Vero Component Specification
Version 2.0.1

Document Number BOC-CS-08943

April 18, 1995

Contact: Robert Eng
Owner: G. C. Keller

Co-Processor Hardware Development
Dept. 22U

Internal Zip 2111

Boca Raton

Unclassified

— Page 1 of 94



Unclassified

Page 2 of 94 — Verd€ComponentSpecification Versior2.0.1



Unclassified

Preface

This documentescribes thdunctions of the Vero VLSkkomponent. The maiimtention ofthis chip is to
provide anefficient means ofinterfacing several relativelglow serialcommunicationchips to a high-speed
bursting CFE bus. This idone through alual-bus structuregightindependent DMA channeldinked-list

chaining andautomatic appended 1/O operations.

Comments

Any comments and/osuggestionsisould bedirected toRobertEng.
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Revisions

01-22-91 to 03-07-91. Originahput to the document.
03-14-91 to 04-09-91.Version0.2.2updates.

— Addedaddress parity checking tibocal Bus

— New definition forBurst Lastsignal

— New definition for Exceptionsignal

- New AIB Data Steeringtable

- New AIB Readysignaldefinition

- New AIB Detectsignaldefinition

- New AIB Clock signaldefinition

— Added Local Bus Exception tMiami sourced interrupts

— Added Local Bus Exception to Brighton sourced interrupts
- Rearranged Brighton interrupt table

— Added Local Bus Configurationegister

— Addedfull 64KB DMA byte countcapability

- Rearranged’QC, MPR, and CPR in CDTegister map

— Added restriction tausage ofDCCR and GDCRchannel enableommand
— Changedbuffer queuing toallow 4K-1 buffersinstead of 4K

— Corrected Queuindlow example

— Added 2 Local Budnput interruptsignals

— Added a high priority AIB interrupinput

— Changed interruptector assignments

— AddedInterrupt Statugegister

— Added bits to AIBCommand/Statusegister

— Added AIB presence detect bit to PDR

— Changed AIBSlaveRead andWrite cycles todrive Chip Selectsooner

08-01-91 to 08-23-91.Version 0.3 updates.
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— Changed to Toshibtechnology VLSI

— Changed ground to power pin ratio

— Added AIB wrapcapability

— Added AIB Wrap Enablesignal

— Changed AIB INTsignaldescription

- Rearranged Brighton interrugbde table

— Changedsignaldescription for allLSSD test pins

— Added Local Bus Exception and AIB Bus parity status to DISR
— Added gate array ID andueuing enable/disable function td8CR
- Rearranged Interruptector assignments

- RemovedgenericRHPI and EOIfunctions of interrupt controller
- Added AIB INTO EOl command

— Added AIB INT1 EOI command

— Added wrapbuffer enable andvrap modebits to ACSR

— Added AIB Wrap Controlregister

— Added AIB Wrap Address/Dataegister

09-01-91 to 01-24-91.Version 0.4 updates.

— Changed format of document to Bookmaster.

— Changedsignaldescription section to tablirmat.

— Changedimings toreflect 25MHz performance.

— Changedimings for AIB Bus (no revision code used here)
— Added Pinname/Pin numbecross referencappendix.

— Added Local Bus Timing appendix.

— Added ICT I/OMappingappendix.

02-11-92 to 04-08-92.Version0.4.1updates.

- Removedrevision code 1, 2, and 8om document.

— Changed Queu@ail Pointerregister to'read only' in1.7,“Vero Register Addres$lap” on page 19.
— Changed Interrupt Statuggister to'read only' inl1.7,“Vero Register Addres$1ap” on page 19.

— Added Bit 31 in2.2.1,“Channel ControlRegister CCR)” on page 23.

- Updateddefinition of Bit O (enable/disable) i2.2.1,“Channel ControlRegister CCR)” on

page 23.

— Clarified definition of GDCRstop command ir2.2.3,“Global DMA CommandRegister(GDCR)"
on page 27.

- Updated Queu€ountinitialization requirements i2.2.5,“Transfer/QueueCount Register(TQC)”
on page 29.

— Changed QTP to 'read only' &x2.10,“QueueTail PointerRegister(QTP)” on page 33.

— Added Sectior2.3.1,“Linked List Chaining/StoppingVatrix” on page 35.

— Addedmoredescription in2.4,“Queuing OperatiofNOT Supported)” onpage 36.

— Changed DISR to 'read only' i2.5.1,"DMA Interrupt StatuRegisters(DISR)” on page 40.

— Changed Queue underrwtatus bit definition in2.5.1,“DMA Interrupt StatusRegistergDISR)”"
on page 40.

— Changed bit names to QE and PE2r6.2,“Local Bus Configurationregister(LBCR)” on page 42.

— Changed polarity of queuingnable bit in2.6.2, “Local BusConfigurationregister(LBCR)” on
page 42.

— Changed polarity of LEDenable value irb.1.2,“"LED EnableRegister(LER)” on page 62.

— Changed T7 min to Ons iB.2.1, “AIB SlaveReadCycle” on page 72.

— Changed T7 min to Ons iB.2.3, “AlIB Interrupt Acknowledge Cycle” on page 76.

— Documented.ocal Bustimings for CFE incompatibility in Appndix C, “Local Bus Timings” on
page 79.

March 17,1993. Version1l.1.0updates.

- Note thatVersion1.0.0 wasnever formally released
— added block diagram (Figure 1 qrage 12)
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— changedocal bus signal namé_PAR to L_ADP (for consistency witiMiami and Brighton)
- removedA_RDY supportduring DMA

— removed AIB wrapsupport

— clarified A_DETECT use

- clarified Brighton andMiami interruptpins

— added secondary address select

- removed TCfollowed by EOPsupport

— corrected conflicting AIB OHFnformation

— clarified whenwriting QR causesnterrupt

- removed APR bit fromACSR

- removedDFCR register(had no function)

- clarified use of PDR

- the RESETCOMMAND values are in the process of beiagrified and $iould not be reliedupon

« July 15,1993. Version2.0.0updates.

— Clarified XINT bus isactive low

— Clarified present dectect bits aren-inverted

— Clarified Queue PointeAddress in QR is invalid when read
— Indicated Queueing is na&upported

- ChangedRESETCOMMAND values

- Changed CSctive and inactivgulse widthvalues

- Clarified the use of bit 31 and bit 0 of CCR

— Addedactive time for-A_RESET signal

— Changed max DMA byteountfrom '64kb' to '64kb-1'

« April 18, 1995. Version2.0.1updates.

— Declassifieddocument.

— Changed contact person RobertEng.

- Reworded note not tavrite zero DMA bytecount and tainitialize DMA byte count for all DMA
channels; added note to linkdidt chaining description not to write zero DMA bytount.

— AddedElectrical Characteristics section to p@ndix (temperature, powevpltage).

- Added Packaging section thppendix.
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1.0 Vero Component Overview

1.1 General
The majorfunctions of the Veranodule arehighlighted below.
« Toshiba(0.8 micron) 12.8mm Semi-custorhip; 278,964transistors

- 8 channel dual-bus DMA controller

- Common Front End (CFEDocal Businterface

— Application Interface Bus(AIB bus) interface

— Interruptcontroller (80960expanded mode interruptupport)
— 208 pin PQFP; 174ignall/O, 25 Ground, 8 Vdd

- 25MHz operation

1.2 RAS Highlights

- Address/data parity generation andecking onLocal Bus
Dataparity generation and checking on AIB Bus

No write onlyregisters

1.3 Performance

The desigrmpoint of theVero module is toprovide a high performance DMA subsystem fhunoAdapter
daughter cardlesigns. Inaddition, the80960supportfunctions of interrupt controller and AIB Buisiter-
face areintegratedinto the module. The DMA unit i€apable of supporting 0 wasitate Local Busaccesses
for durations ofl6-byteburstedtransfers. This translatésto a peak bandwidth of approximately 57MB/s.
In the JunoAdapter implementatiomowever, the Brightormodulewill induce wait statemto Vero's bus
cyclethatreduce itsLocal Bus bandwidticapability down toabout33MB/s. This is not to say tha¥ero
can sustairB3MB/s on the Local Bus.Vero's sustained rate on the Local Bwal be a function of other
masters such algliami alsoaccessing théocal Bus.

In addition tobeing aLocal Bus master, the Vermodule isalso an AIB Busmaster for DMA operations.
Here, the DMA is capable of runningontinuous160ns buscycles to4-bytewide devices. Thisneans that
for a 4-bytewide devicecapable of supporting aycle time of160ns, abursted rate oR5MB/s ispossible.

1.4 Sustained Throughput

The throughput of th&/ero chip is dependent ospecific AIB implementations. It is intendethat AIB's
capable of bursted bandwidths 26MB/s andsustained bandwiths of &ast10MB/s bepossible using the
Vero module. Otherfactors, however, can influence theal datathroughput of themodule. Thesénclude:

- AIB device buffersize
Frequency ofinked list chaining
Frequency of DMAexecuted AIB I/Ooperations (AIBOP's)

Local bus utilization byother mastedevices
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1.5 Vero Block Diagram
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Data
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Figure 1. Major FunctionalBlocks in Vero
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1.6 Vero Signal Description

The following tablesprovide a description of eacsignal in theVero module. See Appendix A, “Vero Pin
Name/NumbeiCross Reference” opage 63 formodule pinnumberinformation.

1.6.1 Vero Local Bus Signals (CFE Bus)

Table 1.Vero Local BusSignals

Name Type Description

L_AD(31-0) I1/0 Local Address/Data(31-0)are used for both address generation and data
transfer on thd.ocal Bus. Theaddress is driven by Vero whenadtwns
the Local Bus andeceivedotherwise. Data isdriven by thedevice pro-
viding the data.

L_ADP(3-0) I1/0 Local Bus Address/DataParity(3-0) are used to generate and check data
parity on the Local Bus.

L W/-R 1/0 Local Write/-Read is used for Local Budgransfers to establish the direc-
tion of dataflow. This signal isdriven when Vero is théocal Bus
master andeceivedotherwise.

-L_RDY I1/0 -Local Readyindicates theermination of a dataransfer. This signal is
driven by Vero as &lave and received wheviero is the Local Bus
master.

-L_BLAST 0] -Local Burst Last is driven by Vero as anaster toindicate the last
transfer of aburstaccess.

-L_ADS 1/0 -Local Address Strobe indicates valid address and tséart of a new bus
access. This signal driven by Vero as anaster andeceived byVero
as a slave.

-L_BE(3-0) I1/0 -Local Byte Enables(3-0)select which of the four bytes addressed are
activeduring anaccess.Thesesignals aredriven by Vero as anaster
and received byero as aslave.

-L_REQ 0] -Local Bus Requestis driven by Vero to request use of th@cal Bus
for transfers to androm the Vero DMA channels.

-L_GRANT I -Local Bus Grant is received byero to detecthat aVero bus request
has been granted.

-L_EXCPT I1/0 -Local Exception is received byero when it is the Local Bus master if
the slavedetects a critical error, id.ocal Bus parity error. Veravill

halt the currentransfer andoost an interrupt in the appropriate DMA
interrupt statugegister (see 2.5.1DMA Interrupt StatusRegisters
(DISR)” on page 40). As alave on theLocal Bus Verodrivesthis
signal when itdetects bad data parity on a write to one of its internal
registers. Nointerrupt or status is reported this case.
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1.6.2 Vero AIB Bus Signals

Table 2 (Page 1 of 2)Vero AIB Bus Signals

Name

Type

Description

A_AD(31-0)

110

AIB Address/Data(31-0)are the multiplexed address and data bits for
the AIB interface. For DMA data transfer to a DM#lave AIB device
theselines are datanly. All DMA data transfers use implicit
addressing of the 1/0 device with tH2ACK signals. For 80960 data
transfer to the AIB an address is generatedAdD0-18 during thefirst
clock cycle and then data isresented orsubsequentycles.

A_PAR(3-0)

110

AIB Data Parity(3-0) are the data parity data bithat aredriven by the
devicesupplying data during a data transfgrcle. Each bit is thegener-
ated odd parity bit for the corresponding byte of data. Vgemerates
the parity bits duringnrites and can checthemduring reads.

-A_ALE

-AlIB Address Latch Enable is provided duringB0960 dataransfer to
allow an external address latch to demultiplex #iB0-18 signals.
Address isvalid before and after théalling edge ofthis signal.

-A_BE(3-0):

110

-AIB Byte Enables(3-0)are driven along with address duri®®960 data
transfer to theAlB. These foursignalsindicate to the AIB which data
bytes arevalid for a given cycle fowrite operations. They arased
during readoperations to tell the AIB which dathytes are considered
to be valid for thereadaccess.

During DMA readoperations to a DMAslave AIB devicethesesignals
are driven by the DM Adevice toindicate to the DMA controller which
data bytes arealid for that cycle. During DMA write operationsthese
signals aradriven by the the DMA controller to indicate to ttdevice
how many data bytes anelid for that cycle.

-A_WR

-AlIB Write is driven activeduring a writeoperation to an AlBslave
device.

-A_RD

-AlB Read is drivenvalid during a readperation to an AlBslave
device.

-A_DEN

-AlIB Data Enable is driven activeduring the data phase of@cle to an
AIB slave device. Foreads, it is anndicationthat it is nowalright to
enable data on to thbus. Forwrites, it is anindicationthat data is
now valid on thebus.

-A_CS(0-4)

-AIB Chip Select(0-4)are driven active when walid addresslecode is
detected for the address ranges defined in@8D0-4registers.

+A_RDY

+AlIB Readyis used to pace theycle if the activecycle time for an
AIB slave device is greater than thprogrammedcycle time (seet.2.1,
“Chip SelectDefinition registers(CSDO0-4)" onpage 54). The AIB bus
is normally ‘ready’, and thisignal isdriven low by theslave device to
extend thecycletime. A_RDY is not supportedduring DMA transfers.

-A_RESET

-AIB Resetis used to reset thAIB. It is driven active for 60ns after
the rising edge of theRESETinput signal, and caralso be driven
activeunder program control of th80960 to resejust the AIB.

-A_ERROR

-AIB Error input is driven by the AIB when any AIB definedritical
error occurs. Thiswill cause vector #232 to be generated. (see
Table 12 onpage 44).

Page 14 of 94 — Ver&€omponentSpecification Versior2.0.1



Unclassified

Table 2 (Page 2 of 2)Vero AIB Bus Signals

Name Type Description
A CLK @] AIB Clock is the 25MHz AlBreference clock.
-D_REQ(0-7) I -DMA Request(0-7)are the eight DMArequestsignalsthat AIB devices

use to request DM /Aservice. Thesesignals aredriven activeasynchro-
nously and driven inactive inesponse to théevice receiving theorre-
spondingDACK signal.

-D_ACK(0-7) 0] -DMA Acknowledge(0-7)are the eight DMA acknowledgsignalsthat
the DMA controllerdrives to the AIB Bus when theorresponding
DREQ is beingserviced. Theduration ofthesesignals are individually
programmable within th&® APW registers toallow for both fast and
slow devices to coexist on the AIB witminimal externallogic.

-D_EOP(0-7) 1/0 -DMA End-of-Process(0-7used tosignalvarioustermination condi-
tions for the DMA channels.

For a DMA transmit channel, EOP can be either a synchrormuput
or an asynchronous input. As autput, EOP idriven activesynchro-
nous with the datdACK transfer on which a DMA terminatount
conditionoccurs.

For a DMA receivechannel, EOP can be either a synchronoaysut or
an asynchronous input. Eithease caroptionally cause a DMA
channel toflush thecurrentbuffer, stop, interrupt, or chain.There is a
separate EORignal foreach DMA channel.

-A_DETECT I -AlIB Detect input must bedriven low to allow VERO AIB bus to
function. The state of thisignal isreadable in thé&.1.1,“Presence
DetectRegister(PDR)” on page 61.
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1.6.3 Vero Interrupt Controller Signals

Table 3. Vero Interrupt ControllerSignals

Name

Type

Description

PXINT(7-0)

O

Processorinterrupt (7-0) form an interrupt vector buthat iscompatible
with the 80960CA expanded modeterrupt structure. Veranternally
manages the prioritization of interruptput signals andranslateshose
inputs intospecificinterruptvectors which are placed on thisis. This
bus is active low.

