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Preface

This documentdescribes thefunctions of the Vero VLSIcomponent. The mainintention of this chip is to
provide anefficient means ofinterfacing several relativelyslow serialcommunicationchips to a high-speed
bursting CFE bus. This isdone through adual-bus structure,eight independent DMA channels,linked-list
chaining andautomatic appended I/O operations.
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− New AIB Data Steeringtable
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− New AIB Detectsignaldefinition
− New AIB Clock signaldefinition
− Added Local Bus Exception toMiami sourced interrupts
− Added Local Bus Exception to Brighton sourced interrupts
− Rearranged Brighton interrupt table
− Added Local Bus Configurationregister
− Added full 64KB DMA byte countcapability
− RearrangedTQC, MPR, and CPR in CDTregister map
− Added restriction tousage ofDCCR and GDCRchannel enablecommand
− Changedbuffer queuing toallow 4K-1 buffers instead of 4K
− Corrected Queuingflow example
− Added 2 Local Businput interruptsignals
− Added a high priority AIB interruptinput
− Changed interruptvector assignments
− Added Interrupt Statusregister
− Added bits to AIBCommand/Statusregister
− 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 Toshibatechnology VLSI
− Changed ground to power pin ratio
− Added AIB wrapcapability
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− Added Local Bus Timing appendix.
− Added ICT I/O Mapping appendix.

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

− Removedrevision code 1, 2, and 3from document.
− Changed QueueTail Pointerregister to'read only' in1.7, “Vero Register AddressMap” on page 19.
− Changed Interrupt Statusregister to'read only' in1.7, “Vero Register AddressMap” on page 19.
− Added Bit 31 in2.2.1,“Channel ControlRegister (CCR)” on page 23.
− Updateddefinition of Bit 0 (enable/disable) in2.2.1,“Channel ControlRegister (CCR)” on

page 23.
− Clarified definition of GDCR stop command in2.2.3,“Global DMA CommandRegister(GDCR)”

on page 27.
− Updated QueueCount initialization requirements in2.2.5,“Transfer/QueueCount Register(TQC)”

on page 29.
− Changed QTP to 'read only' in2.2.10,“QueueTail PointerRegister(QTP)” on page 33.
− Added Section2.3.1,“Linked List Chaining/StoppingMatrix” on page 35.
− Added more description in2.4, “Queuing Operation(NOT Supported)” onpage 36.
− Changed DISR to 'read only' in2.5.1,“DMA Interrupt StatusRegisters(DISR)” on page 40.
− Changed Queue underrunstatus bit definition in2.5.1,“DMA Interrupt StatusRegisters(DISR)”

on page 40.
− Changed bit names to QE and PE in2.6.2,“Local Bus Configurationregister(LBCR)” on page 42.
− Changed polarity of queuingenable bit in2.6.2, “Local BusConfigurationregister(LBCR)” on

page 42.
− Changed polarity of LEDenable value in5.1.2,“LED EnableRegister(LER)” on page 62.
− Changed T7 min to 0ns inB.2.1, “AIB SlaveReadCycle” on page 72.
− Changed T7 min to 0ns inB.2.3, “AIB Interrupt Acknowledge Cycle” on page 76.
− DocumentedLocal Bustimings for CFE incompatibility in Appendix C, “Local Bus Timings” on

page 79.

March 17,1993. Version1.1.0updates.

− Note thatVersion1.0.0 wasnever formally released
− added block diagram (Figure 1 onpage 12)
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− changedlocal bus signal nameL_PAR to L_ADP (for consistency withMiami and Brighton)
− removedA_RDY supportduring DMA
− removed AIB wrapsupport
− clarified A_DETECT use
− clarified Brighton andMiami interrupt pins
− added secondary address select
− removed TCfollowed by EOPsupport
− corrected conflicting AIB OPinformation
− clarified whenwriting QR causesinterrupt
− removed APR bit fromACSR
− removedDFCR register(had no function)
− clarified use of PDR
− the RESETCOMMAND values are in the process of beingverified and should not be reliedupon

July 15,1993. Version2.0.0updates.

− Clarified XINT bus is active low
− Clarified present dectect bits arenon-inverted
− Clarified Queue PointerAddress in QR is invalid when read
− Indicated Queueing is notsupported
− ChangedRESETCOMMAND values
− Changed CSactive and inactivepulse widthvalues
− Clarified the use of bit 31 and bit 0 of CCR
− Added active time for-A_RESETsignal
− Changed max DMA bytecount from '64kb' to '64kb-1'

| April 18, 1995. Version2.0.1updates.

| − Declassifieddocument.
| − Changed contact person toRobertEng.
| − Reworded note not towrite zero DMA bytecount and toinitialize DMA byte count for all DMA
| channels; added note to linkedlist chaining description not to write zero DMA bytecount.
| − Added Electrical Characteristics section to Appendix (temperature, power,voltage).
| − Added Packaging section toAppendix.
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1.0 Vero Component Overview

1.1 General
The majorfunctions of the Veromodule arehighlighted below.

Toshiba(0.8 micron) 12.8mm Semi-customchip; 278,964transistors

− 8 channel dual-bus DMA controller
− Common Front End (CFE)Local Businterface
− Application Interface Bus(AIB bus) interface
− Interrupt controller (80960expanded mode interruptsupport)
− 208 pin PQFP; 174signal I/O, 25 Ground, 8 Vdd
− 25MHz operation

1.2 RAS Highlights
Address/data parity generation andchecking onLocal Bus

Data parity generation and checking on AIB Bus

No write only registers

1.3 Performance
The designpoint of theVero module is toprovide a high performance DMA subsystem forJunoAdapter
daughter carddesigns. Inaddition, the80960supportfunctions of interrupt controller and AIB Businter-
face areintegratedinto the module. The DMA unit iscapable of supporting 0 waitstate Local Busaccesses
for durations of16-byteburstedtransfers. This translatesinto a peak bandwidth of approximately 57MB/s.
In the JunoAdapter implementationhowever, the Brightonmodulewill induce wait statesinto Vero's bus
cycle that reduce itsLocal Bus bandwidthcapability down toabout33MB/s. This is not to say thatVero
can sustain33MB/s on the Local Bus.Vero's sustained rate on the Local Buswill be a function of other
masters such asMiami alsoaccessing theLocal Bus.

In addition tobeing aLocal Bus master, the Veromodule isalso an AIB Busmaster for DMA operations.
Here, the DMA is capable of runningcontinuous160ns buscycles to4-byte wide devices. Thismeans that
for a 4-bytewide devicecapable of supporting acycle time of160ns, abursted rate of25MB/s ispossible.

1.4 Sustained Throughput
The throughput of theVero chip is dependent onspecific AIB implementations. It is intendedthat AIB's
capable of bursted bandwidths of25MB/s andsustained bandwiths of atleast10MB/s bepossible using the
Vero module. Other factors, however, can influence thereal datathroughput of themodule. Theseinclude:

AIB device buffersize

Frequency oflinked list chaining

Frequency of DMAexecuted AIB I/Ooperations (AIBOP's)

Local bus utilization byother masterdevices
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1.5 Vero Block Diagram

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ ³
³ ³
³ ÚÄÄÄÄÄÄÄÄÄÄÄ¿ ³
³ ³ DMA ³ ³
³ ³ Data ³ ³
³ ³ Buffers ³ ³
³ ÀÄÄÂÄÄÄÂÄÂÄÄÙ ³
³ ↑ ↑ ↑ ÚÄÄÄÄÄÄÄÄÄÄÄ¿ ³
³ ÚÄÄÄÄÄÄÄÄÄÄÄ¿ ³ ³ ÀÄÄÄÄÄÄÄH́ ³ ³
³ ³ ÃIÄÄÄÄÙ ³ ³ ³ ³
³ ³ ³ ³ ³ CFE ³ ³
³IÄÄÄH́ AIB bus ³ ³ ³ local bus ÃIÄÄÄÄH³
³ ³ Interface ³ ³ ³ Interface ³ ³
³ ³ ³ ³ ³ ³ ³
³ ³ ³ ÚÄÄÄÁÄÄÄ¿ ³ ³ ³
³ ³ ÃIÄÄÄÄ́ Buffer ÃÄÄÄÄÄH́ ³ ³
³ ÀÄÄÄÄÂÄÄÄÄÄÄÙ ³Control ³ ÀÄÄÄÄÄÂÄÄÄÄÄÙ ³
³ ³ ÀÄÄÂÄÄÄÄÙ ³ ³
³ ³ ↓ ³ ³
³ ³ ÚÄÄÄÄÁÄÄÄÄÄÄ¿ ³ ³
³ ÀÄÄÄÄÄÄÄÄÄH́ Interrupt ÃIÄÄÄÄÄÄÄÄÄÙ ³
³ ³ Controller ³ ³
³ ÀÄÂÄÂÄÂÄÄÄÂÄÙ ³
³ ↑ ↑ ↑ ³ ³
³ ³ ³ ³ ↓ ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Figure 1. Major FunctionalBlocks in Vero
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1.6 Vero Signal Description
The following tablesprovide a description of eachsignal in theVero module. See Appendix A, “Vero Pin
Name/NumberCross Reference” onpage 63 formodule pinnumberinformation.

1.6.1 Vero Local Bus Signals (CFE Bus)

Table 1. Vero Local BusSignals

Name Type Description

L_AD(31-0) I/O Local Address/Data(31-0)are used for both address generation and data
transfer on theLocal Bus. Theaddress is driven by Vero when itowns
the Local Bus andreceivedotherwise. Data isdriven by thedevice pro-
viding the data.

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

L_W/-R I/O Local Write/-Read is used for Local Bustransfers to establish the direc-
tion of dataflow. This signal isdriven when Vero is theLocal Bus
master andreceivedotherwise.

-L_RDY I/O -Local Ready indicates thetermination of a datatransfer. This signal is
driven by Vero as aslave and received whenVero is the Local Bus
master.

-L_BLAST O -Local Burst Last is driven by Vero as amaster toindicate the last
transfer of aburst access.

-L_ADS I/O -Local Address Strobe indicates valid address and thestart of a new bus
access. This signal isdriven by Vero as amaster andreceived byVero
as a slave.

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

-L_REQ O -Local Bus Requestis driven by Vero to request use of theLocal Bus
for transfers to andfrom the Vero DMA channels.

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

-L_EXCPT I/O -Local Exception is received byVero when it is the Local Bus master if
the slavedetects a critical error, ie.Local Bus parity error. Verowill
halt the currenttransfer andpost an interrupt in the appropriate DMA
interrupt statusregister (see 2.5.1,“DMA Interrupt StatusRegisters
(DISR)” on page 40). As aslave on theLocal Bus Verodrives this
signal when itdetects bad data parity on a write to one of its internal
registers. Nointerrupt or status is reported inthis 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) I/O AIB Address/Data(31-0)are the multiplexed address and data bits for
the AIB interface. For DMA data transfer to a DMAslave AIB device
theselines are dataonly. All DMA data transfers use implicit
addressing of the I/O device with theDACK signals. For 80960 data
transfer to the AIB an address is generated onAD0-18 during thefirst
clock cycle and then data ispresented onsubsequentcycles.

A_PAR(3-0) I/O AIB Data Parity(3-0) are the data parity data bitsthat aredriven by the
devicesupplying data during a data transfercycle. Each bit is thegener-
ated odd parity bit for the corresponding byte of data. Verogenerates
the parity bits duringwrites and can checkthem during reads.

-A_ALE O -AIB Address Latch Enable is provided during80960 datatransfer to
allow an external address latch to demultiplex theAD0-18 signals.
Address isvalid before and after thefalling edge ofthis signal.

-A_BE(3-0): I/O -AIB Byte Enables(3-0)are driven along with address during80960 data
transfer to theAIB. These foursignalsindicate to the AIB which data
bytes arevalid for a given cycle forwrite operations. They areused
during readoperations to tell the AIB which databytes are considered
to be valid for thereadaccess.

During DMA readoperations to a DMAslave AIB device,thesesignals
are driven by the DMAdevice toindicate to the DMA controller which
data bytes arevalid for that cycle. During DMA write operations,these
signals aredriven by the the DMA controller to indicate to thedevice
how many data bytes arevalid for that cycle.

