix A) for connection to external peripherals, devices and RF signal sources.

External peripherals, devices and RF sources can either directly connect to TORNADO-PX/DDC4 on-board
JP2 and JP5/JP6 connectors, or, for more convenience, can connect by means of optional T7/X-XIOB/DDC4
external 1/0O board and two T/X-DDC1/C externa 1/O cable sets (fig.C-1), which come standard with
TORNADO-PX/DDC4 DCM shipment package and are used for connection to external signal sources and
peripherals using industry standard end connectors.

TORNADG-FEDO0S TeN- M0 ETOCd TEDO0TE T-DOCTG |
DCM Extermal U0 Board Cabie Eat Cabée Eat

Fig. C-1. TORNADO-PX/DDC4 DCM with T/X-XIOX/DDC4 external I/O board and two T/X-DDC1/C
external 1/O cable sets.

Optional T/X-XIOB/DDC4 external 1/0 board can be installed at the rear panel of PC chassis and converts JP2
and JP5/JP6 TORNADO-PX/DDC4 on-board connectors into two remote single-channel external 1/0
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connectors, which are compatible with that for T/SDAS-DDC1 DCM and which allow connection to external
RS232C compatible devices, phones, RF amplifiers, and other devices.

T/X-DDC1/C external 1/0O cable sets provides industry standard connectors for connection to externa 1/0
peripherals, devices and RF sources.

This appendix contains description for T/X-XIOB/DDC4 external 1/O board and T/X-DDC1/C externa 1/0
cable set.

C.2 T/X-XIOB/DDC4 External I/O Board

This section contains description for 7/X-XIOB/DDC4 external 1/0 board (fig.C-2), which comes standard with
TORNADO-PX/DDC4 DCM and is used for connection to external signal sources and peripherals using
industry standard end connectors viatwo T/X-DDC1/C external 1/O cable setsfor T/SDAS-DDC1 DCM.

T

JP2 |
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5 M- i T%-DOCIC Cakle S0
= JP5 I | Exledrial 11D | s— i ;
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= -]
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Fig. C-2. T/X-XIOB/DDC4 external I/O board.
installation

T/X-XIOB/DDC4 externa 1/O board either installs in a separate sot at the rear panel of PC chassis, or can be
installed directly onto the rear mounting bracket of TORNADO PC plug-in DSP systems in order to save space
inside PC chassis compartment.

schematic diagram for T/X-XIOB/DDC4 external /O connector board

T/X-XI0B/DDC4 external 1/0 board comprises of the following on-board connectors:
* Input JP2 and JP4 mini-coax connectors, which shall connect to TORNADO-PX/DDC4 on-board JP5
and JP6 RF input mini-coax connectors correspondingly via 12" miniature RF coaxial cables.
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e Input JP5 guarded 2mm 34-pin straight male header, which must connect to TORNADO-PX/DDC4
on-board JP2 external 1/0O connector via 12" 2mm flat ribbon cable.

e Output JP1 and JP3 external 1/0O connectors, which are compatible with that for T/SDAS-DDC1 DCM
and which allow connection to external RS232C compatible devices, phones, RF amplifiers, and other
devicesvia T/SDAS-DDC1/C externa 1/O cable sets. T/X-XIOB/DDC4 on-board JP1 and JP3
connectors are 26-pin half pitch DHA-RA26 series receptacles from Fujikura-DDK Ltd. In case
customer needs to design his own application specific cable for connection to JP1/JP3 connectors of
TORNADO-PX/DDC4 DCM, then compatible plugs for JP1/JP3 connectors are available from
MicroLAB Systems upon request.

Fig.C-3 shows generic schematic diagram of T/X-XIOB/DDC4 externa |/O board for TORNADO-PX/DDC4
DCM. Signals description is provided in table A-3 for TORNADO-PX/DDC4 on-board JP2 externa 1/0
connector.

4 JP1 )
External I/O
Connector
JP2 .
Mini-coax RS1-RI 26 [J-{25 Rs1-DSR
Connector RS1-CTS AJ l,A RS1-RTS
RF-IN-1 RS1-Rx 221 ] [J-121 rst1-ncp
rRs1-Tx 201§ 119 Rs1-DTR
( JP5 cpio-2 18I BH17- Grio-1
External 1/O XSLi-Fsync 181 J P15 xsi-cik
Input Connector XSL2-FSYNC —4 1 B3 xsL-paTA
p— GND LAl l,L GND
pHoac — = w42 oD PHDAC 1724 ng
xrs1 30w w4 6o XDAC-1 TJ L? XFS-1
xrs2 —F= =45 eno enD —ol I=— 6N
Grio-1 — = w8 Grio-2 12v — Al T REINT
xSLiFSYNC —> = =410 xpac.1 v %7 GND
XSL2-FSYNC -1 R u w42 xpac-2
xsL-DATA 2R u w @14 45,
XSL-CLK 1—? . —12 +12v
RS1-DCD — - = -—l70 RS1-DSR 4 JP3 N\
RST-RX ——f—u wg—" RST-RTS External 1/0
rst-ix 2 e w}-2 rsicrs c
23 24 onnector
rst-oTR 224w w k2 RS 1R _
onD 250 » w} 2 rsopep
rsosk 2 L w28 reorx RS2-RI %4 L% RS2-DSR
rs2rTs 220 o w B 30 posrx RS2-CTS EJ F? RS2-RTS
Rrs2-cTs 228 a w Q32 Rs2pTR RS2RX Sl - RS2-DCD
rs2-Ri 24 = uf-34 6D RS2-TX <21 | W= RS2-DTR
GPpio-2 181 | BT GPpIO-1
Y —— XsLi-Fsyne 1610 15 xsi-crk
XSL2-FSYNC A1 13- xsL-pATA
enD 121 I-M enp
JP4 pHpAc 101§ L9
Mini-coax xpAc-2 —8 | 1 xrs-2
Connector evp —81 0 12— enp
RF-IN-2 v A0 B — RFIN-2
+12v —2 QL GND
\_ J

Fig.C-3. Schematic diagram of T/X-XIOB/DDC4 external 1/O board.
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C.3 T/X-DDC1/C External I/0O Cable Set

This section contains description for 7/X-DDC1/C cable set (fig.C-4), which comes standard with TORNADO-
PX/DDC4 and T/SDAS-DDC1 DCM and is used for connection to externa signal sources and peripherals
using industry standard end connectors.