-A_INT(3-0)

-AlIB Interrupts(3-0) are four separatenterrupt inputsignalsthat are
driven active bydevices on the AIB wheinterruptservice by the 80960
is required. -AIB_INT(0) and -AIB_INT(1) can beoptionally pro-
grammed torequire the interruptinglevice to sipply an 8-bit interrupt
vector when the correspondin@fNTACK signal isdriven active. Also,
these two mputs can beised as direcinterrupt inputs with the gctor
being automatically supplied by the Vero chipAIB_INT(2) and
-AIB_INT(3) are alwaysused as direcinterrupt inputs with thevector
automatically being supplied by the Vero chip.

Whenoperating-AlB_INT(0) or -AIB_INT(1) in interrupt acknowl-
edgemode, the interrupimust becleared at itssource, AND theappro-
priate EOI to the interrupt controllenust beissued, orinterrupts
below that prioritization level will be locked out (see.3.1, “AIB INTO
End-of-Interrupt (EOIO)command” onpage 50 and 3.3.2, “AIB INTO
End-of-Interrupt (EOI1)}command” onpage 50).

-A_INTACK(1-0)

-AlIB Interrupt Acknowledge(1-O)are two separateutputsignals to the
AIB that arecoupled to each of theAIB_INT(0) and -AIB_INT(1)
signals. When adevice uses theAlB_INT(1-0) signals and thé/ero
chip is programmed to request &xternal vector, itmust becapable of
responding to the correspondingIB_INTACK(1-0) signal by driving
an 8-bit interruptvector onlines A_AD(7-0) during theinterrupt
acknowledgecycle.

-L_INT(1-0)

-Local Bus Interrupts(1-0) are two separatenterrupt inputsignals for
devicesthat mayreside on the_ocal Bus (orelsewhere).

These inputanust be heldactive until the interrupt has been acknowl-
edged by aead or write to arinterruptdevicestatusregister,which
clears theinterrupt at itssource.

M_INT(3-0)

-Miami Interrupts(3-0) are four encoded interrupt inputbat caninter-
face to theMiami chip. Thesesignalscorrespond taertaininterrupts
as shown in Table 12 opage 44. Ifunusedthesesignals should be
pulled up to+5V.

B_INT(3-0)

-Brighton Interrupts(3-0) are four encoded interrupt inputhat can
interface to the Brightorthip. Thesesignalscorrespond tacertain
interrupts as shown in Table 12 qqage 44. Ifunusedthesesignals
should bepulled up to+5V.

-WDOG

-Watch Dog Error can be used to provide asutputsignal to the
Miami chip when the watchdog timer interrupt isssued. It goes low
when B_INT(3-0)='0000".
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1.6.4 Vero Miscellaneous Signals

Table 4. Vero MiscellaneousSignals

Name Type Description

PD(11-8) and PD I PresenceDetect(11-8) and PD (6-Ojare used as dedicatetigital inputs
(6-0) to Vero. (seéb.1.1,"Presence DetedRegister(PDR)” on page 61).
-LED_EN 0] -LED Enableis a signaldedicated to enabling an external ligdhitting

diode for diagnostipurposes. (seb.1.2,“"LED EnableRegister
(LER)” on page 62).

PRI/-SEC_ADDR I Primary/-Secondary Address Selectis a dedicatednput for selecting the
address map on thieocal Bus for Vero. Thidgnput will allow for two
(2) Vero chips to be attacted to the CFE Bus. This pin should be
pulled up to +5 external to the chip in order to select gramary
address. This pinteould bedriven low external to the chip in order to
select the secondary address. Tgranary address mapvill be from
1FF00000 h talFF8FFFF h. Thesecondary address mayill be from
1FEO0000 h talFE8FFFF h. (se&.7.1,“Vero Primary and Secondary
Address Maplnformation” onpage 19).

Note: This spedists all addresses ggrimary addresses. Fogecondary
addresses uskEFExxxxx instead oflFFxxxxx.

1.6.5 Vero Clocks and Reset

Table 5 (Page 1 of 2)Vero Clocks and Reset

Name Type Description

L_OSC I Local Oscillator is the Local Busnput reference clock. Alinternal
functional non-overlappinglocks are derivedrom this oscillator. All
CFE Bus signals are referencedttas clock.

TST_CLKA I LSSD A _Clock is used during-SSD testing of the chip. This pin
should bepulled up to +5v external to the chip durimprmal opera-
tion.

TST_CLKB I LSSD B_Clock is used durind_SSD testing of the chip. This pin
should bepulled up to +5v external to the chip durimprmal opera-
tion.

TST_CLKC I LSSD C_Clock is used during-SSD testing of the chip. This pin
should bepulled up to +5v external to the chip durimprmal opera-
tion.

RAMTSTCLK LSSD Ram_Clock is used during-SSD testing of the chip. This pin
should bepulled up to +5v external to the chip durimprmal opera-
tion.

RAMTSTEN I Ram TestEnable is used to enable testing of the interir@AM's during
LSSDtest. This pin bould bepulled up to +5v external to the chip
duringnormal operation.
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Table 5 (Page 2 of 2)Vero Clocks and Reset

Name Type Description

DI I Driver Inhibit is used to tri-state all I/O andutputs of thechip. This
pin should bepulled up to +5v external to the chip duringprmal
operation. This pin igied low at thesame timethat the INCIRCUIT
TEST pin istied high to tri-state all internal off chigdrivers.

ICT_EN I In-Circuit Test places the chip in an I/@apping mode foin-circuit
testing (seéAppendix D, “In-Circuit Test I/OMapping” onpage 81).
This pin should bepulled up to +5v external to the chip durimprmal
operation. TheDRIVER INHIBIT pin must betied high to put the
chip into ICT mode.

COMP_RES I Compensation Resistoris a chip inputused to adjust thepeed of all
internal off-chip drivers. This signal should bgulled up to +5v
through a 909 +/- 1% ohmesistor.

-RESET I Resetis the resetnput signal to thechip.
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1.7 Vero Register Address Map

The memory map of all registeexddressablavithin the Veromodule is showrbelow. Detailed information
is found in theindicated section.Eachregister is 4 byte aligned in the addregsace andsould beaccessed
using 80960 'word' loadld) and 'word'store (st) instructions.

All registers, wherread,will return '0'values inthose bitsthat areundefined for aspecific register.

At the end of eachegisterdescription sectionthat registersRESET conditions are shownRESET
COMMAND refers to thevaluethat theregisterbits assume if a DMA channel igeset using either the
DMA ChannelCommandRegister (se@.2.2,"DMA ChannelCommandRegister§DCCR 0-7)” on
page 26) or theslobal DMA CommandRegister (se.2.3,“Global DMA CommandRegister(GDCR)”
on page 27).Also, a 'U' in the "Reset Conditions'ectionmeansundefined, and an 'Sheans thevalue
stays thesame as before theesetcommand.

1.7.1 Vero Primary and Secondary Address Map Information
This documenwill only reference therimary addresses for th¥ero registers. Therimary and secondary
addresses for th¥ero registers are:

Primary Address Map: 1FF8000 h to 1FF8FFFF h
Secondary Address Map:  1FE8000 h to 1FE8FFFF h

Table 6.Vero DMA Registers
Name Local Bus Access Section
Address Type
DMA Channel 'x'AIB_ADDR 1/2 1FF8x000h riw 2.2.7
DMA Channel 'x' AIB_OP1Data 1FF8x004h riw 2.2.8
DMA Channel 'x' AIB_OP2Data 1FF8x008h riw 2.2.9
DMA Channel 'x' MemoryPointer 1FF8x00Ch riw 2.2.4
DMA Channel 'x' Transfer/Queu€ount 1FF8x010h r/w 2.2.5
DMA Channel 'x' Chain Pointer 1FF8x014h r/w 2.2.6
DMA Channel 'x' Channel Control 1FF8x018h r/w 221
DMA Channel 'x' Queudrail Pointer 1FF8x01Ch ro 2.2.10
DMA Channel 'x'"Command 1FF8x020h r/w 2.2.2
DMA Channel 'x' Queuing 1FF8x024h riw 2.4
DMA Channel 'x' Interrupt Status 1FF8x028h ro 251
DMA Channel 'x' FifoResidualCount 1FF8x02Ch ro 2.6.1
Global DMA Command 1FF88000h r/w 2.2.3
Local Bus Configuration 1FF88008h riw 2.6.2
Queuing Status 1FF8800Ch riw 2.4.2
Note: 'x' = DMA channelnumber.
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Table 7.Vero InterruptRegisters
Name Local Bus Access Section
Address Type
InterruptInitialization 1FF88010h riw 3.2.1
Interrupt Mask 1FF88014h riw 3.2.2
Interrupt Status 1FF88018h ro 3.2.3
AIB INTO End-of-Interrupt 1FF89000h wo 3.3.1
(command
AIB INT1 End-of-Interrupt 1FF8AO000hA wo 3.3.2
(command
Table 8. Vero AIB Registers
Name Local Bus Access Section
Address Type
Chip SelectDefinition 0 1FF8B000h riw 4.2.1
Chip SelectDefinition 1 1FF8B004h riw 4.2.1
Chip SelectDefinition 2 1FF8B008h riw 4.2.1
Chip SelectDefinition 3 1FF8B0O0Ch riw 4.2.1
Chip SelectDefinition 4 1FF8B010h riw 4.2.1
DMA Acknowledge PulséwVidth 0 1FF8B030h riw 4.2.2
DMA Acknowledge PulseéwVidth 1 1FF8B034h riw 4.2.2
DMA Acknowledge PulséwVidth 2 1FF8B038h riw 4.2.2
DMA Acknowledge PulséwVidth 3 1FF8B03Ch riw 4.2.2
DMA Acknowledge Pulséwidth 4 1FF8B040h riw 4.2.2
DMA Acknowledge PulséVidth 5 1FF8B044h riw 4.2.2
DMA Acknowledge PulséVidth 6 1FF8B048h riw 4.2.2
DMA Acknowledge PulseéwVidth 7 1FF8B04Ch riw 4.2.2
AIB Command/Status 1FF8C000h r/w 423
Table 9. Vero Miscellaneous Registers
Name Local Bus Access Section
Address Type
Presencédetect 1FF8DO000h ro 5.1.1
LED Enable 1FF8D004h r/w 5.1.1
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2.0 Vero DMA Controller

2.1 General
The functions of the DMAportion of theVero module arehighlighted below.

. 8 independent DMA channels

« split busimplementation(32-bit AIB Bus to 32-bitLocal Bus)

« support of8/16/32 bit AIB Busdevices
16 byte buffer perchannel
16 byte burstcapability onLocal Bus (57MB/s peak bandwidth)
32-bit 4GB addressability ohocal Bus

« 16-bit 64KB addressability on AIB Bus for AIBOP's

- separate DREQ anBACK signals foreach DMA channel
programmableDACK cycle time
64KB byte countcapability
8 word descriptor block foeach channel
linked list chaining ofbuffers on allchannels
chainingsupport forend-of-process and terminabuntcondition
buffer queuing (up to 4K-Ibuffers) on allchannels
automaticstorage of residual transfeount onchain event
automaticstorage of AIB OP reads oahain event
up to 2 programmable auto 1/O operations on chawent
7 interruptsources for each channel

Each of the 8 DMAchannels are of equal functiorEach channel can be programmedstopport data
transfer, 1)from the AIB Bus to the Local Bugreceive) or, 2Yrom the Local Bus to the AIB Bus
(transmit). Theservicepriority is fixed with CHO having highest priority and CH7 having lowest priority.

Each channel isontrolled by an 8 word Chann&escriptor Tablg(CDT). Theprogram normallywrites
the desired CDT register values to memaggsident structuresalled ChannelDescriptor Blocks(CDB's).
The program themvrites the starting address of a CDB to tQeieuingRegister (se.4,“Queuing Opera-
tion (NOT Supported)” onpage 36). Atthis point, the CDB isautomaticallyfetchedfrom memory and
loadedinto theCDT. Chains ofCDB's arelinked using thisqueuing mechanismAlternately, the CDT
registers can b@rogrammedirectly.

Once enabled, a channeill service DMA requestdfrom the AIB Bus until one of amumber ofprogram-
mable conditions iseached. If the DMA channel isrogrammed to stop on one tiese conditions, the
channel can be re-enabled withnaite to theChannel ControRegister(CCR), or byqueuing another
buffer. Any conditionthat can stop thehannel caralsointerrupt the80960. Also, the channel has the
ability to interrupt without stopping thehannel. All of theoptions are programmable in the CCR and are
described later.

The two types of DMA requestdhat comefrom the AIB Bus can belassified as aransmitrequest(TR)
or a Receive requegRR).

Once a TR is received, the DMAontroller arbitrates focontrol of the Local Bus, and whegranted
control, bursts 1@ytes of datdfrom memory intothat channel's=IFO buffer. The data is then transferred
to the requestinglevice across the AIB Busntil the FIFO buffer isempty. Thisallows data transfer to the
AIB device tooccur in the background of Local Buetivity.

For a receive DMAchannel, the DMA controllewill receive up to 16bytes of data across the AIB Bus. It
then arbitrate for control of the Local Bus. Ongeanted, the DMA controller bursts all 16 bytago
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memory. This,again, allows data transférom the AIB device tooccur in the background of Local Bus
activity.

DMA FIFO Buffer: As mentioned above, dataansferfrom Local Bus to AIB Bus is nodirect, butrather,

is buffered in a set of fifo's.There is a 16 byteleepfifo associated with each DMA&hannelthat acts as an
intermediate storage area fdata. Thefifos support highspeedaccess sahat allaccesses to theocal Bus
will move datainto and out of thefifos instead ofdirectly to the AIB Bus,which mightsupport onlyslower
devices. This allows alLlocal Bus DMA datatransfer initiated by Vero to be high spebdrstedaccesses.
The fifo's are configureduchthat AIB Busaccesses andocal Busaccesses canccur simultaneously. One
DMA channel can be performing a read write on the AIB Bus, while at theame timeanother channel is
performing a read or write on thieocal Bus.

2.2 Channel Descriptor Table

Table 10 shows the organization of the channel descriptor table for one of the PiMAnels. This table is
duplicated for each of the 8 DMA channels. The tablests in theaddress space of tH#0960 and is acces-
sible via32-bit 'load' and 'store’ typastructions.

Table 10.Vero Channel Descriptor TabléCDT)
Register Name Local Bus Valid Bits
Address
QueueTail Pointer(QTP) 1FF8x01Ch 31-0
Channel ControRegister(CCR) 1FF8x018h 21-0
Chain PointerRegister(CPR) 1FF8x014h 31-0
QueueCountRegister(TQC) 1FF8x010h 27-16
TransferCountRegister(TQC) 1FF8x010h 15-0
Memory PointerRegister(MPR) 1FF8x00Ch 31-0
AIB OP2 DataRegister(AIB_OP2) 1FF8x008h 31-0
AIB OP1 DataRegister(AIB_OP1) 1FF8x004h 31-0
AIB OP2 Address RegistgfAIB_ADDR2) 1FF8x000h 31-16
AIB OP1 Address RegistgfAIB_ADDR1) 1FF8x000h 15-0
Note: 'x' = DMA channelnumber.
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2.2.1 Channel Control Register (CCR)

Description: The CCR registecontrols the operational personality for a DMA channel.

Register Format

(80960 Address = 1FF8x018h) riw X = channel #

5 14131211109 8 7 6 5 4 3 2 10

channel  channel  channel ~ channel
stopping | interrupt | chaining | definition | ]
options options | options | options | ]

STP|STP|STP|INT |INT |INT |LCH|LCH|LCH| PORT |EOP|EOP| TR|+T/ |EN/
21110210 |2]|1]0|SIZE |DIR|AEN|SYN[-R |DIS

31 30 22 21 20 19 18 17 16
AIB AIB
| write |  operation |
Reserved [control] ~ control |
GEN WR WR OP| OP|#0 |#0
STA Reserved 1| 0] #2| #1|OPS|OPS

Bit Descriptions

Bit 31. General purposstatus bit. This bit can be used for any applicatiependent purpose. It has

no function internal to the chip. It ispdated by I/Owrites, andduring list chainingfetches.
Bits 30-22. Reserved. Alwaygrogramthese bits to '0'.

Bits 21-20. These two bits are encoded todicatewhat datawill be written to the AIB Bus on the
second of two AIBOP's, if thefirst of the two AIB OP's is aread.