-A_WR O -AIB Write is driven activeduring a writeoperation to an AIBslave
device.

-A_RD O -AIB Read is drivenvalid during a readoperation to an AIBslave
device.

-A_DEN O -AIB Data Enable is driven activeduring the data phase of acycle to an
AIB slave device. Forreads, it is anindication that it is nowalright to
enable data on to thebus. Forwrites, it is anindication that data is
now valid on thebus.

-A_CS(0-4) O -AIB Chip Select(0-4)are driven active when avalid addressdecode is
detected for the address ranges defined in theCSD0-4registers.

+A_RDY I +A IB Ready is used to pace thecycle if the activecycle time for an
AIB slave device is greater than theprogrammedcycle time (see4.2.1,
“Chip SelectDefinition registers(CSD0-4)” onpage 54). The AIB bus
is normally 'ready', and thissignal isdriven low by theslave device to
extend thecycle time. A_RDY is not supportedduring DMA transfers.

-A_RESET O -AIB Reset is used to reset theAIB. It is driven active for 60ns after
the rising edge of the-RESETinput signal, and canalso be driven
activeunder program control of the80960 to resetjust theAIB.

-A_ERROR I -AIB Error input is driven by the AIB when any AIB definedcritical
error occurs. Thiswill cause vector #232 to be generated. (see
Table 12 onpage 44).
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Table 2 (Page 2 of 2).Vero AIB Bus Signals

Name Type Description

A_CLK O AIB Clock is the 25MHz AIB reference clock.

-D_REQ(0-7) I -DMA Request(0-7)are the eight DMArequestsignalsthat AIB devices
use to request DMAservice. Thesesignals aredriven activeasynchro-
nously and driven inactive inresponse to thedevice receiving thecorre-
spondingDACK signal.

-D_ACK(0-7) O -DMA Acknowledge(0-7)are the eight DMA acknowledgesignalsthat
the DMA controllerdrives to the AIB Bus when thecorresponding
DREQ is beingserviced. Theduration ofthesesignals are individually
programmable within theDAPW registers toallow for both fast and
slow devices to coexist on the AIB withminimal externallogic.

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

For a DMA transmit channel, EOP can be either a synchronousoutput
or an asynchronous input. As anoutput, EOP isdriven activesynchro-
nous with the dataDACK transfer on which a DMA terminalcount
condition occurs.

For a DMA receivechannel, EOP can be either a synchronousinput or
an asynchronous input. Eithercase canoptionally cause a DMA
channel toflush thecurrentbuffer, stop, interrupt, or chain.There is a
separate EOPsignal foreach DMA channel.

-A_DETECT I -AIB Detect input must bedriven low to allow VERO AIB bus to
function. The state of thissignal isreadable in the5.1.1,“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 busthat iscompatible
with the 80960CA expanded modeinterrupt structure. Verointernally
manages the prioritization of interruptinput signals andtranslatesthose
inputs intospecific interrupt vectors which are placed on thisbus. This
bus is active low.

-A_INT(3-0) I -AIB Interrupts(3-0) are four separateinterrupt inputsignalsthat are
driven active bydevices on the AIB wheninterrupt service by the 80960
is required. -AIB_INT(0) and -AIB_INT(1) can beoptionally pro-
grammed torequire the interruptingdevice to supply an 8-bit interrupt
vector when the corresponding INTACK signal isdriven active. Also,
these two inputs can beused as directinterrupt inputs with the vector
being automatically supplied by the Vero chip.-AIB_INT(2) and
-AIB_INT(3) are alwaysused as directinterrupt inputs with thevector
automatically being supplied by the Vero chip.

When operating-AIB_INT(0) or -AIB_INT(1) in interrupt acknowl-
edgemode, the interruptmust becleared at itssource, AND theappro-
priate EOI to the interrupt controllermust beissued, orinterrupts
below that prioritization level will be locked out (see3.3.1, “AIB INT0
End-of-Interrupt (EOI0)command” onpage 50 and 3.3.2, “AIB INT0
End-of-Interrupt (EOI1)command” onpage 50).

-A_INTACK(1-0) O -AIB Interrupt Acknowledge(1-0)are two separateoutput signals to the
AIB that arecoupled to each of the-AIB_INT(0) and -AIB_INT(1)
signals. When adevice uses the-AIB_INT(1-0) signals and theVero
chip is programmed to request anexternal vector, itmust becapable of
responding to the corresponding-AIB_INTACK(1-0) signal by driving
an 8-bit interruptvector onlines A_AD(7-0) during theinterrupt
acknowledgecycle.

-L_INT(1-0) I -Local Bus Interrupts(1-0) are two separateinterrupt inputsignals for
devicesthat mayreside on theLocal Bus (orelsewhere).

These inputsmust be heldactiveuntil the interrupt has been acknowl-
edged by aread or write to aninterrupt devicestatusregister,which
clears theinterrupt at itssource.

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

B_INT(3-0) I -Brighton Interrupts(3-0) are four encoded interrupt inputsthat can
interface to the Brightonchip. Thesesignalscorrespond tocertain
interrupts as shown in Table 12 onpage 44. Ifunusedthesesignals
should bepulled up to+5V .

-WDOG O -Watch Dog Error can be used to provide anoutput signal to the
Miami chip when the watchdog timer interrupt isissued. 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
(6-0)

I PresenceDetect(11-8) and PD (6-0)are used as dedicateddigital inputs
to Vero. (see5.1.1,“Presence DetectRegister(PDR)” on page 61).

-LED_EN O -LED Enable is a signaldedicated to enabling an external lightemitting
diode for diagnosticpurposes. (see5.1.2,“LED EnableRegister
(LER)” on page 62).

PRI/-SEC_ADDR I Primary/-Secondary Address Select is a dedicatedinput for selecting the
address map on theLocal Bus for Vero. Thisinput 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 theprimary
address. This pin should bedriven low external to the chip in order to
select the secondary address. Theprimary address mapwill be from
1FF00000 h to1FF8FFFF h. Thesecondary address mapwill be from
1FE00000 h to1FE8FFFF h. (see1.7.1,“Vero Primary and Secondary
Address MapInformation” on page 19).

Note: This speclists all addresses asprimary addresses. Forsecondary
addresses use1FExxxxx instead of1FFxxxxx.

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 Businput reference clock. Allinternal
functional non-overlappingclocks are derivedfrom this oscillator. All
CFE Bus signals are referenced tothis clock.

TST_CLKA I LSSD A_Clock is used duringLSSD testing of the chip. This pin
should bepulled up to + 5 v external to the chip duringnormal opera-
tion.

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

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

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

RAMTSTEN I Ram Test Enable is used to enable testing of the internalRAM's during
LSSD test. This pin should bepulled up to + 5 v external to the chip
during normal 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 andoutputs of thechip. This
pin should bepulled up to + 5 v external to the chip duringnormal
operation. This pin istied low at thesame timethat the INCIRCUIT
TEST pin istied high to tri-state all internal off chipdrivers.

ICT_EN I In-Circuit Test places the chip in an I/Omapping mode forin-circuit
testing (seeAppendix D, “In-Circuit Test I/OMapping” on page 81).
This pin should bepulled up to + 5 v external to the chip duringnormal
operation. TheDRIVER INHIBIT pin must betied high to put the
chip into ICT mode.

COMP_RES I Compensation Resistoris a chip inputused to adjust thespeed of all
internaloff-chip drivers. This signal should bepulled up to + 5 v
through a 909 + / - 1% ohmresistor.

-RESET I Resetis the resetinput signal to thechip.
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1.7 Vero Register Address Map
The memory map of all registersaddressablewithin the Veromodule is shownbelow. Detailed information
is found in theindicated section.Eachregister is 4 byte aligned in the addressspace and should beaccessed
using80960 'word' load(ld) and 'word'store (st) instructions.

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

At the end of eachregisterdescription section,that registersRESETconditions are shown.RESET
COMMAND refers to thevalue that theregisterbits assume if a DMA channel isreset using either the
DMA ChannelCommandRegister (see2.2.2,“DMA ChannelCommandRegisters(DCCR 0-7)” on
page 26) or theGlobal DMA CommandRegister (see2.2.3,“Global DMA CommandRegister(GDCR)”
on page 27).Also, a 'U' in the "Reset Conditions"sectionmeansundefined, and an 'S'means thevalue
stays thesame as before theresetcommand.

1.7.1 Vero Primary and Secondary Address Map Information
This documentwill only reference theprimary addresses for theVero registers. Theprimary and secondary
addresses for theVero 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
Address

Access
Type

Section

DMA Channel 'x'AIB_ADDR 1/2 1FF8x000h r/w 2.2.7

DMA Channel 'x' AIB_OP1Data 1FF8x004h r/w 2.2.8

DMA Channel 'x' AIB_OP2Data 1FF8x008h r/w 2.2.9

DMA Channel 'x' MemoryPointer 1FF8x00Ch r/w 2.2.4

DMA Channel 'x' Transfer/QueueCount 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 2.2.1

DMA Channel 'x' QueueTail Pointer 1FF8x01Ch ro 2.2.10

DMA Channel 'x'Command 1FF8x020h r/w 2.2.2

DMA Channel 'x' Queuing 1FF8x024h r/w 2.4

DMA Channel 'x' Interrupt Status 1FF8x028h ro 2.5.1

DMA Channel 'x' FifoResidualCount 1FF8x02Ch ro 2.6.1

Global DMA Command 1FF88000h r/w 2.2.3

Local Bus Configuration 1FF88008h r/w 2.6.2

Queuing Status 1FF8800Ch r/w 2.4.2

Note: 'x' = DMA channelnumber.

Vero ComponentOverview — Page 19 of 94



Unclassified

Table 7. Vero Interrupt Registers

Name Local Bus
Address

Access
Type

Section

Interrupt Initialization 1FF88010h r/w 3.2.1

Interrupt Mask 1FF88014h r/w 3.2.2

Interrupt Status 1FF88018h ro 3.2.3

AIB INT0 End-of-Interrupt 1FF89000h wo
(command)

3.3.1

AIB INT1 End-of-Interrupt 1FF8A000h wo
(command)

3.3.2

Table 8. Vero AIB Registers

Name Local Bus
Address

Access
Type

Section

Chip SelectDefinition 0 1FF8B000h r/w 4.2.1

Chip SelectDefinition 1 1FF8B004h r/w 4.2.1

Chip SelectDefinition 2 1FF8B008h r/w 4.2.1

Chip SelectDefinition 3 1FF8B00Ch r/w 4.2.1

Chip SelectDefinition 4 1FF8B010h r/w 4.2.1

DMA Acknowledge PulseWidth 0 1FF8B030h r/w 4.2.2

DMA Acknowledge PulseWidth 1 1FF8B034h r/w 4.2.2

DMA Acknowledge PulseWidth 2 1FF8B038h r/w 4.2.2

DMA Acknowledge PulseWidth 3 1FF8B03Ch r/w 4.2.2

DMA Acknowledge PulseWidth 4 1FF8B040h r/w 4.2.2

DMA Acknowledge PulseWidth 5 1FF8B044h r/w 4.2.2

DMA Acknowledge PulseWidth 6 1FF8B048h r/w 4.2.2

DMA Acknowledge PulseWidth 7 1FF8B04Ch r/w 4.2.2

AIB Command/Status 1FF8C000h r/w 4.2.3

Table 9. Vero Miscellaneous Registers

Name Local Bus
Address

Access
Type

Section

PresenceDetect 1FF8D000h 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 onLocal Bus
16-bit 64KB addressability on AIB Bus for AIBOP's
separate DREQ andDACK signals foreach DMA channel
programmableDACK cycle time
64KB byte countcapability
8 word descriptor block foreach channel
linked list chaining ofbuffers on allchannels
chainingsupport forend-of-process and terminalcount condition
buffer queuing (up to 4K-1buffers) on allchannels
automaticstorage of residual transfercount onchain event
automaticstorage of AIB OP reads onchain event
up to 2 programmable auto I/O operations on chainevent
7 interruptsources for each channel

Each of the 8 DMAchannels are of equal function.Each channel can be programmed tosupport data
transfer, 1)from the AIB Bus to the Local Bus(receive) or, 2)from the Local Bus to the AIB Bus
(transmit). Theservicepriority is fixed with CH0 having highest priority and CH7 having lowest priority.