Fig. C-4. T/X-DDC1/C external |/O cable set.

T/X-DDC1/C external 1/0 cable set for TORNADO-PX/DDC4 and T/SDAS-DDC1 DCM plugs either into the
JP2 connector at T/SDAS-DDC1 DCM or into the JP1/JP3 connectors at T/X-XIOB/DDC4 external 1/0 board
for TORNADO-PX/DDC4 DCM (refer to fig.C-3 and section “ T/X-XIOB/DDC4 external 1/0 board” earlier in
this appendix).

schematic diagram for T/X-DDC1/C external 1/O cable set

T/X-DDC1/C external /0 cable set splits 1/0O signals from T/X-XIOB/DDC4 externa 1/0O board or T/SDAS-
DDC1 DCM into several function groups via industry-standard end-user connectors in order to simplify
connection to external 1/0 equipment.

T/X-DDC1/C cable set comprises of the following end-user connectors:

e industry standard RF-IN BNC coax connector for RF analog signal input

* RCA jack at XDAC analog output of T/X-XIOB/DDC4 external 1/0 board for TORNADO-
PX/DDC4 DCM (or XDAC-1 analog output for T/SDAS-DDC1 DCM) for external gain control,
phones, and general purpose analog output (recommended usage is to connect to external RF amplifier
for gain control)

e 3.5mmmini jack at the PHDAC analog output of T/X-XIOB/DDC4 external 1/0 board for
TORNADO-PX/DDC4 DCM (or XDAC-2 analog output for T/SDAS-DDC1 DCM) for either
connection to external phones, or gain control of external RF amplifier, or general purpose analog
output (recommended usage is connect to external phones)

*  D-Sub DB-9 male 9-pins connector for RS232C interface, which meets the industry-standard pinout
for PC COM ports

» high-density D-Sub DBH-15 female 15-pins connector (compatible with connectors for PC VGA
monitors) for auxiliary signal 1/0 and power output.
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Fig.C-5 shows generic schematic diagram of T/X-DDC1/C cable. Signal description is provided in table A-3 for
JP2 external 1/O connector of TORNADO-PX/DDC4 DCM.

O RF-IN
(BNC Coaxial

Connector)
XDAC
(RCA Jack)
PHDAC
(Mini Phone
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( T/SDAS-DDC1 )
s UART
+12 mm2edl] = GND RS232C I/F
12v _‘é :Il I|:_g RF-IN (DB-9 Male)
GND =i RV
XDAC =] [-— XFS ) 5
PHDAC 01 e . o5 GND
GND 12 1 oD RS-R—2 o .
XSL2-FSYNC =12 13 xsL-DATA s &~ RSDTR
XSL1-FSYNC =2 15 xsi-cLk RS-CTS—-® 3
GPi0-2 -8 1L GPIO-1 7 &= — RSTX
RS.TX 20 19 ps-DTR RS-RTS— @ )
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_ J

Fig.C-5. Schematic diagram of T/X-DDC1/C cable.
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Appendix D. FLASH Memory Programming

This appendix contains detail information about programming procedure for TORNADO-PX/DDC4 on-board
FLASH memory.

CAUTION

FLASH memory programming routines for TORNADO-PX/DDC4 on-board DSP
environment are supplied as a standard part of on-board DSP utility software with
TORNADO-PX/DDC4 DCM.

Information in this appendix is provided for advanced users only, who need to design their
own code for programming TORNADO-PX/DDC4 on-board FLASH memory.

D.1 Accessing FLASH Memory at TORNADO-PX/DDC4

TORNADO-PX/DDC4 DCM provides on-board 128K x8 in-system programmable FLASH memory, which can
be used as boot source during SA/FLASH8-BMODE or HOST/FLASH8-BMODE DSP bootmodes (refer to
section “DSP Environment” in chapter 2 and table 2-1), and/or to store general purpose non-volatile data.

FLASH memory addressing

TORNADO-PX/DDC4 on-board 128Kx8 FLASH memory is alocated to DSP external data memory area
(refer to section “DSP Environment” and table 2-2).

FLASH memory becomes available for read/write by on-board DSP software inside DSP external data memory
area in case the DROM bit of DSP on-chip PMST register is set to the DROM=0 state (refer to original Tl
documentation for TM S320C5000 DSP), and in case the XDMEM_SEL bit of DSP_XDMP_RG register is set
to the XDMEM_SEL=1 state (refer to table 2-10).

128Kx8 FLASH memory space is splitted into 32Kx8 FLASH memory pages in order to meet external data
memory addressing requirement for TMS320C54x DSP. FLASH memory page is selected by the { FPAGE-1,
FPAGE-0} bitsof DSP_XDMP_RG register (refer to table 2-10).

CAUTION

FLASH memory description below is presented with assumption that 128K linear FLASH
memory address space is not splitted into overlapped FLASH memory pages asit isdonein
TORNADO-PX/DDC4 DCM.

User software must perform corresponding processing of linear FLASH memory addressin
order to convert it to pages in accordance with TORNADO-PX/DDC4 DCM architecture.
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FLASH memory write protection

TORNADO-PX/DDC4 on-board hardware allows to inhibit writes to on-board FLASH memory in order to
provide safety and integrity of FLASH memory contents after programming.

FLASH memory write protection is controlled by on-board SW2-3 switch (refer to fig.A-1) in accordance with
table 2-3 (refer to section “DSP Environment” for more details).

D.2 FLASH Chip Description

This section contains detail description for TORNADO-PX/DDC4 on-board FLASH memory.

Command Definitions

When FLASH chip isin the READ mode, then any write to FLASH isinterpreted as write to FLASH command
register until device will be returned back to READ mode using READ command.