B21  B20

0 0 -- Write the value of AIB_OP2 Data Register

0 1 -- Write the value that was read on first OP

1 0 -- Write the complement of value read on first OP
1 1 -- Reserved

Bit 19. AIB OP #2, read or write. This bit isoupled with bits 16 and 17. efines thesecond 10
operation to the AIB Busfter achain event to be a read arrite. 0 = read. 1 = write. If the

operation is awrite, the datawritten isdefined bybits 20 and 21 of th&€CR. If theoperation is aread,
the data will bestored inmemory.

Bit 18. AIB OP #1, read or write. This bit isoupled with bits 16 and 17. Idefines the first 10
operation to the AIB Busfter achain event to be a read arrite. 0 = read. 1= write. If the
operation is awrite, the datawritten isdefined bybits of the AIB_OP1 register. If theoperation is a
read, the datavill be stored inmemory.

Bits 17-16. Number of IO operations to AIB Busipon chain event. These two bits are encoded to
provide the DMA controller with the ability to execute up todiscrete |Ooperations to the AIB Bus
following the recognition of a chain event. Thaddress tovhich thefirst IO operationoccurs isdefined
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by bits0-15 in theAIB_ADDR 1/2 register. The address twhich the second IQperationoccurs is
define by bits16-31 in theAIB_ADDR 1/2 register.

00 = No IO operation upon chain event.
01 = One IO operation upon chain event.
10 = Two 10 operations upon chain event.
11 = Reserved.

« Bit 15-13. Encoded DMA channel stopping options.

STP2 STP1 STPO  Stopping Option
Do not stop
TC=0

EOP

TC=0 "or" EOP
Reserved
Reserved
Reserved
Reserved

PORPRPOPFRPORFrO

When achannel is stopped, the CCé&nable/disable bit is reset. Also, a chainiognditiontakes preced-
ence over astopping condition if both occur at the same tigsiace thechainingconditioncauses a new
CCR enable/disable bit to be fetché®m memory.

« Bit 12-10. Encoded DMA interrupt options.

INT2 INTL INTO  Interrupt Option
0 Disabled
1 TC=0

0 EOP

1 TC=0 "or" EOP
0 Reserved
1 Reserved
0 Reserved
1 Reserved

- Bit 9-7. Encodedlist chaining enablingptions.

LCH2 LCH1 LCHO  Chaining Option
Disabled

TC=0

EOP

TC=0 "or" EOP
Reserved
Reserved
Reserved

NOP

POPRPOPFPORFrO

The chaining NOP selection, when detected, immediately causesetkteCDB in memory tdetched
without processing the CDRontaining the NOP.

- Bit 6-5. DMA port size. These two bits define the dafeort size of the DMA device.
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PS1 PSO Data Port Size

PR oo
ROoRr o
w
&}
=N
=

Reserved

Bit 4. End-of-Process direction control. If this bit is set to a '1', the E€ighal is aninput. If this bit
is set to a '0', the EOP signal is autput.

If the channel is a transmit DMA channel, atids bit is '0', then the EORignal isdriven synchro-
nously with the last byte transferred wha@C=0. For atransmit channel, ithis bit is '1', then EOP is
an asynchronous input that caausing chaining based on how bits 7-9 agregrammed. Asynchronous
EOP'smust onlyoccur on 16-bytéboundaries for TXOMA.

If the channel is aeceive DMA channel, and this bit is '0', then the EGRynal is disabled as aimput.
For a receivechannel, if this bit is '1', then EOP is dnput that cancausing chaining based on how bits
7-9 are programmed.

Bit 3. EOP asynchronous inpe&nable. Whenthis bit is set to '1' the Vero chip is enabled to detect an
asynchronous EOP inputWhenreset, the chipill not detectasynchronous EOP inputs. Th&ero
chip is ALWAYS enabled to detectynchronous EOP inputs.

Bit 2. DMA transfersynchronizatioroption. Whenthis bit is set to '0' all DMA transfers argynchro-
nized by the DREQnput pins of the Vero chip. The DREQignalmustbecomeactive for a DMA
transfer to occur.Whenthis bit is set to '1' DMA transfers are nsynchronized to the DRE@put
pins. DMA transferswill begin assoon as the CCR bit O isnabled andwill continue until a channel
stopping condition iseached.

Bit 1. -Receive/+transmiindicator. 0 = channel iservicing receive DMArequests; 1 =channel is
servicingtransmit DMA requests. Foreceiverequests, data transfer is FROM AIB Bus Ti®cal Bus.
For transmitrequests, data transfer is FROMcal Bus TO AIB Bus.

Bit 0. +Enable/-disablehannel. 0 = channalisabled toservice DMA rrequests; 1 =channel enabled
to service DMArequests. This bit can be used to disable thannel at any time. Re-enabling the
channelwill cause the DMAoperation tostart where itleft off. Also, anyprogrammingoption that
disables thechannelwill be reflected inthis bit. This bit isupdated with itscorresponding bit duringjst
chaining readérom memory. This bit caralso be set/reset via tHeCCR. (see2.2.2;DMA Channel
CommandRegister§DCCR 0-7)” on page 26)

If queuing isdisabled in theLBCR (see2.6.2,“Local Bus Configurationregister(LBCR)” on page 42),
then this bit can not be set unlessan-zerovalue hasbeenpreviously written to theQueueCount
portion of the TQCregister (see 2.2.5Transfer/QueueCount Register(TQC)” on page 29).

Note: This bit or bit 0 of the DCCRregistersalone should not besed as a status bit to determine if
Vero is disabledstopped, oreached the end of a chain. Instead the user should use both bit 31 and bit
0 of the CCR to determine the status of Vero durinljn&ed list chaining. The following is arexample
assumingthat bit 31 and bit 0 of the CCR are set in the m&lbB's and areeset in thedummy CDB's

Bit 31 Bit O Vero status

1 1 Running
1 0 Chaining
0 0 Stopped.

Reset Conditions

POWER-UP: U000 0000 0OUU UUUU 0000 0000 OUUL OUUO
RESET COMMAND: S000 0000 00SS SSSS SSSS SSSS SSSS SSSO
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2.2.2 DMA Channel Command Registers (DCCR 0-7)

Description: The DCCR supports two commands. Onalows for the bit manipulation of the CCR
enable/disable bit. This bit allows CCR bit 0 to be set/regghout affecting theother CCRbits. A second
commandallows internal logic to be reset to &nown state if an errorcondition causes ahannel tostop
beforecompletion. A gparatecommandregister exists tacontrol each DMA channel. The command to
enable a channel should not Bsued with thesamewrite that releases thehannel from aesetcommand.

Register Format

(80960 Address = 1FF8x020h) riw X = channel #

31 21 0
Reserved RES|DIS

Bit Descriptions
Bit 7-2. Reserved. Always read as '0".

Bit 1. Reset channetommand. Setting this bit to '1' causes @hannel to bereset asshown by the
ResetCommand foreachregister. Thechannel is held in theesetstate until the bit is set back to '0'.

Bit 0. Disable channetommand. Bit 0 = 'Odefines thecommand todisable thechannel. Bit 0 = '1'
defines thecommand toenable the channel. Bit 0 of th€é CR, if read,will reflect a disablecommand if
it is issuedthrough theDCCR.

When achannel isdisabled, any internally pendingperations are performebdefore thechannel stops
servicing DMA requests.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0000 00SO
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2.2.3 Global DMA Command Register (GDCR)

Description: The GDCR allows twocommands to beassued globally to all DMAchannels at once. It
allows all DMA channels to béstopped' with one command or all DMA&hannels to baeset with one
command. The 'stoppedtate of each channel igflected in theEN/DIS bit of the CCR. The command
to re-start all channels should not lesued with thesamewrite that releases allchannels from areset
command.

Register Format

(80960 Address = 1FF88000h) riw

31 21 0
Reserved RES|STP

Bit Descriptions
Bits 7-2. Reserved. Always read as 0.

Bit 1. Reset all channelsommand. Setting this bit to '1' causes all ththannels to beeset asshown

by the ReseCommand foreachregister. Allchannels are held in theesetstate until the bit is set back
to '0".

Bit 0. Stop all channelsommand. Ifwritten to a '1' all channels are stopped. If written to a '0" all
channels are re-started.

When achannel is'stopped’, allinternally pendingoperations are performebefore thechannel stops
servicing DMA requests.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0000 00SO
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2.2.4 Memory Pointer Register (MPR)

Description: The MPR contains the 32-bltocal Busaddress of the next data byte to BdMA'ed. There
are no alignment restrictions on tleldresprogrammed intdhis register.

Register Format

(80960 Address = 1FF8x00Ch) riw X = channel #

31 0

Memory Poainter

Reset Conditions

POWER-UP: UUuU UUuUU UuuUU uuuu Uuuu uuuu uuuu uuuu
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS
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2.2.5 Transfer/Queue Count Register (TQC)

Description: The TQC registercontains two separateount values. Bits 0-15contains the current DMA
transfercount in bytes. Valuesfrom 0001h toFFFFh can berogrammed. Thiallows DMA transfers of
from '1l' to'64KB-1' to betransferred. Thigegister isautomaticallysavedinto memory when ahain event
occurs. This isshown inFigure 2 onpage 34.When areceive DMA channel has been programmed with a
port size of 32-bits, transfeccountvalues 0001h, 0002h and 0003h dtegal and should not bprogrammed.
When areceive DMA channel has been programmed wittpart size of 16-bits, a transfecount value of
0001h isillegal and $ould not be programmed.

For a transmit DMA channel, a TC=0 condition &ways defined as the transfepuntvalue goingfrom
0001h to 0000h. For aeceive DMA channel, a TC=0 condition depends on thert size. For a32-bit
port aT C=0 condition is when thdransfercountvalue isless than 4. For 46-bit port a TC=0condition
is when the transfecount value isless than 2. For a®-bit port a TC=0 condition is when thetransfer
countvalue is 0000h.

Bits 16-27 ofthis registercontains acount of the number o€DB's that have beemueued by the Queuing
Register(QR). Thisallows up to'4K-1'(or'FFF'h)CDB's to bequeued per DMA channelEach time the
QR is written, thisregister isincremented by one.The queue count should never be allowed to increment

from 'FFF'h to '000'h. Each time a CDBfinishes processing (atop condition or achain conditiondefines

the end of a CDB}his register isdecremented by oneSoftwaremustinitialize the QueueCount to'000'h if

gueuing is enabled in theBCR (see2.6.2, “Local BusConfigurationregister (LBCR)” on page 42). If

gueuing isdisabled in theLBCR then theQueueCount must bewritten to anon-zerovalue or the CCR

enable/disablavill not be able to be set to '1' tenable the DMA channel.

If the queue countegisterequals'0001'h and a chaievent occurs, iwill decrement to '0000'h. This means
that another CDB has ndieen queuedast enough. Inthis case, thechannel is automatically stopped and
an error interrupt (queuenderrun) is posted.

Register Format

(80960 Address = 1FF8x010h) riw x = channel #

31 28 27 16 15 0

Reserved Queue Count DMA Byte Count

Reset Conditions

POWER-UP: 0000 UUUU UUUU UuUuU uuuu Uuuu uuuu uuuu
RESET COMMAND: 0000 SSSS SSSS SSSS SSSS SSSS SSSS SSSS

Note: Neverwrite a zero value to the DMA byteount portion, eithedirectly or by linkedlist chaining.
Also, anon-zerovalue must bewritten to the DMA bytecount portion ofthis register for all DMA chan-
nels whenever hardwarereset haoccurred.
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2.2.6 Chain Pointer Register (CPR)

Description: The CPR contains the 32-b#ddresspointer that points to the memorpcation where the
DMA controller will fetch the CDB for the next buffer when hain event occurs. The lower 2 bits of this
register siould always beprogrammed to '00' so that thehain pointer is 4 bytaligned. The following two
conditions define a chaining event.

1. terminalcount hasbeenreached andist chaining for terminakount isenabled in theCCR,
2. an End-Of-Process condition has occurred &stdchaining for end-of-process is enabled in tBER.

Note: The CPR shouldalways point to avalid memorylocation. This location should contain \alid
"dummy" CDB with the channel control set &top thechannel andlisable listchaining.

Register Format

(80960 Address = 1FF8x014h) riw x = channel #

31 0

Chain Pointer

Reset Conditions

POWER-UP: UUuU UuuUU UuuUU uuuu Uuuu uuuu uuuu uuuu
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS
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2.2.7 AIB Address 1/2 Register (AIB_ADDR 1/2)

Description: The AIB_ADDR 1/2registercontains two separate 16-tatddresdields. Bits 0-15defines the
first AIB address of two possible I/@perationsthat thehardwarewill perform when a chain event occurs.
Bits 16-31 defines thesecond AIB address of two possible |/@erationsthat the hardwarewill perform
when a chain event occurs. THiest operation(read or write) is directed at the address definedblitg 0-15
of this register. For a writeoperation, the data idefined by the value in th&IB_OP1 DATA register. For
readoperations, the dateead is stored in memory at the CP&lidresg(the first address of the nex€DB).
Also, since the AIBsupports anl9-bit (512KB) address spaceajeviceswhich use this featurenust reside
within the lower 64K of the512K AIB address space. The secoogeration(read or write) is directed at the
address defined byits 16-31 of this register. Thisoperation is thesame as thdirst exceptthat the data
written to the AIB isthat contained in theAlIB_OP2 DATA register or may be gre-definedfixed value, as
defined in CCRbits 20-21.

Register Format

(80960 Address = 1FF8x000h) riw x = channel #

31 16 15 0

2nd AIB_OP Address 1st AIB_OP Address

Reset Conditions

POWER-UP: UUuU UuuUU UuuU uuuu Uuuu uuuu uuuu uuuu
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS
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2.2.8 AIB_OP1 DATA Register (AIB_OP1)

Description: The AIB_OP1lregistercontains the datéield of the first of twooperationsupon achain event.
When achain event occurs, the DMA controller can peogrammed to perform up to two 1/O operations
to any AIB Bus address in the lower 64K of the AIB address space. fireeoperation(read or write) is
directed at the address defined bits 0-15 of theAIB_ADDR 1/2 register. For a writeoperation, the data
is defined bythis register.

Register Format

(80960 Address = 1FF8x004h) riw X = channel #

31 0
1st AIB_OP Data

Reset Conditions

POWER-UP: UuuU Uuuy Uuuu uuuu uuuu uuuu uuud uuuu
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS

2.2.9 AIB_OP2 DATA Register (AIB_OP2)

Description:  The AIB_OP2registercontains the datdield of the second of two operationapon achain
event. When achain event occurs, the DMA controller can lpeogrammed to perform up to two /O
operations to any AIB Busddress in the lower 64K of the AIB address space. The seopedation(read
or write) is directed at the address defined thiys 16-31 of theAIB_ADDR 1/2 register. For a writeopera-
tion, the data iglefined bythis register or may be @re-definedfixed value, as defined byits 20-21 of the
CCR.

Register Format

(80960 Address = 1FF8x008h) riw x = channel #

31 0
2nd AIB_OP Data

Reset Conditions

POWER-UP: UUuU UUuUU UUuUU uuuu Uuuu uuuu uuuu uuuu
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS
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2.2.10 Queue Tail Pointer Register (QTP)

Description:  The QTP registecontains the starting memorgddress of the last CDBhat was queued by
the QR (see 2.45Queuing OperatiofNOT Supported)” onpage 36). Thehardware manages thregister
so that it cankeep track ofCDB's that are to beprocessed by the DMA controller. This is a read only
register.

Register Format

(80960 Address = 1FF8x01Ch) ro X = channel #

31 0

Queue Tail Pointer

Reset Conditions

POWER-UP: UuuU Uuuu Uuuu uuuu uuuu uuuu yuud uuuu
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS
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2.3 Linked List Chaining (LLC)

The Vero DMA controllersupports afeature known aslLinked List Chaining [LC), sometimescalled
scatter/gatheDMA. This feature allows thgarogrammer tocreate, inmemory, lists of different databuffer
areas and buffecounts(CDB's) that can beautomatically reloaded to the CDafter aterminal count or
end-of-procesgondition for the present datauffer hasoccurred. The channel can optionally interrupt or
not interrupt theB0960 when any ofhese conditions has occurred. Also, the DMA channel can independ-
ently bestopped or not stopped #tis point. In additioncertaincontrol information for the channel can be
changed during the chainimgperation.