Each channel iscontrolled by an 8 word ChannelDescriptor Table(CDT). The program normallywrites
the desired CDT register values to memoryresident structurescalledChannelDescriptor Blocks(CDB's).
The program thenwrites the starting address of a CDB to theQueuingRegister (see2.4, “Queuing Opera-
tion (NOT Supported)” onpage 36). Atthis point, the CDB isautomaticallyfetchedfrom memory and
loadedinto the CDT. Chains ofCDB's arelinked using thisqueuing mechanism.Alternately, the CDT
registers can beprogrammeddirectly.

Once enabled, a channelwill service DMA requestsfrom the AIB Bus until one of anumber ofprogram-
mable conditions isreached. If the DMA channel isprogrammed to stop on one ofthese conditions, the
channel can be re-enabled with awrite to theChannel ControlRegister(CCR), or byqueuing another
buffer. Any condition that can stop thechannel canalso interrupt the80960. Also, the channel has the
ability to interrupt without stopping thechannel. All of theoptions are programmable in the CCR and are
described later.

The two types of DMA requeststhat comefrom the AIB Bus can beclassified as aTransmitrequest(TR)
or a Receive request(RR).

Once a TR is received, the DMAcontroller arbitrates forcontrol of the Local Bus, and whengranted
control, bursts 16bytes of datafrom memory intothat channel'sFIFO buffer. The data is then transferred
to the requestingdevice across the AIB Busuntil the FIFO buffer is empty. Thisallows data transfer to the
AIB device to occur in the background of Local Busactivity.

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

DMA FIFO Buffer: As mentioned above, datatransferfrom Local Bus to AIB Bus is notdirect, butrather,
is buffered in a set of fifo's.There is a 16 bytedeepfifo associated with each DMAchannelthat acts as an
intermediate storage area fordata. Thefifos support highspeedaccess sothat all accesses to theLocal 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 speedburstedaccesses.:
The fifo's are configuredsuchthat AIB Bus accesses andLocal Busaccesses canoccur simultaneously. One
DMA channel can be performing a read orwrite on the AIB Bus, while at thesame time,another channel is
performing a read or write on theLocal Bus.

2.2 Channel Descriptor Table
Table 10 shows the organization of the channel descriptor table for one of the DMAchannels. This table is
duplicated for each of the 8 DMA channels. The tableexists in theaddress space of the80960 and is acces-
sible via32-bit 'load' and 'store' typeinstructions.

Table 10. Vero Channel Descriptor Table(CDT)

Register Name Local Bus
Address

Valid Bits

QueueTail Pointer(QTP) 1FF8x01Ch 31-0

Channel ControlRegister(CCR) 1FF8x018h 21-0

Chain PointerRegister(CPR) 1FF8x014h 31-0

QueueCount Register(TQC) 1FF8x010h 27-16

TransferCount Register(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 Register(AIB_ADDR2) 1FF8x000h 31-16

AIB OP1 Address Register(AIB_ADDR1) 1FF8x000h 15-0

Note: 'x' = DMA channelnumber.
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2.2.1 Channel Control Register (CCR)

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

Register Format

(80960 Address = 1FF8x018h) r/w x = channel #

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

| stopping | interrupt | chaining | definition | |
| options | options | options | options | |
ÚÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³STP³STP³STP³INT³INT³INT³LCH³LCH³LCH³ PORT ³EOP³EOP³ TR³+T/ ³EN/³
³ 2 ³ 1 ³ 0 ³ 2 ³ 1 ³ 0 ³ 2 ³ 1 ³ 0 ³ SIZE ³DIR³AEN³SYN³-R ³DIS³
ÀÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

31 30 22 21 20 19 18 17 16
AIB AIB

| | | write | operation |
| | Reserved |control| control |
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³GEN³ ³ WR³ WR³ OP³ OP³#IO³#IO³
³STA³ Reserved ³ 1³ 0³ #2³ #1³OPS³OPS³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bit 31. General purposestatus bit. This bit can be used for any applicationdependent purpose. It has
no function internal to the chip. It isupdated by I/Owrites, andduring list chainingfetches.

Bits 30-22. Reserved. Alwaysprogramthese bits to '0'.

Bits 21-20. These two bits are encoded toindicatewhat 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 iscoupled with bits 16 and 17. Itdefines thesecond IO
operation to the AIB Busafter achain event to be a read orwrite. 0 = read. 1 = write. If the
operation is awrite, the datawritten is defined bybits 20 and 21 of theCCR. If theoperation is aread,
the data will bestored inmemory.

Bit 18. AIB OP #1, read or write. This bit iscoupled with bits 16 and 17. Itdefines the first IO
operation to the AIB Busafter achain event to be a read orwrite. 0 = read. 1 = write. If the
operation is awrite, the datawritten is defined bybits of theAIB_OP1 register. If theoperation is a
read, the datawill be stored inmemory.

Bits 17-16. Number of IOoperations to AIB Busupon chain event. These two bits are encoded to
provide the DMA controller with the ability to execute up to 2discrete IOoperations to the AIB Bus
following the recognition of a chain event. Theaddress towhich thefirst IO operationoccurs isdefined
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by bits 0-15 in theAIB_ADDR 1/2 register. The address towhich the second IOoperationoccurs 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 IO operations upon chain event.
11 = Reserved.

Bit 15-13. Encoded DMA channel stopping options.

STP2 STP1 STP0 Stopping Option
---- ---- ---- ---------------

0 0 0 Do not stop
0 0 1 TC=0
0 1 0 EOP
0 1 1 TC=0 "or" EOP
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

When achannel is stopped, the CCRenable/disable bit is reset. Also, a chainingcondition takes preced-
ence over astopping condition if both occur at the same timesince thechainingcondition causes a new
CCR enable/disable bit to be fetchedfrom memory.

Bit 12-10. Encoded DMA interrupt options.

INT2 INT1 INT0 Interrupt Option
---- ---- ---- ----------------

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

Bit 9-7. Encodedlist chaining enablingoptions.

LCH2 LCH1 LCH0 Chaining Option
---- ---- ---- ---------------

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

The chaining NOP selection, when detected, immediately causes thenext CDB in memory tofetched
without processing the CDBcontaining the NOP.

Bit 6-5. DMA port size. These two bits define the dataport size of the DMA device.
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PS1 PS0 Data Port Size
--- --- --------------

0 0 8-bit
0 1 16-bit
1 0 32-bit
1 1 Reserved

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

If the channel is a transmit DMA channel, andthis bit is '0', then the EOPsignal isdriven synchro-
nously with the last byte transferred whenT C = 0 . For atransmit channel, ifthis bit is '1', then EOP is
an asynchronous input that cancausing chaining based on how bits 7-9 areprogrammed. Asynchronous
EOP'smust onlyoccur on 16-byteboundaries for TxDMA.

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

Bit 3. EOP asynchronous inputenable. When this bit is set to '1' the Vero chip is enabled to detect an
asynchronous EOP input.When reset, the chipwill not detectasynchronous EOP inputs. TheVero
chip is ALWAYS enabled to detectsynchronous EOP inputs.

Bit 2. DMA transfersynchronizationoption. Whenthis bit is set to '0' all DMA transfers aresynchro-
nized by the DREQinput pins of the Vero chip. The DREQsignalmust becomeactive for a DMA
transfer to occur.When this bit is set to '1' DMA transfers are notsynchronized to the DREQinput
pins. DMA transferswill begin assoon as the CCR bit 0 isenabled andwill continue until a channel
stopping condition isreached.

Bit 1. -Receive/+transmitindicator. 0 = channel isservicing receive DMArequests; 1 = channel is
servicingtransmit DMA requests. Forreceiverequests, data transfer is FROM AIB Bus TOLocal Bus.
For transmitrequests, data transfer is FROMLocal Bus TO AIB Bus.

Bit 0. +Enable/-disablechannel. 0 = channeldisabled toservice DMA requests; 1 = channel enabled
to service DMA requests. This bit can be used to disable thechannel 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 duringlist
chaining readsfrom memory. This bit canalso be set/reset via theDCCR. (see2.2.2,“DMA Channel
CommandRegisters(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 unless anon-zerovalue hasbeenpreviously written to theQueueCount
portion of the TQCregister (see 2.2.5,“Transfer/QueueCount Register(TQC)” on page 29).

Note: This bit or bit 0 of the DCCRregistersalone should not beused as a status bit to determine if
Vero is disabled,stopped, orreached 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 during alinked list chaining. The following is anexample
assumingthat bit 31 and bit 0 of the CCR are set in the mainCDB's and arereset in thedummy CDB's
:
Bit 31 Bit 0 Vero status

1 1 Running
1 0 Chaining
0 0 Stopped.

Reset Conditions

POWER-UP: U000 0000 00UU UUUU 0000 0000 0UU1 0UU0
RESET COMMAND: S000 0000 00SS SSSS SSSS SSSS SSSS SSS0
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2.2.2 DMA Channel Command Registers (DCCR 0-7)

Description: The DCCR supports two commands. Oneallows for the bit manipulation of the CCR
enable/disable bit. This bit allows CCR bit 0 to be set/resetwithout affecting theother CCRbits. A second
commandallows internal logic to be reset to aknown state if an errorcondition causes achannel tostop
before completion. A separatecommandregister exists tocontrol each DMA channel.: The command to
enable a channel should not beissued with thesamewrite that releases thechannel from aresetcommand.

Register Format

(80960 Address = 1FF8x020h) r/w x = channel #

31 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³RES³DIS³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

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

Bit 1. Reset channelcommand. Setting this bit to '1' causes achannel to bereset asshown by the
ResetCommand foreachregister. Thechannel is held in theresetstate until the bit is set back to '0'.

Bit 0. Disable channelcommand. Bit 0 = '0'defines thecommand todisable thechannel. Bit 0 = '1'
defines thecommand toenable the channel. Bit 0 of theCCR, if read,will reflect a disablecommand if
it is issuedthrough theDCCR.

When achannel isdisabled, any internally pendingoperations are performedbefore 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 00S0
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2.2.3 Global DMA Command Register (GDCR)

Description: The GDCR allows twocommands to beissued globally to all DMAchannels at once. It
allows all DMA channels to be'stopped' with one command or all DMAchannels to bereset with one
command. The 'stopped'state of each channel isreflected in theEN/DIS bit of the CCR.: The command
to re-start all channels should not beissued with thesame write that releases allchannels from areset
command.

Register Format

(80960 Address = 1FF88000h) r/w

31 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³RES³STP³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

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

Bit 1. Reset all channelscommand. Setting this bit to '1' causes all thechannels to bereset asshown
by the ResetCommand foreachregister. All channels are held in theresetstate until the bit is set back
to '0'.

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

When a channel is'stopped', allinternally pendingoperations are performedbefore 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 00S0
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2.2.4 Memory Pointer Register (MPR)

Description: The MPR contains the 32-bitLocal Busaddress of the next data byte to beDMA'ed. There
are no alignment restrictions on theaddressprogrammed intothis register.

Register Format

(80960 Address = 1FF8x00Ch) r/w x = channel #

31 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ Memory Pointer ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: UUUU UUUU UUUU 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 separatecount values. Bits 0-15contains the current DMA
transfercount in bytes. Values from 0001h toFFFFh can beprogrammed. Thisallows DMA transfers of
from '1' to '64KB-1' to betransferred. Thisregister isautomaticallysavedinto memory when achain event
occurs. This isshown inFigure 2 onpage 34. When areceive DMA channel has been programmed with a
port size of 32-bits, transfercount values 0001h, 0002h and 0003h areillegal and should not beprogrammed.
When areceive DMA channel has been programmed with aport size of 16-bits, a transfercount value of
0001h isillegal and should not be programmed.