Writing specific address and data commands or sequences into the command register initiates device operations.
Table D-1 defines the valid register command sequences.

CAUTION

Writing incorrect address and data values or writing them in the improper sequence resets
the device to reading array data.
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Table D-1. FLASH Command Definitions
command cycles bus cycles
sequence (notes 2-4)
(note 1)
First Second Third Fourth fifth sixth
addr | data | addr | data | addr | data | addr | data | addr | data | addr | data
Read (note 5) 1 RA RD
Reset (note 6) 1 XXX FO
Byte program 4 555 AA 2AA 55 555 A0 PA PD
Unlock bypass 3 555 AA 2AA 55 555 20
Unlock Bypass 2 XXX A0 PA PD
Program
(note 9)
Unlock Bypass 2 XXX 90 XXX 00
Reset
(note 10)
Chip Erase 6 555 AA 2AA 55 555 80 555 AA 2AA 55 555 10
Sector Erase 6 555 AA 2AA 55 555 80 555 AA 2AA 55 SA 10
Erase Suspend 1 XXX BO
(note 11)
Erase Resume 1 XXX 30
(note 12)
Autoselect Mode
(note 7)
Manufacturer ID 4 555 AA 2AA 55 555 90 X00 01
Device ID 4 555 AA 2AA 55 555 90 X01 6E
Sector protect verify 4 555 AA 2AA 55 555 90 SA 00
(note 8) X02
01
Legend:
X Don’t care
RA  Address of the memory location to be read.
RD Data read from location RA during read operation.
PA  Address of the memory location to be programmed.
PD  Data to be programmed at location PA.
SA  Address of the sector to be erased or verified. Address bits A16—A14 uniquely select any sector.
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Notes: See Table 1 for descriptions of bus operations.

1

2. All values are in hexadecimal.

3. Except when reading array or autoselect data, all bus cycles are write operations.

4. Address bits A16—A11 are don’t care for unlock and command cycles, unless SA or PA required.

5. No unlock or command cycles required when device is in read mode.

6. The Reset command is required to return to the read mode when the device is in the autoselect mode
or if DQ5 goes high.

7. The fourth cycle of the autoselect command sequence is a read cycle.

8. The data is 00h for an unprotected sector and 01h for a protected sector. The complete bus address in
the fourth cycle is composed of the sector address (A16-A14), A1 =1, and A0 = 0.

9. The Unlock Bypass command is required prior to the Unlock Bypass Program command.

10. The Unlock Bypass Reset command is required to return to reading array data when the device is in
the Unlock Bypass mode.

11. The system may read and program functions in non-erasing sectors, or enter the autoselect mode,
when in the Erase Suspend mode. The Erase Suspend command is valid only during a sector erase
operation.

12. The Erase Resume command is valid only during the Erase Suspend mode.

Reading Array Data

The device is automatically set to reading array data after device power-up. No commands are required to
retrieve data. The device is aso ready to read array data after completing an Embedded Program or Embedded
Erase algorithm.

After the device accepts an Erase Suspend command, the device enters the Erase Suspend mode. The system can
read array data using the standard read timings, except that if it reads at an address within erase-suspended
sectors, the device outputs status data. After completing a programming operation in the Erase Suspend mode,
the system may once again read array data with the same exception. See “Erase Suspend/Erase Resume
Commands” for more information on this mode.

The system must issue the reset command to re-enable the device for reading array data if DQ5 goes high, or
while in the autoselect mode. See the “ Reset Command” section, next.

See aso “Requirements for Reading Array Data” in the “Device Bus Operations’ section for more information.
The Read Operations table provides the read parameters.

Reset Command

Writing the reset command to the device resets the device to reading array data. Address bits are don't care for
this command.

The reset command may be written between the sequence cycles in an erase command sequence before erasing
begins. This resets the device to reading array data. Once erasure begins, however, the device ignores reset
commands until the operation is complete.

The reset command may be written between the sequence cycles in a program command sequence before
programming begins. This resets the device to reading array data (also applies to programming in Erase Suspend
mode). Once programming begins, however, the device ignores reset commands until the operation is complete.

The reset command may be written between the sequence cycles in an autoselect command sequence. Once in
the autoselect mode, the reset command must be written to return to reading array data (also applies to
autoselect during Erase Suspend).

If DQ5 goes high during a program or erase operation, writing the reset command returns the device to reading
array data (also applies during Erase Suspend).
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Autoselect Command Sequence

The autoselect command sequence allows the host system to access the manufacturer and devices codes, and
determine whether or not a sector is protected. Table D-1 shows the address and data requirements.

The autoselect command sequence is initiated by writing two unlock cycles, followed by the autoselect
command. The device then enters the autoselect mode, and the system may read at any address any number of
times, without initiating another command sequence. A read cycle at address XX00h retrieves the manufacturer
code. A read cycle at address XX01h returns the device code. A read cycle containing a sector address (SA) and
the address 02h returns 01h if that sector is protected, or 00h if it is unprotected. Refer to Table D-2 for the valid
sector addresses.

The system must write the reset command to exit the autosel ect mode and return to reading array data.

Table D-2. Uniform Sector Address Table.

sector Al6 A15 Al4 address range
SA0 0 0 0 00000H-03FFFH
SA1 0 0 1 04000H-07FFFH
SA2 0 1 0 08000H-0BFFFH
SA3 0 1 1 0CO00H-OFFFFH
SA4 1 0 0 10000H-13FFFH
SA5 1 0 1 14000H-17FFFH
SA6 1 1 0 18000H-1BFFFH
SA7 1 1 1 1CO00H-1FFFFH

Byte Program Command Sequence

The device programs one byte of data for each program operation. The command sequence requires four bus
cycles, and is initiated by writing two unlock write cycles, followed by the program set-up command. The
program address and data are written next, which in turn initiate the Embedded Program algorithm. The system
is not required to provide further controls or timings. The device automatically provides internally generated
program pulses and verify the programmed cell margin. Table D-1 shows the address and data requirements for
the byte program command sequence.