Within the CDT, a 32-bit addresgointer (CPR) ismaintained. This points to a CDB in memory. At the
time of terminalcount or end-of-process detection, if linkelist chaining is enabled, the hardwavell do
three memorywrites followed by seven memory reads startingtlis chainpointer address. It storemto
memory the present DMA transfer bytwount, and any dataead from the AIB Bus by AIB_OP1 or
AIB_OP2. It thenfetches seven newords of CDB information agletailedbelow. At the end of this
operation, the CPR in the CDWill be the CPRvaluethat wasjust readfrom the CDB in memory. This
address is the starting address of the next CDB in the chain. This provideschanism tooff-load the
80960from processing DMAterminalcount orend-of-process interrupts. In theory, thist of buffers could
occupy anyamount of freememory. This concept idetailed inFigure 2. Note: Make sure thalinked list
chaining does not load a DMA bytount ofzero.

MEMORY
31 0
CPR + <24h> --eeeee > ---<Channel control>
--<Chain pointer>
--<DMA byte count>
— Next —
Buffer's ---<Memory pointer>
— CDB —
—--<AIB_OP2 data>
—--<AIB_OP1 data>
CPR + <0Ch> ---emem-- > --<AIB_ADDR 2/1>
--<AIB_OP2 read data>
— Previous —
Buffer's —-<AIB_OP1 read data>
— Status  —
CPR + <00h> --s------ > -~-<DMA byte count>
(current CDT)

Figure 2. LinkedList Chaining
Please noteghat thehardwarewill alwaysperform the three memorwrites regardless ofvhether theoption

to do readsrom the AIB is chosen. If thioption is notchosen the data written tthese twofields will be
indeterminate.
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2.3.1 Linked List Chaining/Stopping Matrix

The CCR provides mangifferent options forlinked list chaining and stopping DMA channels (se.1,
“Channel ControlRegister CCR)” on page 23). Thechainingoptions and the stopping optiomsust be
looked at together to determine the action a DMA chantadédles when these conditions aemcountered
during DMA channel execution. The matrix belodescribes how a DMAchannel operates for gllossible
combinations ofthaining and stoppingptionsbeingprogrammed into th€ CR.

Summary: If chaining is disabled, the DMAchannel is stopped by the programmeption. If chaining is
enabled, thestop programming options aignored unless th@rogrammed stopption isdifferent from the
programmedchaining option. Thestate of the CCR enable bit in a memory CDB determines whether a
DMA channel remains enabled dlisabled after the chainingperationoccurs.

STOP OPTIONS

DO NOT
STOP  TC=0 EOP TC=0|EOP
DISABLED 1 2 2 3
TC=0 4 4 5 5
CHAIN
OPTIONS
EOP 6 7 6 7
TC=0[EOP 8 8 8 8

Figure 3. CCR Chaining/Stoppingatrix

DMA channeldetects TC=0 butontinuesDMA'ing data to the next MP Raddress.

DMA channel stopservicing DMA requests whermondition isdetected.

DMA channel stopservicing DMA requests when eitherondition isdetected.

DMA channel stopservicing DMA requests when TC=0 is detected, performs chaimipgration, then

is either re-enabled or stays disabled based on new CCR enaltleabitschained in.

5. DMA channel operates as i), but will stop servicing DMA requests,without chaining, if EOP is
detected.

6. DMA channel stopservicing DMA requests when EOP is detected, performs chaimipgration, then
is either re-enabled or stays disabled based on new CCR enaltleabitschained in.

7. DMA channel stopsservicing DMA requests when EOP is detected, performs chaimipgration, then
is either re-enabled or stays disabled based on new CCR enabilealitschained in. If TC=0 occurs,
the DMA channel stopservicing DMA requests with no chaining.

8. DMA channel stopservicing DMA requests when eitharondition isdetected, performs chainimpera-

tion, then is eithere-enabled or stays disabled based on new CCR enabt&ditischained in.

PR
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2.4 Queuing Operation (NOT Supported)

The Vero DMA controller supports hardware management of dataffers. This isdone through the
QueuingRegister(QR). The QR is aread/writecommandregister. There is onephysical QR for all eight
DMA channels. However, theegister iswritable at eightdifferent addresses by the 8096@&ach different
address defines queuing operation for aeparate DMA channel.

The data written to the QRlefines apointer into memory. This pointer points to the next CDB to be
linked on to achain of CDB's. Only the mostsignificant 30bits of the QRpointer isdefined as an address.
This means the pointewill always be addressing the next CDB on a 4 blytaindary.

Softwaremust use the QR tdnitialize a DMA channel as well as to queue anoth@PB. Also, thequeue
count registerwithin the TQC registermust bewritten to zero at initialization. Queuing operation can be
optionally disabled in theLBCR (see2.6.2, ‘L.ocal Bus Configuratiomregister(LBCR)” on page 42). Ifthis
is done, the queueount registerwithin the TQC registermust bewritten to anon-zerovalue at initializa-
tion.

The QR is a singleesource shared by all DMA channels. In orderi¢sue aqueuingcommand, thesoft-
ware mustfirst poll the QR Busy bit, bit 0 of of the QR. If this bit is setindicates thequeuing resource
is currentlyowned by anotheprocess. Thisneans either the hardware is novaiting for a write to the QR
or the hardware igprocessing a recentlqueuedCDB. In eithercase thesoftware must wait (usually by
polling) until the Busy bit isreset. If the software reads the QBuUSY bit reset, thehardware automatically
sets it(atomic operation) to lock out all other queuimgquests. The software thewrites the QR, and the
command isexecuted. Typical latency tperform a queuing operation should bess than 2microseconds.
After completing thequeue operation the hardwardll reset theBusy bit. If anotherwrite to the QR is
detected itwill cause aQueuing Error interrupt to th&0960. Thependingcommandwill execute and the
requesteccommandwill be ignored.

The hardwarewill perform threedifferent operations depending on thealue of thecurrent queuecount
when a queuing operatiotakes place.

Queue Count = 0: The hardwardetches acomplete CDB from memory at thaddresswritten to the QR.
This is actually the identicabperation of alist chaining event. It consists & Local Buswrites followed by
7 Local Busreads. The CDB offset in memorsnust account for the 3vrites. |If linked list chaining is
enabled for thefirst queuedCDB, the CPRaddress value ofhat CDB diould point to a pe-determined
'null' CDB. This 'null' CDB provides thefirst CDB with an area tosave the'write' information that is
stored during linkedist chaining. Also, the CCR value of thaull' CDB should be '00000000'h tguar-
anteethat thechannel isdisabled after the linkedist chainingoperationtakes place.

Queue Count = 1: The hardwarewrites the address valuaritten to the QRdirectly into theinternal Chain
Pointerregister. NoexternalLocal Bus operationtakes place. Théardware alsavrites the QR address
valueinto the QueueTail Pointerregister.

Queue Count > 1. The hardwarewrites the address valugritten to the QRinto the CPRIlocation of the

CDB pointed to by the QTRddress value. This consists dfLocal Buswrite operation. The hardware
then writes the QR address valirdo the QueueTail Pointerregister.
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2.4.1 Queuing Register (QR)

Description: See 2.4;'Queuing OperatiofNOT Supported)” onpage 36.

Register Format

31 2 1 0
Queue Pointer Address QR
(30 bits) (write only) x |BUSY|

Note: Queue PointeAddessfield is awrite only field. Invalid address is returned when read.

DMA channel 0 queuin@ddress 1FF80024h
DMA channel 1 queuin@ddress 1FF81024h
DMA channel 2 queuin@ddress 1FF82024h
DMA channel 3 queuin@ddress 1FF83024h
DMA channel 4 queuin@ddress 1FF84024h
DMA channel 5 queuin@ddress 1FF85024h
DMA channel 6 queuin@ddress 1FF86024h
DMA channel 7 queuin@ddress 1FF87024h

Reset Conditions

POWER-UP: Uuuu Uuuu Uuuu uuuu uuuu uuuu uuuud uuoo
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SS0S

Note: The reset values indicatembove is forDCCR commandreset.When using GDCRcommandreset
the hardware alsoeset theBUSY bit 0.

Queuing Flow Example:

1.

Softwaremustwrite the queue counibits 16-27 of theTQC) = '0000'h. Thistells the hardwarethat 0
CDB's have so far beequeued

Software sets up thiérst CDB in memory.

Software now checks for free QR by reading 8€SY bit.

a. If not busy, go to 4 (hardwargetsbusy bit)

b. If busy, goto 3

Software writes QR. The valuaritten is anaddresgointer the next CDB in memory to be queued.
Hardwareexecutecommand.

Hardware esetsbusy bitupon completion
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2.4.2 Queuing Status register (QSR)
Description:  The QSR can be read to interrogate the QR Busy whithout risk of setting it aswould
normally occur during a queuingperation. Also, a write to thisregister address with any datéll cause the

QR busy bit to beeset.

Register Format

(80960 Address = 1FF8800Ch) rfw

31 10

Reserved BUSY

Bit Descriptions
- Bits 31-1. Reserved.

. Bit 0. QR Busy bit. This bit, wherset, indicategshat a QR operation icurrently in process.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 000O
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0000 000S

Note: The reset values indicatembove is forDCCR commandreset.When using GDCRcommandreset
the hardware alsceset theBUSY bit 0.
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2.5 DMA Interrupts

Each of the 8 DMAchannels has 7 possible sourcedrderrupts to theB0960. Ofthese 7, two arelassified
as 'normal terminationhterrupts andfive are classified aserror' interrupts. Normal termination interrupts
are maskable in the CCR and error interrupts are non-maskable.

Each DMA channel has fixed interrupt vectorassigned to it. These 8 interrupvectors are at priorityevel
8 within the 80960interrupt model. Theollowing vectors are assigned to the 8 DMahannels.

Table 11.Vero DMA ChannelVector Assignment
DMA Channel # Interrupt Vector #

0 71

70

69

68

67

66

65

64

N[Ol W[IN]|E

Each DMA channel has an interruptatusregister (see 2.5.IDMA Interrupt StatusRegisters(DISR)” on
page 40) associated with that isread during theinterrupt subroutine to determine the pending interrupt
status bits fotthat channel. This readlears all activestatus bits.
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2.5.1 DMA Interrupt Status Registers (DISR)

Description: Each DMA channel has a DMAnterrupt Statusregister (DISR) associated with it. This
statusregister is cleared wheread. Since Wifferent conditions cancause thdnterrupt, thismeans that it is
possible for multipleconditions to be present when the stategister isread. Howeversince the register is
cleared by the read, only onimterrupt will be presented to the80960. Therefore, the interrupservice

routine must becapable ofservicing all of thepending status bits.

Register Format

(80960 Address = 1FF8x028h) ro X = channel #

31 8 7 6 5 4 3 2 1 0
Reserved QE|QUE/LPR|LEX|APR| x |EOP|TCO

Bit Descriptions
Bit 31 - 8. Reserved.

Bit 7. QE. This is the queuing error status bit. It is set Wvate takes place to the QR while the QR
busy bit isset. Thependingcommandwill execute but the requestedmmandwill be ignored.

Bit 6. QUE. This bit is thequeue underrustatus bit. It is set when the quewgeuntdecrements from
'001'h to '000'hafter a linkedlist chainingoperationtakes place. This can baterpreted by software as
a completion indicatothat all requiredCDBs have completed, or as an error indicatitvat no CDBs
are currentlyqueued. Inthis case, thechannel is automatically stopped.

Bit 5. LPR. This bit, wherset, indicates &ocal Bus parity error has occurred when the DMA channel
was reading datérom the Local Bus. In thigzase, thechannel is automatically stopped.

Bit 4. LEX. This bit, whenset, indicates docal Bus exception error occurred. Thimppens when a
Local Busslave drives theExceptionsignal whileVero is the Local Bus master. In thisase, theVero
DMA channel is automatically stopped.

Bit 3. APR. This bit, whenset, indicates an AIB Bugarity error has occurred when the DMA
channel wageading datdrom the AIB Bus. In thiscase, thechannel is automatically stopped.

Bit 2. Reserved.

Bit 1. EOP. This bit, whenset, indicates an end-of-processndition has occurred for the DMA
channel. This bit is setipon detecting an EOPegardless of thestate of its correspondingnterrupt
enable bit.

Bit 0. TCO. This bit, whenset, indicates daerminal count condition has beemeached for the DMA
channel. This bit is setipon detecting a TCregardless of thetate of its correspondinmterrupt enable
bit.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 00OO
RESET COMMAND: 0000 0000 0000 0000 0000 0000 SSSS SO0SS
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2.6 DMA Miscellaneous Registers

2.6.1 DMA FIFO Residual Count registers (DFRCO0-7)

Description: The DFRCregister can beead when a DMA channel istopped orknown to beinactive to
determine how many bytes of data are in thB=O. Theregistercontains two 8-biffields, one ofwhich is
the value of the AlBsidecounter, and the other afhich is the value of th&. BUS side counter.

For a transmit DMA channel, theBUS side counterincrements as bytes are loadado the FIFO from
the Local Bus, and the AIBide counterincrements as these bytes are sent to the AIB Bus. Softwarst
subtract the AlBside countvaluefrom the LBUS sidecountvalue toobtain aresidualcountvalue of many
bytes arestill in the fifo waiting to besent to the AIB Bus.

For a receive DMAchannel, the AlBside counterincrements as bytes are loadado the FIFO from the
AlIB Bus, and the LBUSside counterincrements as these bytes are sent to ltbeal Bus. Softwaremust
subtract theLBUS side countvaluefrom the AIB side countvalue toobtain aresidualcountvalue of many
bytes arestill in the fifo waiting to besent to the Local Bus.

Register Format

(80960 Address = 1FF8x02Ch) ro X = channel #

31 16 15 87 0

Reserved AIB side count value LBUS side count value

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 000O
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0000 0000
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2.6.2 Local Bus Configuration register (LBCR)
Description: The LBCR enables variousptionsassociated with théocal Bus operation of thehip.

Register Format

(80960 Address = 1FF88008h) riw

31 28 27 2 1 0
GAID Reserved QE| PE

Bit Descriptions

- Bit 31-28. Gatearray ID. Thesebits, which are read only, read &000' forrevision 1 of the chip. The
Gatearray ID will NOT change for revision 2 of the chip.

- Bit 27-2. Reserved.

- Bit 1. Queuing enable.When reset,queuing operatiorthrough use of the Queuingegister (see 2.4,
“Queuing Operation(NOT Supported)” onpage 36) is enabled. When set, queuing is disabled.
Queuingdisabled allows for circular buffeoperationwhich is not possible whegueuing is enabled.

- Bit 0. Address/data parity enablé/Vhen set,address/data paritghecking on thd_ocal Bus is enabled.
When reset,address/data paritghecking on thelLocal Bus isdisabled. Address and data parity are
always generated on theocal Bus.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0000 00SS
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3.0 Vero Interrupt Controller

3.1 General

The general features of thaterrupt controller subsystem asthownbelow.

« 4 encoded interrupt inputs from thdiami chip

« 4 encoded interrupt inputs from the Brighton chip
2 separatenterrupt inputs from the Local Bugeserved)

5 separaténterrupt inputs from the AIB (1 higlpriority)

« support for bothvectoring andnon-vectoring AlBdevices
programmablesingle ordouble(8259type) IACK pulse
programmabld ACK pulse width
programmable interrupmasking of the Local Bus
programmable interrupmnasking of the AIB Busnputs

The Veromodule support80960expanded mode interrupting. An 8-bit interrupgctor bus is provided to
directly attach to the80960. TheVero chip takes thdanterrupt inputs andranslates thesénto interrupt
vectorsthat it places on thanterrupt bus for interpretation by th@960. However,support isprovided to
allow 2 AIB devices to directly spply the 80960 with aninterruptvector. This is aprogrammable option.
Table 12 onpage 44 shows the priority schentleat isused toreport various classes ofinterrupts back to
the 80960.
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Table 12.Vero DMA ChannelVector Assignment

80960 Pri- Vector # Interrupt Condition Interrupt Source (sed\ote)
ority Level

31 255 Watchdog timeout Brighton (0000)
31 254 Multi-bit ECC error Brighton (0001)
31 253 Micro Channel NMICommand Miami (0000)
30 243 Local Bus Exception Brighton (0010)
30 242 Local Bus Parity/Exception error Miami (0001)
30 241 Local Bus parity errow/80960master Brighton (0011)
30 240 AlIB Bus read parity error w/8096fhaster | Vero

29 235 Memory protect errorw/80960master Brighton (0100)
29 234 Memory protect errorMiami master Brighton (0101)
29 233 Reserved Brighton (0110)
29 232 AIB error input signal AlB

28 224 Local Bus INTOinput Local Bus

26 209 Serialdebugport - receive Brighton (0111)
26 208 Serialdebugport - transmit Brighton (1000)
25-21 207-168 AIB INTO (vector sourced by AlBdevice) | AIB

20-16 167-128 AIB INT1 (vector sourced by AlBdevice) | AIB

15 120 AIB INT2 AIB

14 112 AIB INT3 AIB

12 100 SCB AttentionPort Miami (0010)
12 99 Bus master EOT Miami (0011)
12 98 Interrupt command Miami (0100)
12 97 Bus masteiChannel 2 Miami (0101)
12 96 Bus masteiChannel 1 Miami (0110)
11 95-88 Reserved Miami

10 80 Reserved Brighton

8 71-64 Vero DMA channel 0-7 Vero

7 58 Local Bus INT1linput Local Bus

4 35 Timer 1 (software) Brighton (1010)
4 34 Timer 2 (time ofday) Brighton (1011)
4 33 Timer 3 (performance) Brighton (1100)
4 32 Timer 4 (timeslice) Brighton (1101)
1 8 Single-bit ECC error Brighton (1110)

Note: The value in parenthesenrresponds to theignalsMIA _INT(3-0) for Miami sourced interrupts,
or to BRI_INT(3-0) for Brighton sourced interrupts.
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The interrupt controller managgwioritizing the interruptsthat thesedevicesgenerate. The priority ifixed

with 'single-bit ECCerror' being the lowest and the NMI sources being the highektterrupts are not
latched by theinterrupt controller. Theouput of theinterrupt controller to the80960interrupt busreflects
the value of the highest prioritynput that isactive.
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3.2 Programmable Options

3.2.1 Interrupt Initialization register  (lIR)

Description:  The IR registercontrols the initialization parameters for the Vero chigerrupt controller
logic. This registemust beprogrammedbeforeinterrupts aregeneratedrom the AlB.