For a transmit DMA channel, a T C = 0 condition isalways defined as the transfercount value goingfrom
0001h to 0000h. For areceive DMA channel, a T C = 0 condition depends on theport size. For a32-bit
port a T C = 0 condition is when thetransfercount value isless than 4. For a16-bit port a T C = 0 condition
is when the transfercount value is less than 2. For an8-bit port a T C = 0 condition is when thetransfer
count value is 0000h.

Bits 16-27 of this registercontains acount of the number ofCDB's that have beenqueued by the Queuing
Register(QR). Thisallows up to'4K-1'(or 'FFF'h) CDB's to bequeued per DMA channel.Each 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 (astop condition or achain conditiondefines
the end of a CDB)this register isdecremented by one.Softwaremust initialize the QueueCount to '000'h if
queuing is enabled in theLBCR (see2.6.2, “Local BusConfiguration register (LBCR)” on page 42). If
queuing isdisabled in theLBCR then theQueueCount must bewritten to a non-zerovalue or the CCR
enable/disablewill not be able to be set to '1' toenable the DMA channel.

If the queue countregisterequals'0001'h and a chainevent occurs, itwill decrement to '0000'h. This means
that another CDB has notbeen queuedfast enough. Inthis case, thechannel is automatically stopped and
an error interrupt (queueunderrun) is posted.

Register Format

(80960 Address = 1FF8x010h) r/w x = channel #

31 28 27 16 15 0
ÚÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ Reserved ³ Queue Count ³ DMA Byte Count ³
ÀÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: 0000 UUUU UUUU UUUU UUUU UUUU UUUU UUUU
RESET COMMAND: 0000 SSSS SSSS SSSS SSSS SSSS SSSS SSSS

| Note: Never write a zero value to the DMA bytecount portion, eitherdirectly or by linkedlist chaining.
| Also, a non-zerovalue must bewritten to the DMA bytecount portion ofthis register for all DMA chan-
| nels whenever ahardwarereset hasoccurred.
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2.2.6 Chain Pointer Register (CPR)

Description: The CPR contains the 32-bitaddresspointer that points to the memorylocation where the
DMA controller will fetch the CDB for the next buffer when achain event occurs. The lower 2 bits of this
register should always beprogrammed to '00' so that thechain pointer is 4 bytealigned. The following two
conditions define a chaining event.

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

Note: The CPR shouldalways point to a valid memory location. This location should contain avalid
"dummy" CDB with the channel control set tostop thechannel anddisable listchaining.

Register Format

(80960 Address = 1FF8x014h) r/w x = channel #

31 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ Chain Pointer ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: UUUU UUUU UUUU 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 1/2 registercontains two separate 16-bitaddressfields. Bits 0-15 defines the
first AIB address of two possible I/Ooperationsthat thehardwarewill perform when a chain event occurs.
Bits 16-31 defines thesecond AIB address of two possible I/Ooperationsthat the hardwarewill perform
when a chain event occurs. Thefirst operation(read or write) is directed at the address defined bybits 0-15
of this register. For a writeoperation, the data isdefined by the value in theAIB_OP1 DATA register. For
read operations, the dataread is stored in memory at the CPRaddress(the first address of the nextCDB).
Also, since the AIB supports an19-bit (512KB) address space,deviceswhich use this featuremust reside
within the lower 64K of the512K AIB address space. The secondoperation(read or write) is directed at the
address defined bybits 16-31 of this register. Thisoperation is thesame as thefirst except that the data
written to the AIB isthat contained in theAIB_OP2 DATA register or may be apre-definedfixed value, as
defined in CCRbits 20-21.

Register Format

(80960 Address = 1FF8x000h) r/w x = channel #

31 16 15 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ 2nd AIB_OP Address ³ 1st AIB_OP Address ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: UUUU UUUU 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_OP1registercontains the datafield of the first of two operationsupon achain event.
When achain event occurs, the DMA controller can beprogrammed to perform up to two I/O operations
to any AIB Bus address in the lower 64K of the AIB address space. Thefirst operation(read or write) is
directed at the address defined bybits 0-15 of theAIB_ADDR 1/2 register. For a writeoperation, the data
is defined bythis register.

Register Format

(80960 Address = 1FF8x004h) r/w x = channel #

31 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ 1st AIB_OP Data ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: UUUU UUUU UUUU UUUU UUUU UUUU UUUU UUUU
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS

2.2.9 AIB_OP2 DATA Register (AIB_OP2)

Description: The AIB_OP2 registercontains the datafield of the second of two operationsupon achain
event. When a chain event occurs, the DMA controller can beprogrammed to perform up to two I/O
operations to any AIB Busaddress in the lower 64K of the AIB address space. The secondoperation(read
or write) is directed at the address defined bybits 16-31 of theAIB_ADDR 1/2 register. For a writeopera-
tion, the data isdefined bythis register or may be apre-definedfixed value, as defined bybits 20-21 of the
CCR.

Register Format

(80960 Address = 1FF8x008h) r/w x = channel #

31 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ 2nd AIB_OP Data ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: UUUU UUUU UUUU 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 registercontains the starting memoryaddress of the last CDBthat was queued by
the QR (see 2.4,“Queuing Operation(NOT Supported)” onpage 36). Thehardware manages thisregister
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
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ Queue Tail Pointer ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: UUUU UUUU UUUU UUUU UUUU UUUU UUUU UUUU
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SSSS
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2.3 Linked List Chaining (LLC)
The Vero DMA controller supports afeature known asLinked List Chaining (LLC), sometimescalled
scatter/gatherDMA. This feature allows theprogrammer tocreate, inmemory, lists of different databuffer
areas and buffercounts (CDB's) that can beautomatically reloaded to the CDTafter a terminal count or
end-of-processcondition for the present databuffer hasoccurred. The channel can optionally interrupt or
not interrupt the80960 when any ofthese conditions has occurred. Also, the DMA channel can independ-
ently bestopped or not stopped atthis point. In additioncertaincontrol information for the channel can be
changed during the chainingoperation.

Within the CDT, a 32-bit addresspointer (CPR) ismaintained. This points to a CDB in memory. At the
time of terminal count or end-of-process detection, if linkedlist chaining is enabled, the hardwarewill do
three memorywrites followed by seven memory reads starting atthis chainpointer address. It storesinto
memory the present DMA transfer bytecount, and any dataread from the AIB Bus by AIB_OP1 or
AIB_OP2. It then fetches seven newwords of CDB information asdetailed below. At the end of this
operation, the CPR in the CDTwill be the CPRvalue that wasjust readfrom the CDB in memory. This
address is the starting address of the next CDB in the chain. This provides amechanism tooff-load the
80960from processing DMAterminal count orend-of-process interrupts. In theory, thislist of buffers could

| occupy anyamount of freememory. This concept isdetailed inFigure 2. Note: Make sure thatlinked list
| chaining does not load a DMA bytecount ofzero.

MEMORY
______

31 0
. .
. .
ÃÄÄÄÄÄÄÄÄÄÄÄÄÄ́

CPR + <24h> ---------> ³ ³---<Channel control>
ÃÄ Ä́
³ ³---<Chain pointer>
ÃÄ Ä́
³ ³---<DMA byte count>
ÃÄ Next Ä́
³ Buffer's ³---<Memory pointer>
ÃÄ CDB Ä́
³ ³---<AIB_OP2 data>
ÃÄ Ä́
³ ³---<AIB_OP1 data>
ÃÄ Ä́

CPR + <0Ch> ---------> ³ ³---<AIB_ADDR 2/1>
ÃÄÄÄÄÄÄÄÄÄÄÄÄÄ́
³ ³---<AIB_OP2 read data>
ÃÄ Previous Ä́
³ Buffer's ³---<AIB_OP1 read data>
ÃÄ Status Ä́

CPR + <00h> ---------> ³ ³---<DMA byte count>
(current CDT) ÃÄÄÄÄÄÄÄÄÄÄÄÄÄ́

. .

. .

Figure 2. LinkedList Chaining

Please notethat thehardwarewill alwaysperform the three memorywrites regardless ofwhether theoption
to do readsfrom the AIB is chosen. If thisoption is notchosen the data written tothese twofields will be
indeterminate.
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2.3.1 Linked List Chaining/Stopping Matrix
The CCR provides manydifferent options for linked list chaining and stopping DMA channels (see2.2.1,
“Channel ControlRegister (CCR)” on page 23). Thechaining options and the stopping optionsmust be
looked at together to determine the action a DMA channeltakes when these conditions areencountered
during DMA channel execution. The matrix belowdescribes how a DMAchannel operates for allpossible
combinations ofchaining and stoppingoptionsbeingprogrammed into theCCR.

Summary: If chaining is disabled, the DMAchannel is stopped by the programmedoption. If chaining is
enabled, thestop programming options areignored unless theprogrammed stopoption is different from the
programmedchaining option. The state of the CCR enable bit in a memory CDB determines whether a
DMA channel remains enabled ordisabled after the chainingoperationoccurs.

STOP OPTIONS

DO NOT
STOP TC=0 EOP TC=0|EOP

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
DISABLED ³ 1 2 2 3

³
³

TC=0 ³ 4 4 5 5
CHAIN ³
OPTIONS ³

EOP ³ 6 7 6 7
³
³

TC=0|EOP ³ 8 8 8 8

Figure 3. CCR Chaining/StoppingMatrix

1. DMA channeldetects T C = 0 butcontinuesDMA'ing data to the next MPRaddress.
2. DMA channel stopsservicing DMA requests whencondition isdetected.
3. DMA channel stopsservicing DMA requests when eithercondition isdetected.
4. DMA channel stopsservicing DMA requests when T C = 0 is detected, performs chainingoperation, then

is either re-enabled or stays disabled based on new CCR enable bitthat ischained in.
5. DMA channel operates as in(4), but will stop servicing DMA requests,without chaining, if EOP is

detected.
6. DMA channel stopsservicing DMA requests when EOP is detected, performs chainingoperation, then

is either re-enabled or stays disabled based on new CCR enable bitthat ischained in.
7. DMA channel stopsservicing DMA requests when EOP is detected, performs chainingoperation, then

is either re-enabled or stays disabled based on new CCR enable bitthat ischained in. If T C = 0 occurs,
the DMA channel stopsservicing DMA requests with no chaining.

8. DMA channel stopsservicing DMA requests when eithercondition isdetected, performs chainingopera-
tion, then is eitherre-enabled or stays disabled based on new CCR enable bitthat ischained in.
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2.4 Queuing Operation (NOT Supported)
The Vero DMA controller supports hardware management of databuffers. This is done through the
QueuingRegister(QR). The QR is aread/writecommandregister. There is onephysical QR for all eight
DMA channels. However, theregister iswritable at eightdifferent addresses by the 80960.Each different
address defines aqueuing operation for a separate DMA channel.

The data written to the QRdefines apointer into memory. This pointer points to the next CDB to be
linked on to achain of CDB's. Only the most significant 30bits of the QRpointer isdefined as an address.
This means the pointerwill always be addressing the next CDB on a 4 byteboundary.

Softwaremust use the QR toinitialize a DMA channel as well as to queue anotherCDB. Also, the queue
count registerwithin the TQC registermust bewritten to zero at initialization. Queuing operation can be
optionally disabled in theLBCR (see2.6.2, “Local Bus Configurationregister(LBCR)” on page 42). Ifthis
is done, the queuecount registerwithin the TQC registermust bewritten to a non-zerovalue at initializa-
tion.

The QR is a singleresource shared by all DMA channels. In order toissue aqueuingcommand, thesoft-
ware must first poll the QR Busy bit, bit 0 of of the QR. If this bit is set itindicates thequeuing resource
is currentlyowned by anotherprocess. Thismeans either the hardware is nowwaiting for a write to the QR
or the hardware isprocessing a recentlyqueuedCDB. In either case thesoftware must wait (usually by
polling) until the Busy bit isreset. If the software reads the QRBusy bit reset, thehardware automatically
sets it (atomic operation) to lock out all other queuingrequests. The software thenwrites the QR, and the
command isexecuted. Typical latency toperform a queuing operation should beless than 2microseconds.
After completing thequeue operation the hardwarewill reset theBusy bit. If anotherwrite to the QR is
detected itwill cause aQueuing Error interrupt to the80960. Thependingcommandwill execute and the
requestedcommandwill be ignored.