When the Embedded Program algorithm is complete, the device then returns to reading array data and addresses
are no longer latched. The system can determine the status of the program operation by using DQ7 or DQ6. See
“Write Operation Status’ for information on these status bits.

Any commands written to the device during the Embedded Program Algorithm are ignored. The Byte Program
command sequence should be reinitiated once the device has reset to reading array data, to ensure data integrity.
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Programming is allowed in any sequence and across sector boundaries.

CAUTION

A bit cannot be programmed from a “0” back toa“1”. Attempting to do so may halt the
operation and set DQ5 to “1,” or cause the Data# Polling algorithm to indicate the operation
was successful. However, a succeeding read will show that the datais till “0”. Only erase
operations can convert a“0” toa“1”.

Unlock Bypass Command Sequence

The unlock bypass feature alows the system to program bytes to the device faster than using the standard
program command sequence. The unlock bypass command seguence is initiated by first writing two unlock
cycles. This is followed by a third write cycle containing the unlock bypass command, 20h. The device then
enters the unlock bypass mode. A two-cycle unlock bypass program command sequence is all that is required to
program in this mode. The first cycle in this sequence contains the unlock bypass program command, AOh; the
second cycle contains the program address and data. Additional data is programmed in the same manner. This
mode dispenses with the initial two unlock cycles required in the standard program command sequence,
resulting in faster total programming time. Table D-1 shows the requirements for the command seguence.

During the unlock bypass mode, only the Unlock Bypass Program and Unlock Bypass Reset commands are
valid. To exit the unlock bypass mode, the system must issue the two-cycle unlock bypass reset command
sequence. The first cycle must contain the data 90h; the second cycle the data 00h. Addresses are don't cares for
both cycles. The device then returnsto reading array data.

Figure D-1 illustrates the algorithm for the program operation.
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Fig.D-1. Program Operation.

Note: 1. See Table D-1 for program command sequence.

Chip Erase Command Sequence

Chip erase is a six bus cycle operation. The chip erase command sequence is initiated by writing two unlock
cycles, followed by a set-up command. Two additional unlock write cycles are then followed by the chip erase
command, which in turn invokes the Embedded Erase algorithm. The device does not require the system to
preprogram prior to erase. The Embedded Erase algorithm automatically preprograms and verifies the entire
memory for an all zero data pattern prior to electrical erase. The system is not required to provide any controls
or timings during these operations. Table D-1 shows the address and data requirements for the chip erase
command sequence.

Any commands written to the chip during the Embedded Erase algorithm are ignored. The Chip Erase command
sequence should be reinitiated once the device has returned to reading array data, to ensure data integrity.

The system can determine the status of the erase operation by using DQ7, DQ6, or DQ2. See “Write Operation
Status’ for information on these status bits. When the Embedded Erase algorithm is complete, the device returns
to reading array data and addresses are no longer latched.

Figure D-2 illustrates the algorithm for the erase operation.
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Fig.D-2. Erase Operation.

Notes: 1. See Table D-1 for erase command sequence.
2. See “DQ3: Sector Erase Timer” for more information.

Sector Erase Command Sequence

Sector erase is a six bus cycle operation. The sector erase command sequence is initiated by writing two unlock
cycles, followed by a set-up command. Two additional unlock write cycles are then followed by the address of
the sector to be erased, and the sector erase command. Table D-1 shows the address and data requirements for
the sector erase command sequence.

The device does not require the system to preprogram the memory prior to erase. The Embedded Erase
algorithm automatically programs and verifies the sector for an all zero data pattern prior to electrical erase. The
system is not required to provide any controls or timings during these operations.

After the command sequence is written, a sector erase time-out of 50 us begins. During the time-out period,
additional sector addresses and sector erase commands may be written. Loading the sector erase buffer may be
done in any sequence, and the number of sectors may be from one sector to al sectors. The time between these
additional cycles must be less than 50 ps, otherwise the last address and command might not be accepted, and
erasure may begin. It is recommended that processor interrupts be disabled during this time to ensure all
commands are accepted. The interrupts can be re-enabled after the last Sector Erase command is written. If the
time between additional sector erase commands can be assumed to be less than 50 us, the system need not
monitor DQ3.
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CAUTION

Any command other than Sector Erase or Erase Suspend during the time-out period
resetsthe deviceto reading array data. The system must rewrite the command sequence
and any additional sector addresses and commands.

The system can monitor DQ3 to determine if the sector erase timer has timed out. (See the “DQ3: Sector Erase
Timer” section.) The time-out begins from the rising edge of the final WE# pulse in the command sequence.
Once the sector erase operation has begun, only the Erase Suspend command is valid. All other commands are
ignored. The Sector Erase command sequence should be reinitiated once the device has returned to reading array
data, to ensure data integrity. When the Embedded Erase algorithm is complete, the device returns to reading
array data and addresses are no longer latched. The system can determine the status of the erase operation by
using DQ7, DQ6, or DQ2. (Refer to “Write Operation Status” for information on these status bits.)

Figure D-2 illustrates the algorithm for the erase operation.

Erase Suspend/Erase Resume Commands

The Erase Suspend command allows the system to interrupt a sector erase operation and then read data from, or
program data to, any sector not selected for erasure. This command is valid only during the sector erase
operation, including the 50 us time-out period during the sector erase command sequence. The Erase Suspend
command is ignored if written during the chip erase operation or Embedded Program agorithm. Writing the
Erase Suspend command during the Sector Erase time-out immediately terminates the time-out period and
suspends the erase operation. Addresses are “don’t-cares’ when writing the Erase Suspend command.

When the Erase Suspend command is written during a sector erase operation, the device requires a maximum of
20 ps to suspend the erase operation. However, when the Erase Suspend command is written during the sector
erase time-out, the device immediately terminates the time-out period and suspends the erase operation.