Register Format

(80960 Address = 1FF88010h) rfw

% 14131211109 8 7 6 5 4 3 2 10
interrupt ack 1 control field | interrupt ack 0 control field |

inactive | active |control| inactive | active |control|

INA |INA {INA |ACK]ACK|ACK|OTP[IAC [INA |INA |INA |ACK|ACKJACK|OTP|IAC
PW2 PW1PWQ PW2 PWLPWOACKIEN [PW2PW1PWOPW2PWLPWQACKIEN

Bit Descriptions
Bits 31-16. Reserved.
Bits 15-8. Interruptlevel 1 control field.

Bits 7-0. Interruptlevel O control field.

Each 8 bit controlfield defines theinterrupt controlleroperation for thatinterruptlevel. All control fields
are equivalent.

IAC EN: Interrupt acknowledge enable.When set to '0' the INTO (or INT1)nput functions as a
direct interrupt inpufrom the AIB. No interruptacknowledgecycle will be run. Whenusing this mode
an interruptwill generate the lowest vector in the defined range forititerrupt (168 for INTO, 128 for
INT1). When set to '1' arinterrupt will cause aninterrupt acknowledgecycle to be run on the AIB
Bus. The vector during thenterruptacknowledgecycle will be presented to th&0960 if it is within the

defined range. If it is notithin the defined range, the highest vector in the defined raf&f¥ forINTO,

167 for INT1) will be giveninstead.

- OTP ACK: One or twopulseinterrupt acknowledgesignal. Some devices use an 8259 tyipgerrupt
acknowledgecycle (two pulse). Othersrequire externalogic to eliminate thefirst pulse. This bit kould
reduce or eliminate the need ftrat externallogic.

- OTP ACK=0: one pulse.
- OTP ACK=1: two pulses.

If two pulses are selected, adle time isinserted between the two pulses fadevicerecovery, the length
of which is controlled by INA PW2-0.

« ACK PW2-0: Interrupt acknowledgecycle active pulse width. These three bits provideight options
for the interruptacknowledgecycle active length. Somedevicesrespondslower thanothers and there-
fore would require externalogic to insert wait statesnto the interruptacknowledgecycle. These bits
should eliminate the need for this externédgic. These bitsallow a programmableactive timefrom
120ns to 680ns in 80nmcrements for the interruptcknowledge pulse.
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ACK ACK ACK INTACK 'low" (active)
PW2 PW1 PWO pulse width

0 0 0 120ns
0 0 1 200ns
0 1 0 280ns
0 1 1 360ns
1 0 0 440ns
1 0 1 520ns
1 1 0 600ns
1 1 1 680ns

« INA PW2-0: Interrupt acknowledge recovery (inactiveyidth. These three bits provideight options
for the interruptacknowledge recovery length. Sontevices areslower thanothers torelease(float)
data signals on the AIB Bus, anthus require a certaimamount of busidle time after theinterrupt
acknowledgecycle iscompleted. These bitallow a programmabldnactive timefrom 120ns to 680ns in
80ns increments.

INA INA INA INTACK 'high" (inactive)
PW2 PW1 PWO pulse width

0 0 0 120ns
0 0 1 200ns
0 1 0 280ns
0 1 1 360ns
1 0 0 440ns
1 0 1 520ns
1 1 0 600ns
1 1 1 680ns

If the OTP ACK bit is 1 (twopulses), bothnterruptsacknowledge pulsewill be the length set by ACK
PW2-0, with aninactive timebetween andafterthem determined by INAPW2-0.

Either or both interruptacknowledge cycles can be extended by the REBADY signal inincrements
of 40ns.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 UUUU UUUO UUUU UUU0
RESET COMMAND: 0000 0000 0000 0000 SSSS SSSS SSSS SSSS
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3.2.2 Interrupt Mask register (IMR)

Description: The IMR allows the four AlBinterrupt inputs, the two Local Bus interrupt inputs, and the
AIB Error input to beenabled and disableftom causinginterrupts to theB0960without programming the
interrupting device directly. This allows for point of synchronization between th@0960 and thenter-
rupting device. Typically, devicescontaintheir own interrupt enable functions. However, these azeme-
times not usable on a realtime basisice spurious interrupts caresult if aninterrupt isdisabledwithin a
deviceimmediately after itanterruptoutput hasbeenasserted. This register prents the possibility of these
spurious interrupts if thelevicetakes no precautions to do this.

Register Format

(80960 Address = 1FF88014h) riw

31 7 6 5 4 3 2 10
Reserved AERILIT [LIO |AI3 |AI2 |AIL |AIO

Bit Descriptions
Bit 31-7. Reserved.

Bits 6. AIB_ERROR input mask bit. This bit can mask th&lB_ERROR input signal from gener-
ating aninterrupt to the80960. The disabling ofthese bits is synchronized with theaterrupt input
signal to prevent spurious interrupts whatisabling. Interrupt areenabled when a bit is set to '1' and
disabled when set to '0".

Bits 5-4. LB_INT1-0 maskbits. These bits canndividually mask the 2 Local Bus interrupt inputs
from generating arinterrupt to the80960. The disabling ofhese bits is synchronized with theterrupt
input signal toprevent spurious interrupts whetisabling. Interrupt areenabled when a bit is set to '1"
and disabled when set to '0'.

Bits 3-0. AIB_INT3-0 maskbits. These bits carindividually mask the 4 AIB interrupt inputs from
generating annterrupt to the80960. The disabling ofhese bits is synchronized with theterrupt input
signal to prevent spurious interrupts whetisabling. Interrupt areenabled when a bit is set to '1' and
disabled when set to '0'.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 00OO
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0SSS SSSS
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3.2.3 Interrupt Status register (ISR)

Description: The ISR allows alVero interruptinput sources to reathrough asingle statusregister.

Register Format

(80960 Address = 1FF88018h) ro

31

Pending Interrupt Status

Bit Descriptions

Bits 31-24. Reserved.
Bits 23-20. AIB_INT 3-0 status bits.

Bit 19. AIB errorinput status bit.

Bit 18. AIB parity error status bit.

Bits 17-16. Local Bus interrupt 1-0 statulsits.
Bits 15-12. Brightoninterrupt 3-0 statu®its.
Bits 11-8. Miami interrupt 3-Ostatus bits.
Bits 7-0. Vero DMA channel 7-0 status bits.

Reset Conditions

Not applicable
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3.3 Commands

3.3.1 AIB INTO End-of-Interrupt (EOIO) command

Description: The EOIO command isised to inform thenterrupt controllerthat the80960 has cleared the
AIB INTO source. Thiscommand must béssued when for all interrupting AIB devicdahat use thenter-
rupt Acknowledge option in 3.2.1, “Interrupt Initialization register (IIR)” on page 46. Thiscommand
should beissued after theommand thatgoes directly to the AIB to clear the interruptirgpndition. The
EOIO0O command igssued by writing any data value to addrées6F89000'h.

Command Format

80960 ADDRESS = 1FF89000h
80960 DATA = don't care

Reset Conditions

Not applicable

3.3.2 AIB INTO End-of-Interrupt (EOI1) command

Description: The EOI1 command isised to inform thenterrupt controllerthat the80960 has cleared the
AIB INT1 source. Thiscommand must béssued when for all interrupting AIB devicdahat use thenter-
rupt Acknowledge option in 3.2.1, “Interrupt Initialization register (IIR)” on page 46. Thiscommand
should beissued after theommand thatgoes directly to the AIB to clear the interruptirgpndition. The
EOI1 command igssued by writing any data value to addresEF8A000'h.

Command Format

80960 ADDRESS = 1FF8A000h
80960 DATA = don't care

Reset Conditions

Not applicable
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4.0 Vero AIB Bus Interface

4.1 General

The Vero module provides for an I/O bug(AIB) that is split from the Local Bus,where memory for
programexecutionresides. This allows the DM Aontroller to onlyaccess thé ocal Bus when one of its 16
byte data buffers iempty (transmit) orfull (receive). Inthis manner, only lowspeednon-bursted data
movementoccurs on the AIBbus, and only bursted datmovementoccurs on the Local Bus. This
describes the nature ofiost data movement (DMAontrolled)that occurs on theJunoAdapter.

The AIB Bus supportslave type devices. Slave devices can be directly accessed by the 80960 for initializa-
tion andstatus types of operations, amdll typically use theVero DMA controller to move data from the
device tomemory. The AIB Bus supports a 512K bytaldress spacwithin the 80960 address space for
addressing slave devices on tA&B. The stating 80960addresswithin this address space BFF00000h, and

this extends up tdlFF80000h. Five eparate regions can hiefinedwithin this 512KB address space with
each region having parogrammablenumber of waitstates.

Only 80960'stob’' (store byterdinal), 'stos' (store shorordinal), 'st' (storeword), 'ldob’ (load byte ordinal),
'Idos' (load short ordinal), and 'ld' (load word) arsupported for direct dataransferto/from AIB Bus
devices. Double, triple and quad word 80960instructions are nosupported to the AIB. Also, 80960 exe-
cutable memory is nosupported on the AIB.

4.1.1 AIB Arbiter

Containedwithin the Vero chip is the arbitratiotogic that determines which requesting mastginscontrol
of the AIB Bus to run its cycle.There are threeequesting masters for the AIB Bus.

1. Local Bus mastecycle to AIB
2. Vero DMA channekycle to AIB
3. InterruptAcknowledgecycle to AIB

The prioritization scheme is the ordehown above. The Local Bus mastevill always be givenhighest
priority. If anothercycle iscurrently active on the AIB theLocal Bus mastewill be granted the nextycle.
Therefore, themaximumlatency for theLocal Bus master tdoegin itscycle is themaximumecycle time of a
DMA channelcycle orinterruptacknowledgecycle.

The DMA channels also arbitra@mongstthemselves. A DMAchannel whosénput -DREQ signal is held
active will continue to begranted the AIB bus ahead afther DMA channels and interrupacknowledge
requests until its request is samplethctive at the end of a DMAcycle, oruntil its DMA channelbuffer
insideVero becomedull (for a receivechannel) or emptyfor a transmit channel). As stated above, a Local
Bus master request for the AIRill interrupt this process and be granted immediatelervice priority
among the DMAchannels idixed with channel Obeing the highest priority andhannel 7being the lowest
priority.

The interruptacknowledgecycle request is the lowest priority in tharbitration scheme. In order for this
cyclerequest to be granted, both Local Bus master and D&jAle requestanust beinactive for at least one
clock cycle. This can lead t@xtendedservicing latenciebasedupon such things as thsize of AIB device
DMA fifos and AIB device DMA cycletime. For instance, for an 8-bit AlRlevice with a 16 byte DMA
fifo, and a DMA cycle time 0f200ns, the DMAcontrollerwill be able to run 16200nscycles(3.2 microsec-
onds)before aninterrupt acknowledgecycle isgranted. It should b@&oted thatusing directinterrupt inputs
from the AIB will provide more predictableinterrupt response in heavy DMA environment.
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4.2 AIB Initialization registers

Before deviceghat exist on the AIB Bus can be accessed by ftrecessor, a set of initializatioregisters
must beprogrammed. Theseegistersallow for a greatdegree of flexibility in thetypes ofdevicesthat can
be supported on the AIB BusMany devices can besupported with a minimaamount ofexternal interface
hardware.

4.2.1 Chip Select Definition registers  (CSDO0-4)

Description: Each of thefive chip selectsignals can be@rogrammed for @ase starting address on any 4KB
boundarywithin the 512KB address space of thAIB. Also, each of the chip seledignals can be pro-
grammed to decode mnge of addressdsom 4KB to 512KB. Also, each of thefive chip selectsignals can
be programmed to run aycle from 240ns to 1120ns. This idone in40ns increments. l@mddition, both
active and inactive (restorgortions of thecycle can bevaried. This fould besuitable toaccommodate
most deviceswithout having to design externaREADY circuitry. However, anexternalREADY signal is
also available tofurther extendcycles or to runvariable lengthcycles based onother real-time changing
conditionsthat might exist on theAIB. There is a gparate CSDregister foreach chip selecsignal(total of
five).

Register Format

80960 ADDRESS = 1FF8B000h) CSDO riw
80960 ADDRESS = 1FF8B004h) CSD1 riw
80960 ADDRESS = 1FF8B008h) CSD2 riw
80960 ADDRESS = 1FF8B00Ch) CSD3 riw
80960 ADDRESS = 1FF8B010h) CSD4 riw

5 14 13 1211109 8 7 6 5 4 3 2 1 0
AC3|AC2|ACL|ACO(IC2 |IC1 |ICO | X | X [RG2|RG1|RGO| X [DS1|DSO|ENA

31 23 22 21 20 19 18 17 16
Reserved A18 [A17 |A16 |A15|Al4 |AL3 |AL2

CSD Register Bit Descriptions
- Bits 31-23. Reserved.

« Bits 22-16.Chip selectbase address.Thesesevenbits determine the basaddress of the chip select
address range. Thislocumentwill only reference theprimary addresses for th&/ero AIB devices
selected byCSDO0-4. The primary and secondaagdressesnaps for theVero AIB devices are:

Primary Address Map: 1FF0000 h to 1FF7FFFF h
Secondary Address Map:  1FE0000 h to 1FE7FFFF h

Starting addresses can be on any 4KBundary of the AlBaddress space. A value ¢9000000'b
chooses the starting address for a chip selectl&-00000'h in theB0960 address space. A value of
'1111111'b chooses the startimgldress for a chip select asFF7F000'b in theB0960 address space.
These bits can bthought of ageplacing bits18-12 of the physicaB0960address.

- Bits 15-12. Activecycletime. These four bits determine tlaetive cycle time for aparticular chipselect.
Active time is defined as the time when th&_RD or -A_WR signal is low (Ovolts).
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CS 'low' (active)
AC3 AC2 AC1 ACO pulse width
200ns
240ns
280ns
320ns
360ns
400ns
440ns
480ns
520ns
560ns
600ns
640ns
680ns
720ns
760ns
800ns

Y e e Y Y e Y = Y e e Y Y
[N Y e oY o ¥ o ) S QYN Yo ¥ e N o
PP OOFRPRFRPOORRFRPOORFPOO
PORPOFRPORPRORORORORO

. Bits 11-9. Inactive cycle time. These two bits determine thipactive cycle time for aparticular chip
select. Inactive time isdefined as the time when thé_RD or -A_WR signal is high (5volts).

CS ‘high' (inactive)
IC2 IC1 ICO pulse width

PFRPRPRPPOOOO
PPRPOORFRPPFPOO
POPRPOPFRPORFrO

- Bits 8-7. Reserved.