The hardwarewill perform threedifferent operations depending on thevalue of thecurrent queuecount
when a queuing operationtakes place.

Queue Count = 0: The hardwarefetches acomplete CDB from memory at theaddresswritten to the QR.
This is actually the identicaloperation of alist chaining event. It consists of3 Local Buswrites followed by
7 Local Bus reads. The CDB offset in memorymust account for the 3writes. If linked list chaining is
enabled for thefirst queuedCDB, the CPRaddress value ofthat CDB should point to a pre-determined
'null' CDB. This 'null' CDB provides thefirst CDB with an area tosave the'write' information that is
stored during linkedlist chaining. Also, the CCR value of the'null' CDB should be '00000000'h toguar-
anteethat thechannel isdisabled after the linkedlist chainingoperationtakes place.

Queue Count = 1: The hardwarewrites the address valuewritten to the QRdirectly into the internal Chain
Pointer register. Noexternal Local Bus operationtakes place. Thehardware alsowrites the QR address
value into the QueueTail Pointerregister.

Queue Count > 1: The hardwarewrites the address valuewritten to the QRinto the CPRlocation of the
CDB pointed to by the QTPaddress value. This consists of1 Local Bus write operation. The hardware
then writes the QR address valueinto the QueueTail Pointerregister.
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2.4.1 Queuing Register (QR)

Description: See 2.4,“Queuing Operation(NOT Supported)” onpage 36.

Register Format

31 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÄ¿
³ Queue Pointer Address ³ ³ QR ³
³ (30 bits) (write only) ³ x ³BUSY³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÄÙ

Note: Queue PointerAddessfield is a write only field. Invalid address is returned when read.

DMA channel 0 queuingaddress -1FF80024h
DMA channel 1 queuingaddress -1FF81024h
DMA channel 2 queuingaddress -1FF82024h
DMA channel 3 queuingaddress -1FF83024h
DMA channel 4 queuingaddress -1FF84024h
DMA channel 5 queuingaddress -1FF85024h
DMA channel 6 queuingaddress -1FF86024h
DMA channel 7 queuingaddress -1FF87024h

Reset Conditions

POWER-UP: UUUU UUUU UUUU UUUU UUUU UUUU UUUU UU00
RESET COMMAND: SSSS SSSS SSSS SSSS SSSS SSSS SSSS SS0S

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

Queuing Flow Example:

1. Softwaremust write the queue count(bits 16-27 of theTQC) = '0000'h. Thistells thehardwarethat 0
CDB's have so far beenqueued

2. Software sets up thefirst CDB in memory.

3. Software now checks for free QR by reading theBUSY bit.

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

b. If busy, go to 3

4. Software writes QR. The valuewritten is anaddresspointer the next CDB in memory to be queued.

5. Hardwareexecutescommand.

6. Hardware resetsbusy bit upon completion
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2.4.2 Queuing Status register (QSR)

Description: The QSR can be read to interrogate the QR Busy bitwithout risk of setting it aswould
normally occur during a queuingoperation. Also, a write to thisregister address with any datawill cause the
QR busy bit to bereset.

Register Format

(80960 Address = 1FF8800Ch) r/w

31 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄ¿
³ ³ QR ³
³ Reserved ³BUSY³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÙ

Bit Descriptions

Bits 31-1. Reserved.

Bit 0. QR Busy bit. This bit, whenset, indicatesthat a QR operation incurrently in process.

Reset Conditions

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

Note: The reset values indicatedabove is forDCCR commandreset.When using GDCRcommandreset
the hardware alsoreset theBUSY bit 0.
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2.5 DMA Interrupts
Each of the 8 DMAchannels has 7 possible sources ofinterrupts to the80960. Ofthese 7, two areclassified
as 'normal termination'interrupts andfive are classified as'error' interrupts. Normal termination interrupts
are maskable in the CCR and error interrupts are non-maskable.

Each DMA channel has afixed interrupt vector assigned to it. These 8 interruptvectors are at prioritylevel
8 within the 80960interrupt model. Thefollowing vectors are assigned to the 8 DMAchannels.

Each DMA channel has an interruptstatusregister (see 2.5.1,“DMA Interrupt StatusRegisters(DISR)” on
page 40) associated with itthat is read during theinterrupt subroutine to determine the pending interrupt
status bits forthat channel. This readclears all activestatus bits.

Table 11. Vero DMA ChannelVector Assignment

DMA Channel # Interrupt Vector #

0 71

1 70

2 69

3 68

4 67

5 66

6 65

7 64
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2.5.1 DMA Interrupt Status Registers (DISR)

Description: Each DMA channel has a DMAInterrupt Statusregister (DISR) associated with it. This
statusregister is cleared whenread. Since 7different conditions cancause theinterrupt, thismeans that it is
possible for multipleconditions to be present when the statusregister isread. However,since the register is
cleared by the read, only oneinterrupt will be presented to the80960. Therefore, the interruptservice
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
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³ QE³QUE³LPR³LEX³APR³ x ³EOP³TC0³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bit 31 - 8. Reserved.

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

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

Bit 5. LPR. This bit, whenset, indicates aLocal Bus parity error has occurred when the DMA channel
was reading datafrom the Local Bus. In thiscase, thechannel is automatically stopped.

Bit 4. LEX. This bit, whenset, indicates aLocal Bus exception error occurred. Thishappens when a
Local Bus slave drives theExceptionsignal whileVero is the Local Bus master. In thiscase, theVero
DMA channel is automatically stopped.

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

Bit 2. Reserved.

Bit 1. EOP. This bit, whenset, indicates an end-of-processcondition has occurred for the DMA
channel. This bit is setupon detecting an EOPregardless of thestate of its correspondinginterrupt
enable bit.

Bit 0. TC0. This bit, whenset, indicates aterminal count condition has beenreached for the DMA
channel. This bit is setupon detecting a TCregardless of thestate of its correspondinginterrupt enable
bit.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
RESET COMMAND: 0000 0000 0000 0000 0000 0000 SSSS S0SS
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2.6 DMA Miscellaneous Registers

2.6.1 DMA FIFO Residual Count registers (DFRC0-7)

Description: The DFRC register can beread when a DMA channel isstopped orknown to beinactive to
determine how many bytes of data are in theFIFO. The registercontains two 8-bitfields, one ofwhich is
the value of the AIBsidecounter, and the other ofwhich is the value of theLBUS sidecounter.

For a transmit DMA channel, theLBUS side counter increments as bytes are loadedinto the FIFO from
the Local Bus, and the AIBside counterincrements as these bytes are sent to the AIB Bus. Softwaremust
subtract the AIBside count value from the LBUS side count value toobtain aresidualcount value of many
bytes arestill in the fifo waiting to besent to the AIB Bus.

For a receive DMAchannel, the AIBside counter increments as bytes are loadedinto the FIFO from the
AIB Bus, and the LBUSside counter increments as these bytes are sent to theLocal Bus. Softwaremust
subtract theLBUS sidecount value from the AIB side count value to obtain aresidualcount value 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 8 7 0
ÚÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ Reserved ³ AIB side count value ³ LBUS side count value ³
ÀÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
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 variousoptionsassociated with theLocal Bus operation of thechip.

Register Format

(80960 Address = 1FF88008h) r/w

31 28 27 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄ¿
³ GAID ³ Reserved ³ QE³ PE³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bit 31-28. Gatearray ID. Thesebits, which are read only, read as'0000' 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 operationthrough use of the Queuingregister (see 2.4,
“Queuing Operation(NOT Supported)” on page 36) is enabled. When set, queuing is disabled.
Queuingdisabled allows for circular bufferoperationwhich is not possible whenqueuing is enabled.

Bit 0. Address/data parity enable.When set,address/data paritychecking on theLocal Bus is enabled.
When reset,address/data paritychecking on theLocal Bus is disabled. Address and data parity are
always generated on theLocal 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 theinterrupt controller subsystem areshownbelow.

4 encoded interrupt inputs from theMiami chip

4 encoded interrupt inputs from the Brighton chip

2 separateinterrupt inputs from the Local Bus(reserved)

5 separateinterrupt inputs from the AIB (1 highpriority)

support for bothvectoring andnon-vectoring AIBdevices

programmablesingle ordouble(8259 type) IACK pulse

programmableIACK pulse width

programmable interruptmasking of the Local Bus

programmable interruptmasking of the AIB Bus inputs

The Vero module supports80960expanded mode interrupting. An 8-bit interruptvector bus is provided to
directly attach to the80960. TheVero chip takes theinterrupt inputs andtranslates theseinto interrupt
vectorsthat it places on theinterrupt bus for interpretation by the80960. However,support isprovided to
allow 2 AIB devices to directly supply the 80960 with aninterrupt vector. This is aprogrammable option.
Table 12 onpage 44 shows the priority schemethat is used toreport various classes ofinterrupts back to
the 80960.
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Table 12. Vero DMA ChannelVector Assignment

80960 Pri-
ority Level

Vector # Interrupt Condition Interrupt Source (seeNote)

31 255 Watchdog timeout Brighton (0000)

31 254 Multi-bit ECC error Brighton (0001)

31 253 Micro Channel NMI Command Miami (0000)

30 243 Local Bus Exception Brighton (0010)

30 242 Local Bus Parity/Exception error Miami (0001)

30 241 Local Bus parity errorw/80960master Brighton (0011)

30 240 AIB Bus read parity error w/80960master 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 AIB

28 224 Local Bus INT0 input Local Bus

26 209 Serialdebugport - receive Brighton (0111)

26 208 Serialdebugport - transmit Brighton (1000)

25-21 207-168 AIB INT0 (vector sourced by AIBdevice) AIB

20-16 167-128 AIB INT1 (vector sourced by AIBdevice) 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 masterChannel 2 Miami (0101)

12 96 Bus masterChannel 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 INT1 input 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 parenthesescorresponds to thesignalsMIA_INT(3-0) for Miami sourced interrupts,
or to BRI_INT(3-0) for Brighton sourced interrupts.
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The interrupt controller managesprioritizing the interruptsthat thesedevicesgenerate. The priority isfixed
with 'single-bit ECC error' being the lowest and the NMI sources being the highest.Interrupts are not
latched by theinterrupt controller. Theouput of theinterrupt controller to the80960interrupt busreflects
the value of the highest priorityinput that isactive.
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3.2 Programmable Options

3.2.1 Interrupt Initialization register (IIR)

Description: The IIR registercontrols the initialization parameters for the Vero chipinterrupt controller
logic. This registermust beprogrammedbeforeinterrupts aregeneratedfrom the AIB.

Register Format

(80960 Address = 1FF88010h) r/w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| interrupt ack 1 control field | interrupt ack 0 control field |
| | |
| inactive | active |control| inactive | active |control|
ÚÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³INA³INA³INA³ACK³ACK³ACK³OTP³IAC³INA³INA³INA³ACK³ACK³ACK³OTP³IAC³
³PW2³PW1³PW0³PW2³PW1³PW0³ACK³EN ³PW2³PW1³PW0³PW2³PW1³PW0³ACK³EN ³
ÀÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bits 31-16. Reserved.

Bits 15-8. Interrupt level 1 control field.

Bits 7-0. Interrupt level 0 control field.

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

IAC EN: Interrupt acknowledge enable.When set to '0' the INT0 (or INT1)input functions as a
direct interrupt inputfrom the AIB. No interruptacknowledgecycle will be run. Whenusing this mode
an interruptwill generate the lowest vector in the defined range for theinterrupt (168 for INT0, 128 for
INT1). When set to '1' aninterrupt will cause aninterrupt acknowledgecycle to be run on the AIB
Bus. The vector during theinterrupt acknowledgecycle will be presented to the80960 if it is within the
defined range. If it is notwithin the defined range, the highest vector in the defined range(207 for INT0,
167 for INT1) will be given instead.