After the erase operation has been suspended, the system can read array data from or program data to any sector
not selected for erasure. (The device “erase suspends’ all sectors selected for erasure.)) Normal read and write
timings and command definitions apply. Reading at any address within erase-suspended sectors produces status
data on DQ7-DQO. The system can use DQ7, or DQ6 and DQ?2 together, to determine if a sector is actively
erasing or is erase-suspended. See “Write Operation Status’ for information on these status bits.

After an erase-suspended program operation is complete, the system can once again read array data within non-
suspended sectors. The system can determine the status of the program operation using the DQ7 or DQ6 status
bits, just as in the standard program operation. See “Write Operation Status’ for more information.

The system may also write the autoselect command sequence when the device is in the Erase Suspend mode.
The device alows reading autoselect codes even at addresses within erasing sectors, since the codes are not
stored in the memory array. When the device exits the autoselect mode, the device reverts to the Erase Suspend
mode, and is ready for another valid operation. See “ Autoselect Command Sequence” for more information.

The system must write the Erase Resume command (address bits are “don’t care”) to exit the erase suspend
mode and continue the sector erase operation. Further writes of the Resume command are ignored. Another
Erase Suspend command can be written after the device has resumed erasing.
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WRITE OPERATION STATUS

The device provides severa hits to determine the status of a write operation: DQ2, DQ3, DQ5, DQ6, and DQ7.
Table D-3 and the following subsections describe the functions of these bits. DQ7, and DQ6 each offer a
method for determining whether a program or erase operation is complete or in progress. These three bits are
discussed first.

Table D-3. Write Operation Status.

operation DQ7 DQ6 DQ5 DQ3 DQ2
(note 2) (note 1) (note 2)
Standard Embedded Program Algorithm DQ7 Toggle 0 N/A No toggle
mode
Embedded Erase Algorithm 0 Toggle 0 1 Toggle
Erase Reading with Erase 1 No 0 N/A No toggle
Suspend Suspended Sector Toggle
mode
Reading with Non-Erase Data Data Data Data Data
Suspended Sector
Erase-Suspend-Program DQ7 Toggle 0 N/A N/A
Notes: 1. DQ5 switches to ‘1’ when an Embedded Program or Embedded Erase operation has exceeded

the maximum timing limits. See “DQ5: Exceeded Timing Limits” for more information.
2. DQ7 and DQ2 require a valid address when reading status information. Refer to the appropriate
subsection for further details.

DQ7: Data# Polling

The Data# Polling bit, DQ7, indicates to the host system whether an Embedded Algorithm is in progress or
completed, or whether the device is in Erase Suspend. Data# Polling is valid after the rising edge of the final
WE# pulse in the program or erase command sequence.

During the Embedded Program algorithm, the device outputs on DQ7 the complement of the datum
programmed to DQ7. This DQ7 status also applies to programming during Erase Suspend. When the Embedded
Program algorithm is complete, the device outputs the datum programmed to DQ7. The system must provide the
program address to read valid status information on DQ?Y. If a program address falls within a protected sector,
Data# Polling on DQY is active for approximately 1 ps, then the device returns to reading array data.

During the Embedded Erase algorithm, Data# Polling produces a “0” on DQ7. When the Embedded Erase
algorithm is complete, or if the device enters the Erase Suspend mode, Data# Polling produces a “1” on DQ7.
This is analogous to the complement/true datum output described for the Embedded Program algorithm: the
erase function changes all the bits in a sector to “1”; prior to this, the device outputs the “complement,” or “0.”
The system must provide an address within any of the sectors selected for erasure to read valid status
information on DQ7.

After an erase command sequence is written, if all sectors selected for erasing are protected, Data# Polling on
DQY is active for approximately 100 ps, then the device returns to reading array data. If not all selected sectors
are protected, the Embedded Erase algorithm erases the unprotected sectors, and ignores the selected sectors that
are protected.



Appendix C. External Cable Sets for TORNADO-PX/DDC4 137

When the system detects DQ7 has changed from the complement to true data, it can read valid data at DQ7—
DQO on the following read cycles. This is because DQ7 may change asynchronously with DQO-DQ6 while
Output Enable (OE#) is asserted low. Table D-3 shows the outputs for Data# Polling on DQ7. Figure D-3 shows
the Data# Polling algorithm.
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Fig.D-3. Data# Polling Algorithm.

Notes: 1. VA =Valid address for programming. During a sector erase operation, a valid address is an address within
any sector selected for erasure. During chip erase, a valid address is any non-protected sector address.
2. DQ7 should be rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DQ5.

DQ6: Toggle Bit |

Toggle Bit | on DQ6 indicates whether an Embedded program or Erase algorithm is in progress or complete, or
whether the device has entered the Erase Suspend mode. Toggle Bit | may be read at any address, and is valid
after the rising edge of the final WE# pulse in the command sequence (prior to the program or erase operation),
and during the sector erase time-out.

During an Embedded Program or Erase algorithm operation, successive read cycles to any address cause DQ6 to
toggle (The system may use either OE# or CE# to control the read cycles). When the operation is complete,
DQ6 stops toggling.
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After an erase command sequence is written, if all sectors selected for erasing are protected, DQ6 toggles for
approximately 100 us, then returns to reading array data. If not all selected sectors are protected, the Embedded
Erase algorithm erases the unprotected sectors, and ignores the selected sectors that are protected.

The system can use DQ6 and DQ2 together to deter-mine whether a sector is actively erasing or is erase-
suspended. When the device is actively erasing (that is, the Embedded Erase algorithm is in progress), DQ6
toggles. When the device enters the Erase Suspend mode, DQ6 stops toggling. However, the system must also
use DQ?2 to determine which sectors are erasing or erase-suspended. Alternatively, the system can use DQ7 (see
the subsection on DQ7: Data# Polling).

If a program address falls within a protected sector, DQ6 toggles for approximately 1 us after the program
command sequence is written, then returns to reading array data.

DQ6 also toggles during the erase-suspend-program mode, and stops toggling once the Embedded Program
algorithm is complete.