- Bits 6-4. Chip selectaddress range bitsThese bits are binary encoded to provide thage of addresses
that aredecoded for each chip selesignal. The eighbinary possibilities givedecode ranges of 4K, 8K,
16K, 32K, 64K, 128K, 256K, and 512kKaddresses.There is arestrictionthat thebase starting address
selected inbits 22-16 must be on a boundary that éxual to the decodeangeselected bybits 6-4. For
instance, if a decode range of 32Ksslected thdase starting address can be any 3&undary.

Chip Select
RG2 RGl1 RGO Decode Range

4K

8K

16K

32K

64K

128K

256K

512K

PFRPRPRPPOOOO
PP OORFRPPFPOO
PORPRPOPFRPORFrO

« Bits 2-1. Devicesizebits. These bits are encoded with the data lsize of the device inthis chip select
range. Devicesizeoptions of 8, 16, and 3Bits are possible.
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DS1 DSO Device size
0 0 8-hit
0 1 16-hit
1 0 32-hit
1 1 Reserved

- Bit 0. Chip selectenable. This bit when set to '@isablesthis chip select and when set to '1' enables
the chip select.

Reset Conditions

POWER-UP: Uuuu UUUU UUUU Uuuu Uuuu Uuuo O0uuu ouuo
RESET COMMAND: 0000 0000 0SSS SSSS SSSS SSS0 0SSS 0SSS
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4.2.2 DMA Acknowledge Pulse Width registers (DAPWO-7)

Description: Theseregisters araised toprogram thepulse width of the DMAacknowledge(DACK) signal
that theVero chip sends to the DMA requestimtevice. Different devicesrequire thissignal to be acertain
durationdepending on howast the deviceesponds. Theseegistersallow the DACK cycle to beoptimized
relative to thespecific DMA device. Theimings givenbelow arenominal and carvary by '+' or '-' 3ns.

Register Format

80960 ADDRESS = 1FF8B030h) rfw
80960 ADDRESS = 1FF8B034h) rfw
80960 ADDRESS = 1FF8B038h) rfw

80960 ADDRESS = 1FF8B03Ch) riw

80960 ADDRESS = 1FF8B040h) rfw
80960 ADDRESS = 1FF8B044h) rfw
80960 ADDRESS = 1FF8B048h) rfw

80960 ADDRESS = 1FF8B04Ch) riw

DACKO pulse width
DACK1 pulse width
DACK2 pulse width
DACK3 pulse width
DACK4 pulse width
DACKS5 pulse width
DACK6 pulse width
DACKT pulse width

31 8 7 6 5 4 3

Reserved

LP3 (LP2 [LP1|LPO| X

HP2

HP1

HPO

Bit Descriptions

- Bits 31-8. Reserved.

- Bits 7-4. DACK 'low' pulse width. These 4 bits are binary encoded to provide dtions forsetting

the duration that th®ACK signalwill be 'low' (0 volts).

PO OoOOoOOoOCOoCOoOOoOO
corRrRPrRPPOoOCcOoOO
coRrRPrOoOOR RO O
RPOoORRPORPROROR O

- Bit 3. Reserved. Alwaygrogramthis bit to a '0".

DACK 'low" (active)
pulse width

- Bits 2-0. DACK 'high' pulse width. These 3 bits are binary encoded to provide@ions forsetting the
duration that theDACK signalwill be 'high' (+5 volts).
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DACK ‘high" (inactive)
HP2 HP1 HPO pulse width

PFRPRPRPPOOOO
PPRPOORFRPPFPOO
POPRPOPFRPORFrO

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 UUUU OUUU
RESET COMMAND: 0000 0000 0000 0000 0000 0000 SSSS 0SSS
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4.2.3 AIB Command/Status register (ACSR)

Description: The ACSRallows the AIB reset signal to be togglathder program control of th80960. It
should be written to a '1' tactivate the resedignal andwritten back to '0' todeactivate it. Theegisteralso
allows dataparity checking to the AIB to enabled and disabledreading thisregister will clear interrupt
vector number 240, which is an AIB Bus read(from local bus) parity error condition has occurred (see
Table 12 onpage 44). This is aead/writeregister.

Register Format

(80960 Address = 1FF8C000h) riw

31 7 6 5 4 3 2 10
Reserved GEN CHK|PAR|RSV|RSV|CLK|RST

Bit Descriptions
- Bits 31-7. Reserved.
- Bit 6. Parity Generate polarity. '0' = odd parity. '1l' even parity.
« Bit 5. Parity Checkpolarity. '0' = odd parity. '1l' = even parity.

- Bit 4. Address/Data Paritgnable. This bit should be set to enable address/data paréagking of the
AIB data bus.

- Bit 3-2. Reserved.

- Bit 1. Clock enable. This bit iseset toenable theAIB_CLK signal (25MHz oscillator) to be presented
to the AIB. It is set todisable the clockrom propagating to thélB.

- Bit 0. Reset. This bit is written to a '1' tactivate the AlB'reset'signal and iswritten to a '0' to
deactivate thesignal.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 00OO
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0SSS 00SS
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5.0 Vero Miscellaneous Registers

5.1.1 Presence Detect Register (PDR)

Description:. The PDR can be used to read staligic levels athched to Vero. These could be memory
presence detect bits, cablP's, etc. These bits are non-inverted wheead.

Register Format

(80960 Address = 1FF8D000h) ro

31 1312 11 10 9 8 7 6 5 4 3 2 1 0
Reserved  |PDC|PDB|PDA|PD9|PD8|RSV|PD6|PD5|PD4|PD3|PD2|PD1|PDO

Bit Descriptions
- Bits 31-13. Reserved.
« Bit 12. AIB presence detect bit(-A_DETECT signal)
- Bits 11-8. Presence detect bit6PD(11-8)signals)
+ Bit 7. Reserved.
« Bits 6-0. Presence detect bitéPD(6-0) signals)

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0OOU UUUU UUUU UUUU
RESET COMMAND: 0000 0000 0000 0000 000S SSSS SSSS SSSS
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5.1.2 LED Enable Register (LER)

Description: The LER is used to allow an external LED to be enabled and disabled with a ep#eation
by the 80960. Itcould also be used as generalpurposeoutput.

Register Format

(80960 Address = 1FF8D004h) rfw

31 1 0
Reserved LED

Bit Descriptions
- Bits 31-1. Reserved.

- Bit 0. LED enable. When set to '0' the LED_ENMignal will be low. When set to 'l' the LED_EN
signalwill be high. This is a 4 ma driver.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 000O
RESET COMMAND: 0000 0000 0000 0000 0000 0000 0000 000S
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Appendix A. Vero Pin Name/Number Cross Reference

Table 13 (Page 1 of 5)Vero PinName/NumbeiCross Reference

Module Pin Pin Name Pin Type Description

001 PD1 INPUT PRESENCE DETECT 1
002 DI INPUT DRIVER INHIBIT

003 M_INTO INPUT MIAMI INTO

004 TST_CLKA INPUT LSSD ACLOCK

005 PD2 INPUT PRESENCE DETECT 2
006 TST_CLKB INPUT LSSD BCLOCK

007 TST_CLKC INPUT LSSD CCLOCK

008 RAMTSTEN INPUT RAM TEST ENABLE
009 PD3 INPUT PRESENCE DETECT 3
010 VDD PWR +5 VOLTS

011 ICT_EN INPUT IN CIRCUIT TEST ENABLE
012 TST_CLKR INPUT LSSD RAM CLOCK

013 PD4 INPUT PRESENCE DETECT 4
014 PD11 INPUT PRESENCE DETECT 11
015 VSS GND +0 VOLTS

016 PD10 INPUT PRESENCE DETECT 10
017 PD5 INPUT PRESENCE DETECT 5
018 PD9 INPUT PRESENCE DETECT 9
019 PD8 INPUT PRESENCE DETECT 8
020 A_DETECT INPUT AIB PRESENCE DETECT
021 PRI/SEC INPUT PRIMARY/SECONDARYADDR
022 A_ERROR ClIO-4MA ERROR IN

023 A_INTACK1 CIO-4MA AIB INTERRUPT ACK 1
024 VSS GND +0 VOLTS

025 PD6 INPUT PRESENCE DETECT 6
026 A_INTACKO ClIO-4MA AIB INTERRUPT ACK O
027 A_INT3 ClO-4MA AIB INTERRUPT 3

028 A_INT2 ClIO-4MA AIB INTERRUPT 2

029 A_INT1 INPUT AIB INTERRUPT 1

030 A_INTO INPUT AIB INTERRUPT O

031 A_SPARE ClIO-4MA RSVD

032 A_RDY ClO-4MA AlB READY

033 LED_EN 3ST-8MA LED ENABLE

034 AADO CIO-4MA AlIB ADOO

035 AAD1 CIO-4MA AIB ADO1

036 AAD?2 ClO-4MA AIB ADO02

037 A_WRAPEN ClO-4MA RSVD

038 VSS GND +0 VOLTS

039 AAD3 CIO-4MA AIB ADO3

040 AAD4 ClO-4MA AIB AD04

041 AADS ClO-4MA AIB ADO5

042 AADG6 CIO-4MA AIB ADO6

043 VDD PWR +5 VOLTS

044 AAD7 ClO-4MA AIB ADO7

045 VSS GND +0 VOLTS

046 AADS8 CIO-4MA AIB ADO8

047 AAD9 CIO-4MA AlIB ADO9

048 AAD10 ClO-4MA AlB AD10
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Table 13 (Page 2 of 5)Vero PinName/NumbeiCross Reference

Module Pin Pin Name Pin Type Description

049 A _RESET ClIO-4MA AIB RESET

050 AAD11 ClO-4MA AlB AD11

051 AAD12 ClO-4MA AlB AD12

052 WDOG ClO-4MA WATCH DOG

053 VSS GND +0 VOLTS

054 A_DEN ClO-4MA AlB DATA ENABLE
055 AAD13 ClO-4MA AlB AD13

056 AAD14 ClO-4MA AlIB AD14

057 AAD15 ClO-4MA AIB AD15

058 AAD16 ClO-4MA AlIB AD16

059 AAD17 ClO-4MA AlB AD17

060 VSS GND +0 VOLTS

061 VDD PWR +5 VOLTS

062 AAD18 ClO-4MA AlB AD18

063 AAD19 ClO-4MA AlB AD19

064 AAD20 ClO-4MA AIB AD20

065 VSS GND +0 VOLTS

066 A_CLK CIO-4MA AlIB CLOCK

067 VSS GND +0 VOLTS

068 AAD21 ClO-4MA AlIB AD21

069 AAD22 ClO-4MA AlIB AD22

070 VSS GND +0 VOLTS

071 A_ALE ClO-4MA AlB ALE

072 VSS GND +0 VOLTS

073 AAD23 ClO-4MA AIB AD23

074 AAD24 ClO-4MA AlB AD24

075 AAD25 ClO-4MA AlB AD25

076 AAD26 ClO-4MA AIB AD26

077 AAD27 ClO-4MA AIB AD27

078 VSS GND +0 VOLTS

079 AAD28 ClO-4MA AlB AD28

080 AAD?29 ClO-4MA AIB AD29

081 AAD30 ClO-4MA AIB AD30

082 AAD31 ClO-4MA AlB AD31

083 A_PARO CIO-4MA AlIB PARITY O

084 VSS GND +0 VOLTS

085 A _PAR1 ClIO-4MA AIB PARITY 1

086 A_PAR2 ClIO-4MA AlIB PARITY 2

087 A_PARS3 ClIO-4MA AlIB PARITY 3

088 A_CSO ClO-4MA AIB CHIP SELECT 0
089 A _Cs1 ClO-4MA AIB CHIP SELECT 1
090 A_CS2 ClO-4MA AIB CHIP SELECT 2
091 A_CS3 ClO-4MA AIB CHIP SELECT 3
092 A _CSs4 ClO-4MA AIB CHIP SELECT 4
093 A_BEO ClO-4MA AIB BYTE ENABLE 0
094 A _BE1 ClO-4MA AlIB BYTE ENABLE 1
095 A_BE2 ClO-4MA AlIB BYTE ENABLE 2
096 VSS GND +0 VOLTS

097 VDD PWR +5 VOLTS

098 A_BE3 ClO-4MA AlIB BYTE ENABLE 3
099 D_ACKO CIO-4MA DMA ACKNOWLEDGE 0
100 D_ACK1 ClO-4MA DMA ACKNOWLEDGE 1
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Table 13 (Page 3 of 5)Vero PinName/NumbeiCross Reference

Module Pin Pin Name Pin Type Description

101 D_ACK2 CIO-4MA DMA ACKNOWLEDGE 2
102 D_ACK3 CIO-4MA DMA ACKNOWLEDGE 3
103 D_ACK4 CIO-4MA DMA ACKNOWLEDGE 4
104 D_ACK5 CIO-4MA DMA ACKNOWLEDGE 5
105 D_ACK®6 CIO-4MA DMA ACKNOWLEDGE 6
106 D_ACK7 ClO-4MA DMA ACKNOWLEDGE 7
107 A_RD ClO-4MA AlB READ

108 VSS GND +0 VOLTS

109 A_WR ClO-4MA AIB WRITE

110 A_EOPO ClIO-4MA AlIB EOP O

111 A_EOP1 ClIO-4MA AlIB EOP 1

112 A_EOP2 ClIO-4MA AIB EOP 2

113 A_EOP3 ClIO-4MA AIB EOP 3

114 VDD PWR +5 VOLTS

115 A_EOP4 ClIO-4MA AlIB EOP 4

116 A_EOPS5 ClO-4MA AIB EOP 5

117 A_EOPG6 ClIO-4MA AIB EOP 6

118 A_EOP7 ClIO-4MA AlB EOP 7

119 VSS GND +0 VOLTS

120 D _REQO INPUT DMA REQUEST 0

121 D REQ1 INPUT DMA REQUEST 1

122 D _REQ2 INPUT DMA REQUEST 2

123 D _REQ3 INPUT DMA REQUEST 3

124 D REQ4 INPUT DMA REQUEST 4

125 L_ADS CIO-4MA LOCAL ADDRESS STROBE
126 VSS GND +0 VOLTS

127 L _OSC INPUT 25 MHZ CLOCK INPUT
128 VSS GND +0 VOLTS

129 D _REQS5 INPUT DMA REQUEST 5

130 D_REQG6 INPUT DMA REQUEST 6

131 D _REQ7 INPUT DMA REQUEST 7

132 L BE3 ClO-4MA LOCAL BYTE ENABLE 3
133 L BE2 ClO-4MA LOCAL BYTE ENABLE 2
134 L BE1 ClO-4MA LOCAL BYTE ENABLE 1
135 L _BEO ClO-4MA LOCAL BYTE ENABLE O
136 VSS GND +0 VOLTS

137 L_ADP3 ClO-4MA LOCAL PARITY 3

138 L_ADP2 ClO-4MA LOCAL PARITY 2

139 L_ADP1 ClO-4MA LOCAL PARITY 1

140 L_ADPO ClO-4MA LOCAL PARITY O

141 LAD31 ClO-4MA LOCAL AD31

142 VSS GND +0 VOLTS

143 LAD30 ClO-4MA LOCAL AD30

144 LAD29 ClO-4MA LOCAL AD29

145 LAD28 ClO-4MA LOCAL AD28

146 LAD27 ClO-4MA LOCAL AD27

147 VDD PWR +5 VOLTS

148 LAD26 ClO-4MA LOCAL AD26

149 VSS GND +0 VOLTS

150 LAD25 ClO-4MA LOCAL AD25

151 LAD24 ClO-4MA LOCAL AD24

152 LAD23 ClO-4MA LOCAL AD23
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Table 13 (Page 4 of 5)Vero PinName/NumbeiCross Reference