OTP ACK: One or twopulse interrupt acknowledgesignal. Some devices use an 8259 typeinterrupt
acknowledgecycle (two pulse). Othersrequire externallogic to eliminate thefirst pulse. This bit should
reduce or eliminate the need forthat externallogic.

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

If two pulses are selected, anidle time is inserted between the two pulses fordevice recovery, the length
of which is controlled by INA PW2-0.

ACK PW2-0: Interrupt acknowledgecycle active pulse width. These three bits provideeight options
for the interruptacknowledgecycle active length. Somedevicesrespondslower thanothers and there-
fore would require externallogic to insert wait statesinto the interruptacknowledgecycle. These bits
should eliminate the need for this externallogic. These bitsallow a programmableactive time from
120ns to 680ns in 80nsincrements for the interruptacknowledge pulse.

Page 46 of 94 — VeroComponentSpecification Version2.0.1



Unclassified

ACK ACK ACK INTACK 'low' (active)
PW2 PW1 PW0 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 (inactive)width. These three bits provideeight options
for the interruptacknowledge recovery length. Somedevices areslower thanothers to release(float)
data signals on the AIB Bus, andthus require a certainamount of busidle time after the interrupt
acknowledgecycle iscompleted. These bitsallow a programmableinactive timefrom 120ns to 680ns in
80ns increments.

INA INA INA INTACK 'high' (inactive)
PW2 PW1 PW0 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), bothinterruptsacknowledge pulseswill be the length set by ACK
PW2-0, with aninactive timebetween andafter them determined by INAPW2-0.

Either or both interruptacknowledge cycles can be extended by the AIBREADY signal in increments
of 40ns.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 UUUU UUU0 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 AIBinterrupt inputs, the two Local Bus interrupt inputs, and the
AIB Error input to beenabled and disabledfrom causinginterrupts to the80960without programming the
interrupting device directly. This allows for apoint of synchronization between the80960 and theinter-
rupting device. Typically, devicescontain their own interrupt enable functions. However, these aresome-
times not usable on a realtime basissince spurious interrupts canresult if an interrupt isdisabledwithin a
deviceimmediately after itsinterrupt output hasbeenasserted. This register prevents the possibility of these
spurious interrupts if thedevicetakes no precautions to do this.

Register Format

(80960 Address = 1FF88014h) r/w

31 7 6 5 4 3 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³AER³LI1 ³LI0 ³AI3 ³AI2 ³AI1 ³AI0 ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bit 31-7. Reserved.

Bits 6. AIB_ERROR input mask bit. This bit can mask theAIB_ERROR input signal from gener-
ating an interrupt to the80960. The disabling ofthese bits is synchronized with theinterrupt input
signal to prevent spurious interrupts whendisabling. Interrupt areenabled when a bit is set to '1' and
disabled when set to '0'.

Bits 5-4. LB_INT1-0 mask bits. These bits canindividually mask the 2 Local Bus interrupt inputs
from generating aninterrupt to the80960. The disabling ofthese bits is synchronized with theinterrupt
input signal to prevent spurious interrupts whendisabling. Interrupt areenabled when a bit is set to '1'
and disabled when set to '0'.

Bits 3-0. AIB_INT3-0 mask bits. These bits canindividually mask the 4 AIB interrupt inputs from
generating aninterrupt to the80960. The disabling ofthese bits is synchronized with theinterrupt input
signal to prevent spurious interrupts whendisabling. 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 0000
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 allVero interruptinput sources to readthrough asinglestatusregister.

Register Format

(80960 Address = 1FF88018h) ro

31 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³ Pending Interrupt Status ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

Bit Descriptions

Bits 31-24. Reserved.

Bits 23-20. AIB_INT 3-0 status bits.

Bit 19. AIB error input status bit.

Bit 18. AIB parity error status bit.

Bits 17-16. Local Bus interrupt 1-0 statusbits.

Bits 15-12. Brightoninterrupt 3-0 statusbits.

Bits 11-8. Miami interrupt 3-0status 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 INT0 End-of-Interrupt (EOI0) command

Description: The EOI0 command isused to inform theinterrupt controllerthat the80960 has cleared the
AIB INT0 source. Thiscommand must beissued when for all interrupting AIB devicesthat use theInter-
rupt Acknowledge option in 3.2.1, “Interrupt Initialization register (IIR)” on page 46. Thiscommand
should beissued after thecommand thatgoes directly to the AIB to clear the interruptingcondition. The
EOI0 command isissued by writing any data value to address'1FF89000'h.

Command Format

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

Reset Conditions

Not applicable

3.3.2 AIB INT0 End-of-Interrupt (EOI1) command

Description: The EOI1 command isused to inform theinterrupt controllerthat the80960 has cleared the
AIB INT1 source. Thiscommand must beissued when for all interrupting AIB devicesthat use theInter-
rupt Acknowledge option in 3.2.1, “Interrupt Initialization register (IIR)” on page 46. Thiscommand
should beissued after thecommand thatgoes directly to the AIB to clear the interruptingcondition. The
EOI1 command isissued by writing any data value to address'1FF8A000'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 bus(AIB) that is split from the Local Bus,where memory for
programexecutionresides. This allows the DMAcontroller to onlyaccess theLocal Bus when one of its 16
byte data buffers isempty (transmit) orfull (receive). In this manner, only lowspeednon-bursted data
movement occurs on the AIBbus, and only bursted datamovement occurs on the Local Bus. This
describes the nature ofmost data movement (DMAcontrolled)that occurs on theJunoAdapter.

The AIB Bus supportsslave type devices. Slave devices can be directly accessed by the 80960 for initializa-
tion and status types of operations, andwill typically use theVero DMA controller to move data from the
device to memory. The AIB Bus supports a 512K byteaddress spacewithin the 80960 address space for
addressing slave devices on theAIB. The starting 80960addresswithin this address space is1FF00000h, and
this extends up to1FF80000h. Five separate regions can bedefinedwithin this 512KB address space with
each region having aprogrammablenumber of waitstates.

Only 80960'stob' (store byteordinal), 'stos' (store shortordinal), 'st' (storeword), 'ldob' (load byte ordinal),
'ldos' (load short ordinal), and 'ld' (load word) aresupported for direct datatransfer to/from AIB Bus
devices. Double, triple and quad word 80960 instructions are notsupported to the AIB. Also, 80960 exe-
cutable memory is notsupported on the AIB.

4.1.1 AIB Arbiter
Containedwithin the Vero chip is the arbitrationlogic that determines which requesting mastergainscontrol
of the AIB Bus to run its cycle.There are threerequesting masters for the AIB Bus.

1. Local Bus mastercycle to AIB

2. Vero DMA channelcycle to AIB

3. InterruptAcknowledgecycle to AIB

The prioritization scheme is the ordershown above. The Local Bus masterwill always be givenhighest
priority. If anothercycle iscurrently active on the AIB theLocal Bus masterwill be granted the nextcycle.
Therefore, themaximumlatency for theLocal Bus master tobegin itscycle is themaximumcycle time of a
DMA channelcycle or interrupt acknowledgecycle.

The DMA channels also arbitrateamongstthemselves. A DMAchannel whoseinput -DREQ signal is held
active will continue to begranted the AIB bus ahead ofother DMA channels and interruptacknowledge
requests until its request is sampledinactive at the end of a DMAcycle, or until its DMA channelbuffer
insideVero becomesfull (for a receivechannel) or empty(for a transmit channel). As stated above, a Local
Bus master request for the AIBwill interrupt this process and be granted immediately.Service priority
among the DMAchannels isfixed with channel 0being the highest priority andchannel 7being the lowest
priority.

The interruptacknowledgecycle request is the lowest priority in thearbitration scheme. In order for this
cycle request to be granted, both Local Bus master and DMAcycle requestsmust beinactive for at least one
clock cycle. This can lead toextendedservicing latenciesbasedupon such things as thesize of AIB device
DMA fifos and AIB device DMA cycletime. For instance, for an 8-bit AIBdevice with a 16 byte DMA
fifo, and a DMA cycle time of200ns, the DMAcontroller will be able to run 16200nscycles(3.2 microsec-
onds)before aninterrupt acknowledgecycle isgranted. It should benoted thatusing directinterrupt inputs
from the AIB will provide more predictableinterrupt response in aheavy DMA environment.
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4.2 AIB Initialization registers
Before devicesthat exist on the AIB Bus can be accessed by theprocessor, a set of initializationregisters
must beprogrammed. Theseregistersallow for a greatdegree of flexibility in thetypes of devicesthat can
be supported on the AIB Bus.Many devices can besupported with a minimalamount ofexternal interface
hardware.

4.2.1 Chip Select Definition registers (CSD0-4)

Description: Each of thefive chip selectsignals can beprogrammed for abase starting address on any 4KB
boundary within the 512KB address space of theAIB. Also, each of the chip selectsignals can be pro-
grammed to decode arange of addressesfrom 4KB to 512KB. Also, each of thefive chip selectsignals can
be programmed to run acycle from 240ns to 1120ns. This isdone in 40ns increments. Inaddition, both
active and inactive (restore)portions of thecycle can bevaried. This should be suitable toaccommodate
most deviceswithout having to design externalREADY 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 separate CSDregister foreach chip selectsignal (total of
five).

Register Format

(80960 ADDRESS = 1FF8B000h) CSD0 r/w
(80960 ADDRESS = 1FF8B004h) CSD1 r/w
(80960 ADDRESS = 1FF8B008h) CSD2 r/w
(80960 ADDRESS = 1FF8B00Ch) CSD3 r/w
(80960 ADDRESS = 1FF8B010h) CSD4 r/w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ÚÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³AC3³AC2³AC1³AC0³IC2 ³IC1 ³IC0 ³ X ³ X ³RG2³RG1³RG0³ X ³DS1³DS0³ENA³
ÀÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

31 23 22 21 20 19 18 17 16
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³A18³A17³A16³A15³A14³A13³A12³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

CSD Register Bit Descriptions

Bits 31-23. Reserved.

Bits 22-16. Chip selectbase address.Thesesevenbits determine the baseaddress of the chip select
address range. Thisdocument will only reference theprimary addresses for theVero AIB devices
selected byCSD0-4. The primary and secondaryaddressesmaps 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 4KBboundary of the AIB address space. A value of'0000000'b
chooses the starting address for a chip select as'1FF00000'h in the80960 address space. A value of
'1111111'b chooses the startingaddress for a chip select as'1FF7F000'b in the80960 address space.
These bits can bethought of asreplacing bits18-12 of the physical80960address.

Bits 15-12. Activecycle time. These four bits determine theactivecycle time for aparticular chipselect.
Active time is defined as the time when the-A_RD or -A_WR signal is low (0volts).
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CS 'low' (active)
AC3 AC2 AC1 AC0 pulse width
--- --- --- --- -----------------

0 0 0 0 200ns
0 0 0 1 240ns
0 0 1 0 280ns
0 0 1 1 320ns
0 1 0 0 360ns
0 1 0 1 400ns
0 1 1 0 440ns
0 1 1 1 480ns
1 0 0 0 520ns
1 0 0 1 560ns
1 0 1 0 600ns
1 0 1 1 640ns
1 1 0 0 680ns
1 1 0 1 720ns
1 1 1 0 760ns
1 1 1 1 800ns

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

CS 'high' (inactive)
IC2 IC1 IC0 pulse width
--- --- --- --------------------

0 0 0 80ns
0 0 1 120ns
0 1 0 160ns
0 1 1 200ns
1 0 0 240ns
1 0 1 280ns
1 1 0 320ns
1 1 1 360ns

Bits 8-7. Reserved.

Bits 6-4. Chip selectaddress range bits.These bits are binary encoded to provide therange of addresses
that aredecoded for each chip selectsignal. The eightbinary possibilities givedecode ranges of 4K, 8K,
16K, 32K, 64K, 128K, 256K, and 512Kaddresses.There is arestriction that thebase starting address
selected inbits 22-16 must be on a boundary that isequal to the decoderangeselected bybits 6-4. For
instance, if a decode range of 32K isselected thebase starting address can be any 32Kboundary.