Table D-3 shows the outputs for Toggle Bit | on DQ6. Figure D-4 shows the toggle bit algorithm in flowchart
form, and the section “Reading Toggle Bits DQ6/DQ2" explains the agorithm. See also the subsection on DQ2:
ToggleBit II.
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Fig.D-4. Toggle Polling Algorithm.



Appendix C. External Cable Sets for TORNADO-PX/DDC4 139

Notes: 1. Read toggle bit twice to determine whether or not it is toggling. See text.
2 . Recheck toggle bit because it may stop toggling as DQ5 changes to “1”. See text.

DQ2: Toggle Bit Il

The “Toggle Bit 11" on DQ2, when used with DQ6, indicates whether a particular sector is actively erasing (that
is, the Embedded Erase algorithm is in progress), or whether that sector is erase-suspended. Toggle Bit Il is
valid after the rising edge of the final WE# pulse in the command sequence.

DQ2 toggles when the system reads at addresses within those sectors that have been selected for era-sure. (The
system may use either OE# or CE# to control the read cycles.) But DQ2 cannot distinguish whether the sector is
actively erasing or is erase-suspended. DQ6, by comparison, indicates whether the device is actively erasing, or
is in Erase Suspend, but cannot distinguish which sectors are selected for era-sure. Thus, both status bits are
required for sector and mode information. Refer to Table D-3 to compare outputs for DQ2 and DQ6.

Figure D-4 shows the toggle bit algorithm in flowchart form, and the section “Reading Toggle Bits DQ6/DQ2"
explains the algorithm. See also the DQ6: Toggle Bit | subsection.

Reading Toggle Bits DQ6/DQ2

Refer to Figure D-4 for the following discussion. Whenever the system initially begins reading toggle bit status,
it must read DQ7-DQO at least twice in a row to determine whether a toggle bit is toggling. Typicaly, the
system would note and store the value of the toggle bit after the first read. After the second read, the system
would compare the new value of the toggle bit with the first. If the toggle bit is not toggling, the device has
completed the program or erase operation. The system can read array data on DQ7-DQO0 on the following read
cycle.

However, if after the initial two read cycles, the system determines that the toggle bit is still toggling, the system
also should note whether the value of DQ5 is high (see the section on DQ5). If it is, the system should then
determine again whether the toggle bit is toggling, since the toggle bit may have stopped toggling just as DQ5
went high. If the toggle bit is no longer toggling, the device has successfully completed the program or erase
operation. If it is still toggling, the device did not completed the operation successfully, and the system must
write the reset command to return to reading array data.

The remaining scenario is that the system initially determines that the toggle bit is toggling and DQ5 has not
gone high. The system may continue to monitor the toggle bit and DQ5 through successive read cycles,
determining the status as described in the previous paragraph. Alternatively, it may choose to perform other
system tasks. In this case, the system must start at the beginning of the algorithm when it returns to determine
the status of the operation (top of Figure D-4).

Table D-3 shows the outputs for Toggle Bit | on DQ6. Figure D-4 shows the toggle bit algorithm. See also the
subsection on DQ2: Toggle Bit I1.

DQ5: Exceeded Timing Limits

DQ5 indicates whether the program or erase time has exceeded a specified internal pulse count limit. Under
these conditions DQ5 produces a “1.” This is a failure condition that indicates the program or erase cycle was
not successfully completed.

The DQ5 failure condition may appear if the system tries to program a “1” to a location that is previoudy
programmed to “0.”
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CAUTION

Only an erase operation can changea “0” back toa*“1.” Under this condition, the device
halts the operation, and when the operation has exceeded the timing limits, DQ5 produces a
“1.” Under both these conditions, the system must issue the reset command to return the
deviceto reading array data.

DQ3: Sector Erase Timer

After writing a sector erase command sequence, the system may read DQ3 to determine whether or not an erase
operation has begun. (The sector erase timer does not apply to the chip erase command.) If additional sectors are
selected for erasure, the entire time-out also applies after each additional sector erase command. When the time-
out is complete, DQ3 switches from “0” to “1.” If the time between additional sector erase commands from the
system can be assumed to be less than 50 ps, the system need not monitor DQ3. See also the “Sector Erase
Command Sequence” section.

After the sector erase command sequence is written, the system should read the status on DQ7 (Data# Polling)
or DQ6 (Toggle Bit 1) to ensure the device has accepted the command sequence, and then read DQ3. If DQ3 is
“1”, the internally controlled erase cycle has begun; all further commands (other than Erase Suspend) are
ignored until the erase operation is complete. If DQ3 is “0”, the device will accept additional sector erase
commands. To ensure the command has been accepted, the system software should check the status of DQ3
prior to and following each subsequent sector erase command. If DQ3 is high on the second status check, the
last command might not have been accepted. Table D-3 shows the outputs for DQS3.
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Appendix E. Glossary of Terms.

This Glossary contains definition for terms and other synchronism used along in this databook.

A

ADC-1/2
On-board analog-to-digital converters. Refer to section 2.3 for more details.

ADC-SMUX
On-board ADC output data stream mutiplexer. Refer to sections 2.1 and 2.3 for more details.

ADC Overflow
Overflow condition for ADC output data, which is detected by on-board ADC overflow controller.
ADC1_OVF, ADC2_OVF and ADC12_OVF flags, which indicate corresponding ADC overflow
event, are available via DSP_ADC _FIFO_STAT _RG register. Refer to sections 2.2 and 2.3 for
more details.

Bootmode

DSP start-up bootmode, which is defined by on-board SW2 switch and by bits { BMODE-1,
BMODE-0} of HOST_CNTRZ2_RG register. Refer to sections 2.2 and 2.5 for more details.

Bypass FIFO
Same as FIFO.

C

D

DAC
Digital-to-analog converter. Refer to sections 2.2 and 2.4 for more details.

DCM
Daughter-card module. TORNADO-PX/DDC4 is DCM, which plugs into PIOX-16 interface site of
host TORNADO DSP system/controller.

DDC
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Digital down converter. Same as PDC.