Module Pin Pin Name Pin Type Description

153 LAD22 ClO-4MA LOCAL AD22

154 LAD21 ClO-4MA LOCAL AD21

155 LAD20 ClO-4MA LOCAL AD20

156 VSS GND +0 VOLTS

157 LAD19 ClO-4MA LOCAL AD19

158 LAD18 ClO-4MA LOCAL AD18

159 LAD17 ClO-4MA LOCAL AD17

160 LAD16 ClO-4MA LOCAL AD16

161 LAD15 ClO-4MA LOCAL AD15

162 LAD14 ClO-4MA LOCAL AD14

163 LAD13 ClO-4MA LOCAL AD13

164 VSS GND +0 VOLTS

165 VDD PWR +5 VOLTS

166 LAD12 ClO-4MA LOCAL AD12

167 LAD11 ClO-4MA LOCAL AD11

168 LAD10 ClO-4MA LOCAL ADI10

169 LADO9 ClO-4MA LOCAL ADO09

170 LADOS8 ClO-4MA LOCAL ADOS8

171 VSS GND +0 VOLTS

172 LADO7 ClO-4MA LOCAL ADO7

173 PXINT7 3ST-4MA PROCESSOR INT 7
174 LADO6 ClO-4MA LOCAL ADO6

175 LADO5 ClO-4MA LOCAL ADO5

176 LADO4 ClO-4MA LOCAL ADO4

177 PXINT6 3ST-4MA PROCESSOR INT 6
178 LADO3 ClO-4MA LOCAL ADO3

179 VSS GND +0 VOLTS

180 LADO2 ClO-4MA LOCAL ADO2

181 PXINT5 3ST-4MA PROCESSOR INT 5
182 LADO1 ClO-4MA LOCAL ADO1

183 LADOO ClO-4MA LOCAL ADOO

184 PXINT4 3ST-4MA PROCESSOR INT 4
185 L W/R ClO-4MA LOCAL WRITE/-READ
186 L_RDY ClO-4MA LOCAL READY

187 L_REQ ClO-4MA LOCAL BUS REQUEST
188 PXINT3 3ST-4MA PROCESSOR INT 3
189 L_EXCPT ClO-4MA LOCAL EXCEPTION
190 L_GRANT INPUT LOCAL BUS GRANT
191 L_BLAST CIO-4MA LOCAL BURST LAST
192 PXINT2 3ST-4MA PROCESSOR INT 2
193 RESET INPUT RESETINPUT

194 L_INTO INPUT LOCAL INTERRUPT O
195 L INT1 INPUT LOCAL INTERRUPT 1
196 PXINT1 3ST-4MA PROCESSOR INT 1
197 B INT3 INPUT BRIGHTON INT 3
198 B _INT2 INPUT BRIGHTON INT 2
199 B _INT1 INPUT BRIGHTON INT 1
200 VSS GND +0 VOLTS

201 VDD PWR +5 VOLTS

202 B_INTO INPUT BRIGHTON INT O
203 M_INT3 INPUT MIAMI INT 3

204 PXINTO 3ST-4MA PROCESSOR INT O
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Table 13 (Page 5 of 5)Vero PinName/NumbeiCross Reference

Module Pin Pin Name Pin Type Description

205 M_INT2 INPUT MIAMI INT 2

206 M_INT1 INPUT MIAMI INT 1

207 COMP RES INPUT COMP. RESISTOR

208 PDO INPUT PRESENCE DETECT O
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Appendix B. AIB Bus Timings

The following timing diagramsshow AIB Bustimings for the various types afyclesthat run on the AIB
interface. All timings arespecified with 60pf load capaeinhce.

B.1 DMA Cycle Timings

B.1.1 DMA Read Cycle

5[ 4ONS <
PSP N e T e T e T T O e M e B
| |
DREQ L |
e T Lo
<--T3->| | <= T2--=->)|
Tos| |- T5| |-
-A_DEN | | L
T6-->[<-- |<-T7-->|
A_RD | ' L
- <T6->]
| [<-T9To
READ DATA, SN
A BE(3:0), | INPUTS |
AEOP |\
K-T105|  ->| [<-TiL
+A_RDY by~
min - max Notes
T1 : -DACK ACTIVE PULSE WIDTH 0 -ns 1
T2 -DACK INACTIVE PULSE WIDTH 7 -ns 2
T3 DACK ACTIVE TO -DREQ INACTIVE 0 45 ns 13
T4 DACK ACTIVE TO -A_DEN ACTIVE 18 40 ns
T5 : -DACK INACTIVE TO -A DEN INACTIVE 20 40 ns
T6 : -DACK ACTIVE TO -A RD ACTIVE 0 10ns
T7  -DACK INACTIVE TO A RD INACTIVE 3% 45 ns
T8  -DACK ACTIVE TO -A BE(3-0) VALID =5 ns 14
T8a : -DACK ACTIVE TO READ DATA VALID .50 ns 14
Téb : -DACK ACTIVE TO -A EOP(7-0) VALID . 50ms 14
T9 © INPUT HOLD TIME FROM -DACK INACTIVE 0 s
Toa | INPUTS 3-STATE FROM -DACK INACTIVE -~ T0ns 25
T10 : -DACK ACTIVE TO +A_RDY INACTIVE .40 ns 14
TI1 : P_CIK HIGH TO +A RDY ACTIVE 0 15ns 4

Note 1- This assumes programming of tllPAPW register to80ns activewidth. Add 40ns to thissumber
for each corresponding 40ns pulagdth increase.

Note 2- This assumes programming of tlleBAPW register to80ns inactivewidth. Add 40ns to thissumber
for each corresponding 40ns pulagdth increase.
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Note 3- This timing is to assur¢hat a-DREQ driven inactive by adevice issampledinactive. A-DREQ
can be leftactive andwill therefore be the nextycle run to theAlB.

Note 4- The +A_RDY signalworks inconjunction with the programming of thBAPW register.
+A_RDY can be used to extendcycle timebeyond thatwhich can beprogrammed into th®APW.
+A_RDY is first sampledafter theDAPW programmedactive time has elapsed. +A_RDY sampled
every40ns thereafter andill extend thecycle for as long as itemainsinactive. +A_RDY, if used, fould
be driven inactivecombinatorially within40ns of the-DACK active signal. It Bould bedriven backactive
synchronously withAIB_CLK within 15ns.

Note 5- Applies toReaddata, BE(3-0), and EOP from thaevice drivingthese gjnals.

Page 70 of 94 — Ver&€omponentSpecification Versior2.0.1



Unclassified

B.1.2 DMA Write Cycle

5| 4ONS <
P A s 1 T s Y s O s O A A A
| |
DREQ L |
e T Lo
<--T3->| | <= T2--=->)|
T4-->|<-- |<-T5-->|
-A_DEN | ,—\—
T6-5|<-- ->[<-Téa
A WR | [ L
- T3] [ [<T8-)
WRITE DATA, I \
-A_BE(30), | OUTPUTS |
ATEOP \ /
-Tg-5| -] [<-T10
+A_RDY by~
min - max Notes
TL : -DACK ACTIVE PULSE WIDTH 0 -ns 1
T2 -DACK INACTIVE PULSE WIDTH 7 -ns 2
T3 : -DACK ACTIVE TO -DREQ INACTIVE 0 45 ns 13
T4 -DACK ACTIVE TO -A DEN ACTIVE 0 10ns
T5 : -DACK INACTIVE TO -A DEN INACTIVE % 45ns
T6 - -DACK ACTIVE TO -A WR ACTIVE 0 10 ns
T6a : -DACK INACTIVE TO -A WR INACTIVE 5 5ns
T7 : DACK ACTIVE TO OUTPUTS VALID 0 28ns
T8 © OUTPUTS HOLD FROM -DACK INACTIVE 3% 45ns
T9 * -DACK ACTIVE TO +A RDY INACTIVE 40 s 14
T10 © P_CLK HIGH TO +A_RDY ACTIVE 0 15ns 4

Note 1- This assumes programming of tllPAPW register to80ns activewidth. Add 40ns to thissumber
for each corresponding 40ns pulagdth increase.

Note 2- This assumes programming of tlleBAPW register to80ns inactivewidth. Add 40ns to thissumber
for each corresponding 40ns pulagdth increase.

Note 3- This timing is to assur¢hat a-DREQ driven inactive by adevice issampledinactive. A-DREQ
can be leftactive andwill therefore be the nextycle run to theAlB.

Note 4- The +A_RDY signalworks inconjunction with the programming of thRBAPW register.
+A_RDY can be used to extendcycle timebeyond thatwhich can beprogrammed into th®APW.
+A_RDY is first sampledafter theDAPW programmedactive time has elapsedt A_RDY is sampled
every40ns thereafter andill extend thecycle for as long as itemainsinactive. +A_RDY, if used, fould
be driven inactivecombinatorially within40ns of the-DACK active signal. It should bdriven backactive
synchronously withAIB_CLK within 15ns.
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B.2 AIB Slave Cycle Timings

B.2.1 AIB Slave Read Cycle

> 4ONS  [<-
| Al W | W | D | R [ R | A |
JN e 1 & [ S N N N S S O S
|<--T1->|
AME L] I
I< Tla >[<-T1b->|
ACS e

|<--T2->|<--T3->|
A_AD(31-0)| /ADDR/BE(3 0 | 4|/ DATA IN \\\}|\|\| /—| ADDR
_— \ 4l}”/// \ _—

-A BE(3-0) \

[<-T4->] ] & T7

- [<-T7a

|< T5 >|< T6 >

-A RD | | I
8> [ T9 [

A DEN | |

[<--T10->| -->| |<-T11
+A_RDY by~

min - max Notes

T1 : -A ALE ACTIVE PULSE WIDTH 35 45 ns
Tla : -A CS ACTIVE PULSE WIDTH 190 - ns 1
Tib : -A CS INACTIVE PULSE WIDTH 37  -ns 2
T2 . ADDR/BE(3-0)-A CS SETUP TO -A ALE INACTIVE 16 - ns
T3 : ADDRESS HOLD FROM -A ALE INACTIVE 20 -ns 0
T4 : -A RD ACTIVE TO DATA VALID - 40 ns 1
T5 : -A_RD ACTIVE PULSE WIDTH 110 - ns 14
T6 : -A RD INACTIVE PULSE WIDTH 117 - ns 2,4
T7 . DATA HOLD FROM -A RD INACTIVE 0 - ns
T7a . DATA BUS 3-STATE FROM -A RD INACTIVE - 30 ns 2
T8 . -A_RD ACTIVE TO -A DEN ACTIVE 18 37 ns
T9 . -A DEN INACTIVE TO -A_RD INACTIVE 8 22 ns
T10 : -A RD ACTIVE TO +A RDY INACTIVE 0 18 ns 1,3
T11 : P_CLK HIGH TO +A RDY ACTIVE 0 15ns 3

Note 0- -A_BE(3-0) are driveractive withADDRESS and are heldalid until -A_DEN is driven inactive.

Note 1- This assumes programming of the C3&yister to 120ns activeridth. Add 40ns to thismmumber for
each corresponding 40ns pulagdth increase.

Note 2- This assumes programming of the C3&yister to 120ns inactiveidth. Add 40ns to thissumber
for each corresponding 40ns pulagdth increase.
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Note 3- The +A_RDY signalworks inconjunction with the programming of the CSiagister. +A_RDY
can be used to extendacle timebeyond thatwhich can beprogrammed into th€SD. +A_RDY is
sampled internally with thédirst rising edge ofAIB_CLK after-A_RD goes active (if CSD active time is
120ns). +A_RDY issampledevery40ns thereafter andill extend thecycle for as long as itemains inac-
tive. +A_RDY, if used, siould bedriven inactivecombinatorially within18ns of the-A_RD active signal.
It should bedriven backactive synchronously withAIB_CLK within 15ns.

Note 4- The minimumcycle time for areadcycle to the AIB is the sum of T5 and T6, @0ns. Thecycle

time can be increased in 40imscrements by programming the CS@gister, orthrough the use of
+A_RDY.

Appendix B. AIB Bus Timings — Page 73 of 94



Unclassified

B.2.2 AIB Slave Write Cycle

| AONS [

| Al A D | D | R | R | A |
A|BC|_KJ||||||||||||||_

Tt
A ALE I I

< Tla SI<-T1bo)
A T 1

AT -
AAD@L0) - ADDRBEGO) | DATA OUT | ADDR
EBERO) /oA A

T4 |
DGR >[<ereee-TGoo>
S| T
AWR | | L
85 e T
-A_DEN |
-T10->] -] [<-T1
+A_RDY J
Y
min - max Notes

T1 : -A ALE ACTIVE PULSE WIDTH 3% 45 ns
Tla | -ACS ACTIVE PULSE WIDTH 9 -ns 1
Tib : -ACS INACTIVE PULSE WIDTH 37 ons 2
T2 ADDRIBE(3-0)-A CS SETUP TO -A ALE INACTN 16 - ns
T3 ' ADDRESS HOLD FROM -A ALE INACTIVE 0 -ns 0
T4 A WR ACTIVE TO DATA VALID 0 25ns
T5 A WR ACTIVE PULSE WIDTH 10 -ns 14
T6  -AWR INACTIVE PULSE WIDTH W -ns 24
T7 * DATA HOLD FROM -A WR INACTIVE % s
T8 -AWR ACTIVE TO -ADEN ACTIVE 19 37 ns
T9 A WR INACTIVE TO -A DEN INACTIVE 9 37ns
T10 : -AWR ACTIVE TO +A RDY INACTIVE 0 18ns 13
T11 : P CLK HIGH TO +A RDY ACTIVE 0 15ns 3

Note 0- -A_BE(3-0) are driveractive withADDRESS and are heldalid until -A_DEN is driven inactive.

Note 1- This assumes programming of the C3&yister to 120ns activeridth. Add 40ns to thismmumber for
each corresponding 40ns pulagdth increase.

Note 2- This assumes programming of the C3&yister to 120ns inactiveidth. Add 40ns to thissumber
for each corresponding 40ns pulagdth increase.

Note 3- The +A_RDY signalworks inconjunction with the programming of the CSiagister. +A_RDY
can be used to extendacle timebeyond thatwhich can beprogrammed into th&€SD. +A_RDY is
sampled internally with théirst rising edge ofAIB_CLK after-A_RD goes active (if CSD active time is
120ns). +A_RDY issampledevery30ns thereafter andill extend thecycle for as long as itemains inac-
tive. +A_RDY, if used, sould bedriven inactivecombinatorially within18ns of the-A_RD active signal.
It should bedriven backactive synchronously withAIB_CLK within 15ns.
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Note 4- The minimumcycle time for areadcycle to the AIB is the sum of T5 and T6, @0ns. Thecycle
time can be increased in 40imscrements by programming the CS@gister, orthrough the use of
+A_RDY.
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B.2.3 AIB Interrupt Acknowledge Cycle

3| 4ONS [<
| Al W | W | D | R [ R | A |

AB CLK 4 0 gt
|<--T1->|

AAME  L— ] L

|<--T2->|<--T3->|
A_AD(31-0)| /ADDR/BE(3 0 | 4|/ DATA IN \\\}|\|\| /—| ADDR
_— \ 4l}”/// \ _—

& BE0) \

T4 S [T

5| |-T7a

< T5 >[< T6 >

A INTA | | I
T8 |- 95| |-

A DEN | |

-T10-5] | [<-T11
+A_RDY by~

min - max Notes

TL : -A ALE ACTIVE PULSE WIDTH 3% 45 ns
T2 ' ADDRIBE(3-0) SETUP TO -A ALE INACTIVE 6 -ns
T3 ADDRESS HOLD FROM -A ALE INACTIVE 0 om0
T4 A INTA ACTIVE TO DATA VALID Sans 1
T5  -AINTA ACTIVE PULSE WIDTH 1 -ns 14
T6 : -AINTA INACTIVE PULSE WIDTH 7 -ns 24
T7  DATA HOLD FROM -A INTA INACTIVE 0 -ns
T7a  DATA BUS 3-STATE FROM -A INTA INACTIVE S 2
T8 - -A INTA ACTIVE TO -A DEN ACTIVE 20 37 ns
T9  -ADEN INACTIVE TO -A INTA INACTIVE 8 2 ns
T10  -AINTA ACTIVE TO +A RDY INACTIVE 0 18ns 13
TI1 : P CLK HIGH TO +A RDY ACTIVE 0 15ns 3

Note 0- -A_BE(0) isdriven active withADDRESSduring anINTA cycle and is held validintil -A_DEN is
driven inactive. Also, the address is driven'#tFFFC'hduring the addresphase of thdNTA cycle.

Note 1- This assumes programming of the liHiegister to 120ns activeidth. Add 80ns to thimumber for
each corresponding 80ns pulagdth increase.

Note 2- This assumes programming of the lii@gister to 120ns inactivevidth. Add 80ns to thistumber
for each corresponding 80ns pulagdth increase.