Chip Select
RG2 RG1 RG0 Decode Range
--- --- --- ------------

0 0 0 4K
0 0 1 8K
0 1 0 16K
0 1 1 32K
1 0 0 64K
1 0 1 128K
1 1 0 256K
1 1 1 512K

Bits 2-1. Devicesizebits. These bits are encoded with the data bussize of the device inthis chip select
range. Devicesizeoptions of 8, 16, and 32bits are possible.
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DS1 DS0 Device size
--- --- -----------

0 0 8-bit
0 1 16-bit
1 0 32-bit
1 1 Reserved

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

Reset Conditions

POWER-UP: UUUU UUUU UUUU UUUU UUUU UUU0 0UUU 0UU0
RESET COMMAND: 0000 0000 0SSS SSSS SSSS SSS0 0SSS 0SSS
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4.2.2 DMA Acknowledge Pulse Width registers (DAPW0-7)

Description: Theseregisters areused toprogram thepulse width of the DMAacknowledge(DACK) signal
that theVero chip sends to the DMA requestingdevice. Different devicesrequire thissignal to be acertain
durationdepending on howfast the deviceresponds. Theseregistersallow the DACK cycle to beoptimized
relative to thespecific DMA device. Thetimings given below arenominal and canvary by ' + ' or '-' 3ns.

Register Format

(80960 ADDRESS = 1FF8B030h) r/w DACK0 pulse width
(80960 ADDRESS = 1FF8B034h) r/w DACK1 pulse width
(80960 ADDRESS = 1FF8B038h) r/w DACK2 pulse width
(80960 ADDRESS = 1FF8B03Ch) r/w DACK3 pulse width
(80960 ADDRESS = 1FF8B040h) r/w DACK4 pulse width
(80960 ADDRESS = 1FF8B044h) r/w DACK5 pulse width
(80960 ADDRESS = 1FF8B048h) r/w DACK6 pulse width
(80960 ADDRESS = 1FF8B04Ch) r/w DACK7 pulse width

31 8 7 6 5 4 3 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³LP3³LP2³LP1³LP0³ X ³HP2³HP1³HP0³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bits 31-8. Reserved.

Bits 7-4. DACK 'low' pulse width. These 4 bits are binary encoded to provide 10options for setting
the duration that theDACK signalwill be 'low' (0 volts).

DACK 'low' (active)
LP3 LP2 LP1 LP0 pulse width
--- --- --- --- -------------------

0 0 0 0 80ns
0 0 0 1 120ns
0 0 1 0 160ns
0 0 1 1 200ns
0 1 0 0 240ns
0 1 0 1 280ns
0 1 1 0 320ns
0 1 1 1 360ns
1 0 0 0 400ns
1 0 0 1 440ns

Bit 3. Reserved. Alwaysprogramthis bit to a '0'.

Bits 2-0. DACK 'high' pulse width. These 3 bits are binary encoded to provide 8options forsetting the
duration that theDACK signalwill be 'high' ( + 5 volts).
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DACK 'high' (inactive)
HP2 HP1 HP0 pulse width
--- --- --- ----------------------

0 0 0 80ns
0 0 1 120ns
0 1 0 160ns
0 1 1 200ns
1 0 0 240ns
1 0 1 280ns
1 1 0 320ns
1 1 1 360ns

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 UUUU 0UUU
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 toggledunder program control of the80960. It
should be written to a '1' toactivate the resetsignal andwritten back to '0' todeactivate it. Theregisteralso
allows dataparity checking to the AIB to enabled and disabled.: Reading 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 aread/writeregister.

Register Format

(80960 Address = 1FF8C000h) r/w

31 7 6 5 4 3 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³GEN³CHK³PAR³RSV³RSV³CLK³RST³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bits 31-7. Reserved.

Bit 6. Parity Generate polarity. '0' = odd parity. '1' =even parity.

Bit 5. Parity Checkpolarity. '0' = odd parity. '1' = even parity.

Bit 4. Address/Data Parityenable. This bit should be set to enable address/data paritychecking of the
AIB data bus.

Bit 3-2. Reserved.

Bit 1. Clock enable. This bit isreset toenable theAIB_CLK signal (25MHz oscillator) to be presented
to the AIB. It is set todisable the clockfrom propagating to theAIB.

Bit 0. Reset. This bit is written to a '1' toactivate the AIB 'reset' signal and iswritten to a '0' to
deactivate thesignal.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
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 staticlogic levels attached to Vero. These could be memory
presence detect bits, cableID's, etc. These bits are non-inverted whenread.

Register Format

(80960 Address = 1FF8D000h) ro

31 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄ¿
³ Reserved ³PDC³PDB³PDA³PD9³PD8³RSV³PD6³PD5³PD4³PD3³PD2³PD1³PD0³
ÀÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÙ

Bit Descriptions

Bits 31-13. Reserved.

Bit 12. AIB presence detect bit.(-A_DETECT signal)

Bits 11-8. Presence detect bits.(PD(11-8)signals)

Bit 7. Reserved.

Bits 6-0. Presence detect bits.(PD(6-0) signals)

Reset Conditions

POWER-UP: 0000 0000 0000 0000 000U 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 writeoperation
by the 80960. Itcould also be used as ageneralpurposeoutput.

Register Format

(80960 Address = 1FF8D004h) r/w

31 1 0
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄ¿
³ Reserved ³LED³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÙ

Bit Descriptions

Bits 31-1. Reserved.

Bit 0. LED enable. When set to '0' the LED_ENsignal will be low. When set to '1' the LED_EN
signalwill be high. This is a 4 ma driver.

Reset Conditions

POWER-UP: 0000 0000 0000 0000 0000 0000 0000 0000
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 Pin Name/NumberCross Reference

Module Pin Pin Name Pin Type Description

001 PD1 INPUT PRESENCE DETECT 1
002 DI INPUT DRIVER INHIBIT
003 M_INT0 INPUT MIAMI INT0
004 TST_CLKA INPUT LSSD A CLOCK
005 PD2 INPUT PRESENCE DETECT 2
006 TST_CLKB INPUT LSSD B CLOCK
007 TST_CLKC INPUT LSSD C CLOCK
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/SECONDARY ADDR
022 A_ERROR CIO-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_INTACK0 CIO-4MA AIB INTERRUPT ACK 0
027 A_INT3 CIO-4MA AIB INTERRUPT 3
028 A_INT2 CIO-4MA AIB INTERRUPT 2
029 A_INT1 INPUT AIB INTERRUPT 1
030 A_INT0 INPUT AIB INTERRUPT 0
031 A_SPARE CIO-4MA RSVD
032 A_RDY CIO-4MA AIB READY
033 LED_EN 3ST-8MA LED ENABLE
034 AAD0 CIO-4MA AIB AD00
035 AAD1 CIO-4MA AIB AD01
036 AAD2 CIO-4MA AIB AD02
037 A_WRAPEN CIO-4MA RSVD
038 VSS GND + 0 VOLTS
039 AAD3 CIO-4MA AIB AD03
040 AAD4 CIO-4MA AIB AD04
041 AAD5 CIO-4MA AIB AD05
042 AAD6 CIO-4MA AIB AD06
043 VDD PWR + 5 VOLTS
044 AAD7 CIO-4MA AIB AD07
045 VSS GND + 0 VOLTS
046 AAD8 CIO-4MA AIB AD08
047 AAD9 CIO-4MA AIB AD09
048 AAD10 CIO-4MA AIB AD10
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Table 13 (Page 2 of 5).Vero Pin Name/NumberCross Reference

Module Pin Pin Name Pin Type Description

049 A_RESET CIO-4MA AIB RESET
050 AAD11 CIO-4MA AIB AD11
051 AAD12 CIO-4MA AIB AD12
052 WDOG CIO-4MA WATCH DOG
053 VSS GND + 0 VOLTS
054 A_DEN CIO-4MA AIB DATA ENABLE
055 AAD13 CIO-4MA AIB AD13
056 AAD14 CIO-4MA AIB AD14
057 AAD15 CIO-4MA AIB AD15
058 AAD16 CIO-4MA AIB AD16
059 AAD17 CIO-4MA AIB AD17
060 VSS GND + 0 VOLTS
061 VDD PWR + 5 VOLTS
062 AAD18 CIO-4MA AIB AD18
063 AAD19 CIO-4MA AIB AD19
064 AAD20 CIO-4MA AIB AD20
065 VSS GND + 0 VOLTS
066 A_CLK CIO-4MA AIB CLOCK
067 VSS GND + 0 VOLTS
068 AAD21 CIO-4MA AIB AD21
069 AAD22 CIO-4MA AIB AD22
070 VSS GND + 0 VOLTS
071 A_ALE CIO-4MA AIB ALE
072 VSS GND + 0 VOLTS
073 AAD23 CIO-4MA AIB AD23
074 AAD24 CIO-4MA AIB AD24
075 AAD25 CIO-4MA AIB AD25
076 AAD26 CIO-4MA AIB AD26
077 AAD27 CIO-4MA AIB AD27
078 VSS GND + 0 VOLTS
079 AAD28 CIO-4MA AIB AD28
080 AAD29 CIO-4MA AIB AD29
081 AAD30 CIO-4MA AIB AD30
082 AAD31 CIO-4MA AIB AD31
083 A_PAR0 CIO-4MA AIB PARITY 0
084 VSS GND + 0 VOLTS
085 A_PAR1 CIO-4MA AIB PARITY 1
086 A_PAR2 CIO-4MA AIB PARITY 2
087 A_PAR3 CIO-4MA AIB PARITY 3
088 A_CS0 CIO-4MA AIB CHIP SELECT 0
089 A_CS1 CIO-4MA AIB CHIP SELECT 1
090 A_CS2 CIO-4MA AIB CHIP SELECT 2
091 A_CS3 CIO-4MA AIB CHIP SELECT 3
092 A_CS4 CIO-4MA AIB CHIP SELECT 4
093 A_BE0 CIO-4MA AIB BYTE ENABLE 0
094 A_BE1 CIO-4MA AIB BYTE ENABLE 1
095 A_BE2 CIO-4MA AIB BYTE ENABLE 2
096 VSS GND + 0 VOLTS
097 VDD PWR + 5 VOLTS
098 A_BE3 CIO-4MA AIB BYTE ENABLE 3
099 D_ACK0 CIO-4MA DMA ACKNOWLEDGE 0
100 D_ACK1 CIO-4MA DMA ACKNOWLEDGE 1
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Table 13 (Page 3 of 5).Vero Pin Name/NumberCross 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_ACK6 CIO-4MA DMA ACKNOWLEDGE 6
106 D_ACK7 CIO-4MA DMA ACKNOWLEDGE 7
107 A_RD CIO-4MA AIB READ
108 VSS GND + 0 VOLTS
109 A_WR CIO-4MA AIB WRITE
110 A_EOP0 CIO-4MA AIB EOP 0
111 A_EOP1 CIO-4MA AIB EOP 1
112 A_EOP2 CIO-4MA AIB EOP 2
113 A_EOP3 CIO-4MA AIB EOP 3
114 VDD PWR + 5 VOLTS
115 A_EOP4 CIO-4MA AIB EOP 4
116 A_EOP5 CIO-4MA AIB EOP 5
117 A_EOP6 CIO-4MA AIB EOP 6
118 A_EOP7 CIO-4MA AIB EOP 7
119 VSS GND + 0 VOLTS
120 D_REQ0 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_REQ5 INPUT DMA REQUEST 5
130 D_REQ6 INPUT DMA REQUEST 6
131 D_REQ7 INPUT DMA REQUEST 7
132 L_BE3 CIO-4MA LOCAL BYTE ENABLE 3
133 L_BE2 CIO-4MA LOCAL BYTE ENABLE 2
134 L_BE1 CIO-4MA LOCAL BYTE ENABLE 1
135 L_BE0 CIO-4MA LOCAL BYTE ENABLE 0
136 VSS GND + 0 VOLTS
137 L_ADP3 CIO-4MA LOCAL PARITY 3
138 L_ADP2 CIO-4MA LOCAL PARITY 2
139 L_ADP1 CIO-4MA LOCAL PARITY 1
140 L_ADP0 CIO-4MA LOCAL PARITY 0
141 LAD31 CIO-4MA LOCAL AD31
142 VSS GND + 0 VOLTS
143 LAD30 CIO-4MA LOCAL AD30
144 LAD29 CIO-4MA LOCAL AD29
145 LAD28 CIO-4MA LOCAL AD28
146 LAD27 CIO-4MA LOCAL AD27
147 VDD PWR + 5 VOLTS
148 LAD26 CIO-4MA LOCAL AD26
149 VSS GND + 0 VOLTS
150 LAD25 CIO-4MA LOCAL AD25
151 LAD24 CIO-4MA LOCAL AD24
152 LAD23 CIO-4MA LOCAL AD23
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Table 13 (Page 4 of 5).Vero Pin Name/NumberCross Reference