DPRAM
On-board dual-port memory, which is available for access from both on-board DSP and host PIOX-
16 interface. Refer to section 2.2 for more details.

DPSEM
On-board dual-port semaphores memory area, which is available for access from both on-board DSP
and host PIOX-16 interface. Refer to section 2.2 for more details.

DSP
On-board TI TMS320VC5410 or TMS320VC5416 Digital Signal Processor, which is used for
system control and communication with host TORNADO DSP system/controller. Refer to sections
2.1, 2.2 and 2.3 or more details.

DSP_ADC _CLKSEL RG
Register inside DSP environment, which is used to select sampling frequency source for on-board
ADC. Refer to sections 2.2 and 2.3 for more details.

DSP_ADC_FIFO_STAT_RG
Read-only register inside DSP environment, which is used to read status of ADC overflow flags and
FIFO flags. Refer to sections 2.2 and 2.3 for more details.

DSP_AUX_IRQ_STAT_RG
Read-only register inside DSP environment, which is used to read status of auxiliary interrupt
request inputs. Refer to section 2.2 for more detalls.

DSP_CLR_ADC_OVF_RG
Write-only register inside DSP environment, which is used to clear ADC overflow flags. Refer to
sections 2.2 and 2.3 for more details.

DSP_DPRAM_HM_RQ
Dual-port memory location inside DSP environment, which is used to generate interrupt from host
PIOX-16 interface to on-board DSP. Refer to section 2.2 for more details.

DSP_DPRAM_MH_RQ
Dual-port memory location inside DSP environment, which is used to generate interrupt from on-
board DSP to host PIOX-16 interface. Refer to section 2.2 for more details.

DSP_FIFO_DATA RG
FIFO data read register inside DSP environment, which is used to read FIFO data and to program
FIFO flags read FIFO output data. Refer to sections 2.2 and 2.3 for more details.

DSP_FIFO _CNTR_RG
FIFO control register inside DSP environment, which is used to set FIFO operation mode and to
start/abort FIFO data acquisition process. Refer to sections 2.2 and 2.3 for more details.

DSP_FIFO_RES_RG
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Write-only register inside DSP environment, which is used to reset FIFO flags. Refer to sections 2.2
and 2.3 for more details.

DSP_GPIO_DIR_RG, DSP_GPIO_DATA_RG
Registers inside DSP environment, which are used to set direction and read/write data to the GP/O-
0/1 digital 1/0 pins of JP2 external 1/O register. Refer to section 2.2 for more details.

DSP_MIRQO_SEL _RG.. DSP_MIRQ3_SEL_RG, DSP_MNMI|_SEL_RG
Registers inside DSP environment, which are used to select interrupt signal source for DSP external
interrupts. Refer to section 2.2 for more details.

DSP_PDC_FIFO_ISEL_RG
Register inside DSP environment, which is used to select real-time input data stream for PDC and
FIFO. Refer to sections 2.2 and 2.3 for more details.

DSP_PDCx_AOUTO _RG..DSP_PDCx AOUT7_RG,

DSP_PDCx_BOUTO _RG..DSP_PDCx BOUT7 RG
HSP50214 PDC on-chip registers, which are used to real real-time PDC output data. Refer to
sections 2.2 and 2.3 for more details.

DSP_PDCx_HDLO RG, DSP_PDCx_HDL1_RG,

DSP_PDCx_HDL2 RG, DSP_PDCx_HDL3 RG,

DSP_PDCx_WRADDR_RG, DSP_PDCx_RDADDR_RG,
HSP50214 PDC on-chip registers, which are used to configure PDC and to read PDC status
information. Refer to sections 2.2 and 2.3 for more details.

DSP_PDC_STAT_RG
Read-only register inside DSP environment, which is used to read PDC status information. Refer to
sections 2.2 and 2.3 for more details.

DSP_SYS STAT RG
Read-only register inside DSP environment, which is used to read DSP dstart-up bootmode
information. Refer to section 2.2 for more details.

DSP_WDT_EN_RG
Register inside DSP environment, which is used to enable WDT feature during DSP stand-alone
operation mode. Refer to section 2.2 for more details.

DSP_WDT_RES RG
Write-only register inside DSP environment, which is used to reset WDT. Refer to section 2.2 for
more details.

DSP_XDMP_RG
Register inside DSP environment, which is used to select either DPRAM or FLASH memory to be
mapped into DSP external memory area, and to select FLASH memory page addressed.. Refer to
section 2.2 for more details.

DSP_XSL_FMT_RG
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Register inside DSP environment, which is used to set data format, clock polarity and clock framing
feature for XSL-1/2 external output serial links. Refer to sections 2.2 and 2.4 for more details.

DUART
On-board PC16552D Dual-channel Universal Asynchronous Receiver-Transmitter. TORNADO-
PX/DDC4 DCM provides two on-board UART channels (UART-1 and UART-2 as the part of
DUART) with RS232C interface for communication with external RF tuners and general purpose
peripherals. Each UART channel is hardware compatible with PC COM port controller. Refer to
section 2.2 for more details.

E
F
FIFO
On-board high density First-In-First-Output device, which is used to store ADC output data for
general purpose and spectral analysis. Refer to sections 2.1, 2.2 and 2.3 for more details.
FLASH
On-board non-volatile FLASH memory, which can be used to store DSP boot code and non-volatile
data. Refer to section 2.2 and Appendix D for more details.
G
GPIO-0/1
General purpose digital 1/0 bits, which can be used for control of external peripherals. GP/O-0/1 are
controlled via DSP_GPIO_DIR _RG and DSP_GPIO_DATA_RG registers. Refer to section 2.2
for more details.
H

Host PIOX-16 interface
TORNADO-PX/DDC4 on-board host PIOX-16 interface, which is used to install onto host
TORNADO DSP system/controller and for communication with host DSP. Refer to section 2.5 and
Appendix B for more details.

HOST/NO-BMODE, HOST/FLASH8-BMODE, HOST/HPI-BMODE
DSP start-up bootmodes for host operation mode. Refer to section 2.2 for more details.