Note 3- The +A_RDY signalworks inconjunction with the programming of the IIRegister. +A_RDY
can be used to extendaycle timebeyond thatwhich can beprogrammed into thélR. +A_RDY is
sampled internally with théirst rising edge ofAIB_CLK after-A_INTA goes active (if IR active time is
120ns). +A_RDY issampledevery40ns thereafter andill extend thecycle for as long as itemains inac-
tive. +A_RDY, if used, sould bedriven inactivecombinatorially within18ns of the-A_INTA active
signal. It swould bedriven backactive synchronously withAIB_CLK within 15ns.
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Note 4- The minimumcycle time for anINTA cycle to the AIB is the sum of T5 and T6, @0ns. The
cycle time can bencreased in 80nmmcrements by programming the IIRegister, orthrough the use of
+A_RDY.
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Appendix C. Local Bus Timings

The Vero module, as a Local Bus master, conforms toGlmenmomFront End (CFE) buspecification
from IBM Austin. Whenrunning at 25MHz, the/ero master conforms to the CF$pec. for signaloading
up to 80pf. As alLocal Busslave,Vero conforms to all CFE buimings except for ADSsetup toL_OSC

active. The CFEspecifies a 7nsninimum setup time. Fomproper operation, ADSnusthave 10ns oketup
time to L_OSCactive.

Vero Local Bus Master

|
‘<----40ns--->|

L_0SC Jig[

-3 |<---Txxx

/ \
L_xxx 4|\ valid | —

Txxx : Clock high to L_xxx activefinactive.

MIN (ns) MAX (ns)
40pf load  80pf load

Trdy 6 25

Thist 6 25

Tads 6 26

Taddr 6 26 (includes parity)
Treq 6 21

The 6 29

Twr 6 29

Texcpt 6 29

Tdata 6 32 (includes parity)

Note - L_REQ specified with 15pf MIN load and 25pf MAX load.
MAX timings can be derated .2ns/pf down to 50pf.
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Appendix D.

In-Circuit Test I/O  Mapping

The Vero chipsupports I/0O mapping on aim-circuit-test fixture. This allows the chip to bstuck andopen
fault tested after it habeensurfacemounted on to therintedcircuit board. By applying &nown fixed test

vector to chipinput pins, anoutputsignal can be made to toggfeom onelogic state toanother.

This can

be observed on the card to determiubether the chip has beesuccessfullymounted on theard. 171 of
174 signals/o's can beverified with this test. Threesignal i/o, the 330ower and groungins, and the
compensatiomesistor can not beerified this way.

ICT mode is entered when the three pins below lareheld During thelinehold condition, application of
the inputvectorsshown,will yield a known response on the correspondingtputvectorpin.

011)=0:

LINEHOLD - (002)=1;
193)=1

ICT Vector #1

INVECT1(0.8) := (190)[|(008)]|(208
_(009)(013)]

OUTVECTI = (204)

INVECT1(0.8) := B'111111111" :
INVECT1(0.8) = BO11111111" :
INVECT1(0.8) = B001111111" :
INVECT1(0..8) = B'000111111" :
INVECT1(0..8) := B'000011111" :
INVECT1(0..8) := B'000001111" :
INVECT1(0.8) = B'000000111" :
INVECT1(0.8) = B'000000011" :
INVECT1(0..8) = B'000000001" -
INVECT1(0..8) = B'000000000" -

ICT Vector #2

INVECT2(0.9) := (194)||(021)|I( 19)||( 18)II( 16 )II
(014)][(195)(|(202) :

OUTVECT? = (196)

INVECT2(0.9) = B'1111111111'
INVECT2(0.9) = B0111111111'
INVECT2(0..9) = B0011111111'
INVECT2(0..9) = B0001111111'
INVECT2(0..9) = B0000111111'
INVECT2(0..9) = B'0000011111'
INVECT2(0..9) = B(0000001111'
INVECT2(0..9) = B'0000000111'
INVECT2(0..9) = B'000000001L'
INVECT2(0..9) := B1000000000
INVECT2(0..9) := B'0000000000'

)II( 01)l|(00S)

(017)]I(004)

OUTVECT1=0;
OUTVECT1=1;
OUTVECT1=0;
OUTVECT1=1;
OUTVECT1=0;
OUTVECT1=1;
OUTVECT1=0;
OUTVECT1=1;
OUTVECT1=0;
OUTVECT1=1;

. OUTVECT2=1;
. OUTVECT2=0;
. OUTVECT2=1;
. OUTVECT2=0;
. OUTVECT2=1;
. OUTVECT2=0;
: OUTVECT2-=1,
: OUTVECT2=0;
: OUTVECT2-=1,
: OUTVECT2=0;
: OUTVECT2=1,
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ICT Vector #3

INVECT3(0.9) := (03(2)

OUTVECT3

INVECT3(0..
INVECT3
INVECT3
INVECT3
INVECT3
INVECT3
INVECT3
INVECT3
INVECT3
INVECT3

9
9
9
9
9
9
9
9
9
9
INVECT3(0..9

OO ODODODODODODOO

ICT Vector #4

INVECT4(0..10) :

OUTVECT4

INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
INVECT4(0..10
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B
B
B
B
B
B
B
B
B
B
B

(127)
206)

(19
(205

)il

= (192);

1111111111
0111111111
0011111111
‘0001111111
‘0000111111
‘0000011111
‘0000001111
0000000111
0000000011
0000000001
‘0000000000

8
(20

(19

)|
3)

12

(003

|
O)(

7
( 2)(|)7);

. OUTVECT3=1;
: OUTVECT3=0:
. OUTVECT3=1;
: OUTVECT3=0:
. OUTVECT3=1;
: OUTVECT3=0:
. OUTVECT3=1;
: OUTVECT3=0:
. OUTVECT3=1;
: OUTVECT3=0:
. OUTVECT3=1;

(L22)l|(123)|[(L24)]|(129) |(130)

= (188);

B'111111111171'
B'01111111111'
B'00111111111'
B'00011111111'
B'00001111111'
B'00000111111'
B'00000011111'
B'00000001111'
B'00000000111'
B'00000000011'
B'00000000001'
B'00000000000"

|
E(l)3lg!|(029)ll(020)||(025)||(121)||

. OUTVECT4=0;
. OUTVECT4=1,
. OUTVECT4=0;
. OUTVECT4=1;
. OUTVECT4=0;
: OUTVECT4=1;
: OUTVECT4=0;
. OUTVECT4=1,
: OUTVECT4=0;
. OUTVECT4=1;
. OUTVECT4=0;
. OUTVECT4=1,
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ICT Vector #5

INVECT5(0..27)

OUTVECTS

INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27
INVECT5(0..27

(135)](189)]|(185)[|(134)|(133)]
132)||(183)|1(182)1|(L80)||(L78
176)|/(175)[[(174)(|(L72)]|(170
169)(/(168)([(167)(|(166)]|(163
162)(|(161)([(160)(|(159)]](158
157)||(155)(|(154);

= (184);

B'1111111111111111111111111111°
B'0111111111111111111111111111'
B'0011111111111111111111111111'
B'0001111111111111111111111111'
B'0000111111111111111111111111'
B'0000011111111111111111111111'
B'0000001111111111111111111111'
B'0000000111111111111111111111'
B'0000000011111111111111111111'
B'0000000001111111111111111111'
B'0000000000111111111111111111'
B'0000000000011111111111111111'
B'0000000000001111111111111111'
B'0000000000000111111111111111'
B'0000000000000011111111111111'
B'0000000000000001111111111111'
B'0000000000000000111111111111'
B'0000000000000000011111111111'
B'0000000000000000001111111111'
B'0000000000000000000111111111'
B'0000000000000000000011111111'
B'0000000000000000000001111111'
B'0000000000000000000000111111'
B'0000000000000000000000011111'
B'0000000000000000000000001111'
B'0000000000000000000000000111'
B'0000000000000000000000000011'
B'0000000000000000000000000001"
B'0000000000000000000000000000"

. OUTVECTS=1;
. OUTVECT5=0;
. OUTVECTS=1;
. OUTVECT5=0;
. OUTVECT5=1;
. OUTVECT5=0;
. OUTVECTS=1,
. OUTVECT5=0;
. OUTVECTS=1,
. OUTVECT5=0;
. OUTVECTS=1,
. OUTVECT5=0;
. OUTVECTS=1,
. OUTVECT5=0;
. OUTVECT5=1,
. OUTVECT5=0;
. OUTVECT5=1,
. OUTVECT5=0;
. OUTVECT5=1,
. OUTVECT5=0;
. OUTVECTS=1;
. OUTVECT5=0;
. OUTVECTS=1,
. OUTVECT5=0;
. OUTVECTS=1,
. OUTVECT5=0;
. OUTVECT5=1,
. OUTVECT5=0;
. OUTVECTS=1,
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ICT Vector #6

INVECT6(0..29)

OUTVECT6

INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29
INVECT6(0..29

(150)[[(148)][(146)[(145)]|(144)]
143)||(Z4L)[1(140)(I(L39)|(L38
137)(|(120)([(112)(|(112)](113
115)(/(116)([(117)(|(118)]|(032
093)(1(094)/1(095)|(098)}{(022
034)(1(035)]1(036)|/(039)|(040);

= (181);

B'111111111111111111111111111111
B'011111111111111111111111111111"
B'001111111111111111111111111111"
B'000111111111111111111111111111"
B'000011111111111111111111111111"
B'000001111111111111111111111111"
B'000000111111111111111111111111"
B'000000011111111111111111111111"
B'000000001111111111111111111111"
B'000000000111111111111111111111"
B'000000000011111111111111111111"
B'000000000001111111111111111111"
B'000000000000111111111111111111"
B'000000000000011111111111111111"
B'000000000000001111111111111111"
B'000000000000000111111111111111"
B'000000000000000011111111111111"
B'000000000000000001111111111111"
B'000000000000000000111111111111"
B'000000000000000000011111111111"
B'000000000000000000001111111111"
B'000000000000000000000111111111"
B'000000000000000000000011111111"
B'000000000000000000000001111111"
B'000000000000000000000000111111"
B'000000000000000000000000011111"
B'000000000000000000000000001111"
B'000000000000000000000000000111"
B'000000000000000000000000000011'
B'000000000000000000000000000001'
B'000000000000000000000000000000

: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
: OUTVECT6=0:
: OUTVECT6=1;
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ICT Vector #7

INVECT7(0..29)

OUTVECT7

INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29
INVECT7(0..29

(041)]1(042)(1(044)1(046) | (047
048)/|(050)(|(051)/](055)[|(056
057)/((058)(1(059)/1(062)||(063
064)/((068)(|(069)/(073)|((074
075)|((076)(|(077)/1(079)||(080

081)]/(082)(/(083)/|(085)||(086);

177),

B'111111111111111111111111111111
B'011111111111111111111111111111"
B'001111111111111111111111111111"
B'000111111111111111111111111111"
B'000011111111111111111111111111"
B'000001111111111111111111111111"
B'000000111111111111111111111111"
B'000000011111111111111111111111"
B'000000001111111111111111111111"
B'000000000111111111111111111111"
B'000000000011111111111111111111"
B'000000000001111111111111111111"
B'000000000000111111111111111111"
B'000000000000011111111111111111"
B'000000000000001111111111111111"
B'000000000000000111111111111111"
B'000000000000000011111111111111"
B'000000000000000001111111111111"
B'000000000000000000111111111111"
B'000000000000000000011111111111"
B'000000000000000000001111111111"
B'000000000000000000000111111111"
B'000000000000000000000011111111"
B'000000000000000000000001111111"
B'000000000000000000000000111111"
B'000000000000000000000000011111"
B'000000000000000000000000001111"
B'000000000000000000000000000111"
B'000000000000000000000000000011'
B'000000000000000000000000000001'
B'000000000000000000000000000000
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. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,
. OUTVECTT=0;
. OUTVECTT=1,



ICT Vector #8

INVECT8(0..34)

OUTVECT8

INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34
INVECT8(0..34

(066)/)(087)]|(071)]|(054)[|(107)]
109)(1(049)(1(088)11(089)||(090
091)(1(092)((026)([(023)({(099
100)(/(202)({(202)(|(103)]|(104
105)(/(106)[[(192)(|(052)]1(033
037)(1(031)]|(153)||(152)||(151
187)(/(028)[[(027){1(125)](186);

= (173);

B'01000000000000000000000001111101111
B'11000000000000000000000001111101111
B'10000000000000000000000001111101111
B'10100000000000000000000001111101111
B'10110000000000000000000001111101111
B'10111000000000000000000001111101111
B'10111100000000000000000001111101111
B'10111110000000000000000001111101111
B'10111111000000000000000001111101111
B'10111111100000000000000001111101111
B'10111111110000000000000001111101111
B'10111111111000000000000001111101111
B'10111111111100000000000001111101111
B'10111111111110000000000001111101111
B8'10111111111111000000000001111101111
B8'10111111111111100000000001111101111
B8'10111111111111110000000001111101111
B'10111111111111111000000001111101111
B'10111111111111111100000001111101111
B'10111111111111111110000001111101111
B'10111111111111111111000001111101111
B'10111111111111111111100001111101111
B'10111111111111111111110001111101111
B'10111111111111111111111001111101111
B'10111111111111111111111101111101111
B'10111111111111111111111111111101111
B'10111111111111111111111110111101111
B'10111111111111111111111110011101111
B'10111111111111111111111110001101111
B'10111111111111111111111110000101111'
B'10111111111111111111111110000001111'
B'10111111111111111111111110000011111'
B'10111111111111111111111110000010111'
B'10111111111111111111111110000010011'
B'10111111111111111111111110000010001"
B'10111111111111111111111110000010000'

: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
: OUTVECTS8=1;
: OUTVECT8=0:
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Appendix E. Pre-Assembly Bake Requirement

Vero chip should be baked at 12fegress C for 2doursprior to cardassembly. Soldering of theart must
be completed within 9&oursafter baking.
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. Appendix F. Electrical Characteristics

 F.1 D.C. Specifications

| F.1.1 Operating Temperature
| Operating Temperature - Junction: 10 Degrees C to 83 Degrees C
| Operating Temperature - Case: Maximum - 80 Degrees C

| Junction temperature based on simulation temperature range
| of 10 degrees C to 85 degrees C.

| Maximum case temperature based on maximum power dissipation,
| a junction/case (JC) thermal resistance of 3.0, and maximum
| junction temperature.

| F.1.2 Power Dissipation
| Average: 0.6 Watts
| Maximum: 0.8 Watts

| F.1.3 Operating Voltage
| Operating Voltage: 5 Volts +- 10%
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. Appendix G. Packaging

QUAD FLAT PACK 208 LEADED (0.5 mm PITCH)
[ COMPONENT DETAIL |

30.6
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P ar— | = =
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DETAIL A

| Figure 4. Package Information
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QUAD FLAT PACK 208 LEADED (0.5 mm PITCH)
[COMPONENT FOOTPRINT]

#1.07
@ 1.02 .0u2
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SMT SPACING (PITCH) FROM PAD CENTERLINE FIDUCIAL
« SPACING IS TO NEAREST 0.013 (.0005 IN) CLEAR AREA
PAD SPACING [1] PAD SPACING [1] PAD SPACING [1]
] 0.000 (.0000} 19 9.004 (.3545) 37 17.996 (.7085)
2 0.495 (.0195) | 20 9.450 (.3740) 38 18,504 {.7285)
3 1.003 (.0395) | 21 9.995 (,3935) 39 18.999 (.7480)
4 1.498 (.0590) | 22 10.503 (.4135) 40 19.495 (.7675)
5 1.994 (.0785) | 23 10.998 (.4330) 4y 20.003 (.7875)
6 2.502 (.0985) | 24 11.506 (.4530) 42 20.498 (.B070)
7 2.997 {.1180} | 25 12.002 (.4725) 43 21.006 (.8270)
8 3.505 (.138C) | 286 12.497 (.4920) Yy 21,501 (.8465)
) 4.001 (.1575) | 27 13.005 (.5120) 45 21.996 {.8660)
10 4.496 (.1770) | 28 13.500 {.5315) 46 22.504 ({.BB60)
K 5.004 (.1970) | 29 13.995 (.5510) 47 23.000 (.9055)
12 5.499 (.2165) [ 30 14.503 (.5710) IT) 23,495 (.9250)
13 5.994 (.2360) | 31 14.999 (.5905) 49 24.003 (.9450)
14 6.502 (.2560) | 32 15.494 (.6100) 50 24,498 (.9645)
15 6.998 (.2755) 33 16.002 (.6300) Sl 25.006 (.9845)
16 7.506 {.2955) | 34 16.497 (.6495) 52 25.502 (1.0040)
17 8.001 (.3150) 35 17.005 (.6695)
18 B.496 (.3345) | 36 17.501 (.6890)

Figure 5. Circuit Board Footprint
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