HOST_CLR_DPRAM_TMOUT_ERR _RG
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Write-only register inside host PIOX-16 interface environment, which is used to clear timeout error
flag for host-to-DPRAM access. Refer to section 2.5 for more details.

HOST_CLR_HPI_TMOUT_ERR_RG
Write-only register inside host PIOX-16 interface environment, which is used to clear timeout error
flag for host-to-HPI access. Refer to section 2.5 for more details.

HOST_CNTR1_RG
Register inside host PIOX-16 interface environment, which is used to control DSP reset signal
during host operation mode for TORNADO-PX/DDC4 DCM. Refer to section 2.5 for more details.

HOST_CNTR2_RG
Register inside host PIOX-16 interface environment, which is used to set DSP bootmode during host
operation mode for TORNADO-PX/DDC4 DCM and to enable timeout control for host-to-DPRAM
and host-to-HPI access. Refer to section 2.5 for more details.

HOST_DPRAM_HM_RQ
Dual-port memory location inside host PIOX-16 interface environment, which is used to generate
interrupt from host PIOX-16 interface to on-board DSP. Refer to section 2.5 for more details.

HOST_DPRAM_MH_RQ
Dual-port memory location inside host PIOX-16 interface environment, which is used to generate
interrupt from on-board DSP to host PIOX-16 interface. Refer to section 2.5 for more details.

HOST_HIRQ_SEL_RG
Register inside host PIOX-16 interface environment, which is used to enable and select particular
interrupt request line of host PIOX-16 interface in order to set interrupt request from TORNADO-
PX/DDC4 DCM to host TORNADO DSP system/controller. Refer to section 2.5 for more details.

HOST_HPIC_RG_LSB, HOST_HPIC_RG_MSB,

HOST_HPIA_RG_LSB, HOST_HPIA_RG_MSB,

HOST_HPID_RG _LSB, HOST_HPID_RG_MSB,

HOST_HPID_AINC_RG_LSB, HOST_HPID_AINC_RG_MSB,
DSP on-chip HPI port registers, which are mapped to host PIOX-16 interface environment for host-
to-HPI access. Refer to section 2.5 for more details.

HOST_IE_RG
Register inside host PIOX-16 interface environment, which is used to set enable masks for interrupt
request sources. Refer to section 2.5 for more details.

HOST_IS_RG
Read-only register inside host PIOX-16 interface environment, which is used to read interrupt
request source status information. Refer to section 2.5 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 PIOX-16 interface environment. Refer to section 2.6 for more details.



146 TORNADO-PX/DDC4.  User’s Guide.

IRQ-0, IRQ-1, IRQ-2,
Host PIOX-16 interface interrupt request inputs, which are used to send interrupt request to host DSP
of host TORNADO DSP system/controller from TORNADO-PX/DDC4 DCM. Refer to section 2.5
and Appendix B 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 for debugging DSP hardware/software for
TORNADO-PX/DDC4 DCM using externa JTAG emulators (TI XDS510 and MicroLAB’
MIRAGE-510DX, UECMX). Refer to section 2.6 for more details.
JTAG-IN
On-board input connector, which is used for connection to external JTAG emulator. Refer to section
2.6 and Appendix A for more details.
K
L
LED
Light emitting diode indicator. Refer to Appendix A for more details.
M
McBSP
TMS320C54x DSP on-chip serial ports. Refer to sections 2.2 and 2.4 for more details.
N
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S

PDC
On-board Intersil HSP50214 programmable down converters. Refer to sections 2.2 and 2.3 for more
details.

PFG-1/2
On-board programmable sampling frequency generators, which can be used to set sampling
frequency for on-board ADC-PDC and ADC-FIFO RF signal processing paths. Refer to sections 2.2,
2.3 and 2.4 for more details.

PHDAC
On-board audio quality digital-to-analog converter, which is used either for connection to external
phones or for general purpose analog output.. Refer to sections 2.2 and 2.4 for more details.

PIOX
32-bit Parallel 1/0 eXpansion interface site for compatible daughter-card modules (DCM) at
TORNADO PC plug-in DSP systems. PIOX comprises of 16-bit PIOX-16 interface site and PIOX-
X32 32-hit extension interface site. Refer to sections 2.6 and 3.1, and Appendix B for more details.

PIOX-16
16-bit Parallel 1/0O eXpansion interface site for compatible daughter-card modules (DCM) at
TORNADO PC plug-in DSP systems and controllers. TORNADO-PX/DDC4 DCM plugs into
PIOX-16 interface site on host TORNADO DSP system/controller. Refer to sections 2.6 and 3.1, and
Appendix B for more details.

Pod
Electronic device, which connects external JTAG emulator with TORNADO-PX/DDC4 on-board
JTAG-IN connector for uploading and debugging on-board DSP software.

SA/NO-BMODE, SA/FLASH8-BMODE
DSP start-up bootmodes for stand-alone operation mode. Refer to section 2.2 for more details.
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UART
Universal Asynchronous Receiver-Transmitter. TORNADO-PX/DDC4 DCM provides two on-
board UART channels (UART-1 and UART-2 as the part of DUART) with RS232C interface for
communication with external RF tuners and general purpose peripherals. Each UART channel is
hardware compatible with PC COM port controller. Refer to section 2.2 for more details.

WwDT
On-board watch-dog timer, which can be used to restart on-board DSP in case of either idle or mis-
operation condition for on-board DSP software. WDT can be used in case TORNADO-PX/DDC4
DCM is running in stand-alone mode. WDT is controlled via DSP_WDT EN RG and
DSP_WDT_RES_RG registers. Refer to section 2.2 for more details.

XDAC-1/2
On-board general purpose digital-to-analog converters, which can be used for gain control of
external RF amplifiers or for general purpose analog output. Refer to sections 2.2 and 2.4 for more
details.

XSL-1/2
On-board external output serial links, which can be used for digital gain control of external RF
amplifiers or for general purpose seria output. Refer to sections 2.2 and 2.4 for more details.
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