Module Pin Pin Name Pin Type Description

153 LAD22 CIO-4MA LOCAL AD22
154 LAD21 CIO-4MA LOCAL AD21
155 LAD20 CIO-4MA LOCAL AD20
156 VSS GND + 0 VOLTS
157 LAD19 CIO-4MA LOCAL AD19
158 LAD18 CIO-4MA LOCAL AD18
159 LAD17 CIO-4MA LOCAL AD17
160 LAD16 CIO-4MA LOCAL AD16
161 LAD15 CIO-4MA LOCAL AD15
162 LAD14 CIO-4MA LOCAL AD14
163 LAD13 CIO-4MA LOCAL AD13
164 VSS GND + 0 VOLTS
165 VDD PWR + 5 VOLTS
166 LAD12 CIO-4MA LOCAL AD12
167 LAD11 CIO-4MA LOCAL AD11
168 LAD10 CIO-4MA LOCAL AD10
169 LAD09 CIO-4MA LOCAL AD09
170 LAD08 CIO-4MA LOCAL AD08
171 VSS GND + 0 VOLTS
172 LAD07 CIO-4MA LOCAL AD07
173 PXINT7 3ST-4MA PROCESSOR INT 7
174 LAD06 CIO-4MA LOCAL AD06
175 LAD05 CIO-4MA LOCAL AD05
176 LAD04 CIO-4MA LOCAL AD04
177 PXINT6 3ST-4MA PROCESSOR INT 6
178 LAD03 CIO-4MA LOCAL AD03
179 VSS GND + 0 VOLTS
180 LAD02 CIO-4MA LOCAL AD02
181 PXINT5 3ST-4MA PROCESSOR INT 5
182 LAD01 CIO-4MA LOCAL AD01
183 LAD00 CIO-4MA LOCAL AD00
184 PXINT4 3ST-4MA PROCESSOR INT 4
185 L_W/R CIO-4MA LOCAL WRITE/-READ
186 L_RDY CIO-4MA LOCAL READY
187 L_REQ CIO-4MA LOCAL BUS REQUEST
188 PXINT3 3ST-4MA PROCESSOR INT 3
189 L_EXCPT CIO-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_INT0 INPUT LOCAL INTERRUPT 0
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_INT0 INPUT BRIGHTON INT 0
203 M_INT3 INPUT MIAMI INT 3
204 PXINT0 3ST-4MA PROCESSOR INT 0
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Table 13 (Page 5 of 5).Vero Pin Name/NumberCross 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 PD0 INPUT PRESENCE DETECT 0
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Appendix B. AIB Bus Timings

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

B.1 DMA Cycle Timings

B.1.1 DMA Read Cycle

--->| 40NS |<---
¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄ

AIB CLK ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ
| |

Ä¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
-DREQ ÀÄÄÄ// ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

|<-----T1------>|
|<--T3-->| |<-----T2------>|

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
-DACK ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÄÄ

T4-->| |<-- T5-->| |<--
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿

-A_DEN ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄ
T6-->|<-- |<-T7-->|

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
-A_RD ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ À

|<--T8-->|
-->| |<--T9,T9a

READ DATA, /ÄÄÄÄÄÄÄ\
-A_BE(3-0), ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ| INPUTS | ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
-A_EOP \ ÄÄÄÄÄÄÄ/

|<--T10->| -->| |<--T11
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ÄÄÄÄÄÄÄÄÄÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

+A_RDY À///////// Ù

min max Notes
--- --- -----

T1 : -DACK ACTIVE PULSE WIDTH 70 - ns 1
T2 : -DACK INACTIVE PULSE WIDTH 77 - ns 2
T3 : -DACK ACTIVE TO -DREQ INACTIVE 0 45 ns 1,3
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 10 ns
T7 : -DACK INACTIVE TO -A_RD INACTIVE 35 45 ns
T8 : -DACK ACTIVE TO -A_BE(3-0) VALID - 45 ns 1,4
T8a : -DACK ACTIVE TO READ DATA VALID - 50 ns 1,4
T8b : -DACK ACTIVE TO -A_EOP(7-0) VALID - 50 ns 1,4
T9 : INPUT HOLD TIME FROM -DACK INACTIVE 0 - ns
T9a : INPUTS 3-STATE FROM -DACK INACTIVE - 70 ns 2,5
T10 : -DACK ACTIVE TO +A_RDY INACTIVE - 40 ns 1,4
T11 : P_CLK HIGH TO +A_RDY ACTIVE 0 15 ns 4

Note 1 - This assumes programming of theDAPW register to80ns activewidth. Add 40ns to thisnumber
for each corresponding 40ns pulsewidth increase.

Note 2 - This assumes programming of theDAPW register to80ns inactivewidth. Add 40ns to thisnumber
for each corresponding 40ns pulsewidth increase.
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Note 3 - This timing is to assurethat a-DREQ driven inactive by adevice issampledinactive. A -DREQ
can be leftactive andwill therefore be the nextcycle run to theAIB.

Note 4 - The + A _ R D Y signalworks in conjunction with the programming of theDAPW register.
+ A _ R D Y can be used to extend acycle timebeyond thatwhich can beprogrammed into theDAPW.
+ A _ R D Y is first sampledafter theDAPW programmedactive time has elapsed. + A _ R D Y issampled
every40ns thereafter andwill extend thecycle for as long as itremainsinactive. +A_RDY, if used, should
be driven inactivecombinatorially within40ns of the-DACK active signal. It should bedriven backactive
synchronously withAIB_CLK within 15ns.

Note 5 - Applies to Readdata, BE(3-0), and EOP from thedevice drivingthese signals.
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B.1.2 DMA Write Cycle

--->| 40NS |<---
¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄ

AIB CLK ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ
| |

Ä¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
-DREQ ÀÄÄÄ// ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

|<-----T1------>|
|<--T3-->| |<-----T2------>|

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
-DACK ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÄÄ

T4-->|<-- |<-T5-->|
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄ¿

-A_DEN ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÄÄ
T6-->|<-- -->|<--T6a

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
-A_WR ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÄÄ

T7-->| |<-- |<-T8-->|
WRITE DATA, /ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ\
-A_BE(3-0), ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ| OUTPUTS |ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
-A_EOP \ ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ/

|<--T9-->| -->| |<--T10
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ÄÄÄÄÄÄÄÄÄÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

+A_RDY À///////// Ù

min max Notes
--- --- -----

T1 : -DACK ACTIVE PULSE WIDTH 70 - ns 1
T2 : -DACK INACTIVE PULSE WIDTH 77 - ns 2
T3 : -DACK ACTIVE TO -DREQ INACTIVE 0 45 ns 1,3
T4 : -DACK ACTIVE TO -A_DEN ACTIVE 0 10 ns
T5 : -DACK INACTIVE TO -A_DEN INACTIVE 35 45 ns
T6 : -DACK ACTIVE TO -A_WR ACTIVE 0 10 ns
T6a : -DACK INACTIVE TO -A_WR INACTIVE -5 5 ns
T7 : -DACK ACTIVE TO OUTPUTS VALID 0 28 ns
T8 : OUTPUTS HOLD FROM -DACK INACTIVE 35 45 ns
T9 : -DACK ACTIVE TO +A_RDY INACTIVE - 40 ns 1,4
T10 : P_CLK HIGH TO +A_RDY ACTIVE 0 15 ns 4

Note 1 - This assumes programming of theDAPW register to80ns activewidth. Add 40ns to thisnumber
for each corresponding 40ns pulsewidth increase.

Note 2 - This assumes programming of theDAPW register to80ns inactivewidth. Add 40ns to thisnumber
for each corresponding 40ns pulsewidth increase.

Note 3 - This timing is to assurethat a-DREQ driven inactive by adevice issampledinactive. A -DREQ
can be leftactive andwill therefore be the nextcycle run to theAIB.

Note 4 - The + A _ R D Y signalworks in conjunction with the programming of theDAPW register.
+ A _ R D Y can be used to extend acycle timebeyond thatwhich can beprogrammed into theDAPW.
+ A _ R D Y is first sampledafter theDAPW programmedactive time has elapsed.+ A _ R D Y is sampled
every40ns thereafter andwill extend thecycle for as long as itremainsinactive. +A_RDY, if used, should
be driven inactivecombinatorially within40ns of the-DACK active signal. It should bedriven backactive
synchronously withAIB_CLK within 15ns.
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B.2 AIB Slave Cycle Timings

B.2.1 AIB Slave Read Cycle

--->| 40NS |<---
| A | W | W | D | R | R | A |
ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿

AIB CLK ÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ À
|<--T1->|

Ä¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄ
-A_ALE ÀÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÙ

|<------------------T1a---------------->|<-T1b->|
-A_CS Ä¿ ÚÄÄÄÄÄÄÄ¿

ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÄÄÄÄÄ
|<--T2->|<--T3->|

/ ÄÄÄÄÄÄÄÄÄÄÄÄÄ\ / ÄÄÄÄÄÄÄÄÄÄ\\\\\\\ / ÄÄÄÄÄÄÄÄÄÄÄ
A_AD(31-0)| ADDR/BE(3-0) | ÄÄÄÄÄÄÄÄ| DATA IN ||||||| ÄÄÄ| ADDR
-A_BE(3-0) \ ÄÄÄÄÄÄÄÄÄÄÄÄÄ/ \ ÄÄÄÄÄÄÄÄÄÄ/////// \ ÄÄÄÄÄÄÄÄÄÄÄ

|<--T4-->| -->| |<--T7
-->| |<--T7a

|<----------T5--------->|<-------T6-------->|
-A_RD ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿

ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ À
T8-->| |<-- T9-->| |<--

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
-A_DEN ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

|<--T10-->| -->| |<--T11
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ÄÄÄÄÄÄÄÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

+A_RDY À/////// Ù

min max Notes
--- --- -----

T1 : -A_ALE ACTIVE PULSE WIDTH 35 45 ns
T1a : -A_CS ACTIVE PULSE WIDTH 190 - ns 1
T1b : -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 1,4
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 15 ns 3

Note 0 - -A_BE(3-0) are drivenactive with ADDRESS and are heldvalid until -A_DEN is driven inactive.

Note 1 - This assumes programming of the CSDregister to 120ns activewidth. Add 40ns to thisnumber for
each corresponding 40ns pulsewidth increase.

Note 2 - This assumes programming of the CSDregister to 120ns inactivewidth. Add 40ns to thisnumber
for each corresponding 40ns pulsewidth increase.
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Note 3 - The + A _ R D Y signalworks in conjunction with the programming of the CSDregister. + A _ R D Y
can be used to extend acycle timebeyond thatwhich can beprogrammed into theCSD. + A _ R D Y is
sampled internally with thefirst rising edge ofAIB_CLK after -A_RD goes active (if CSD active time is
120ns). + A _ R D Y issampledevery40ns thereafter andwill extend thecycle for as long as itremains inac-
tive. +A_RDY, if used, should bedriven inactivecombinatorially within18ns of the-A_RD active signal.
It should bedriven backactivesynchronously withAIB_CLK within 15ns.

Note 4 - The minimumcycle time for areadcycle to the AIB is the sum of T5 and T6, or240ns. Thecycle
time can be increased in 40nsincrements by programming the CSDregister, orthrough the use of
+A_RDY.
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B.2.2 AIB Slave Write Cycle

--->| 40NS |<---
| A | A | D | D | R | R | A |
ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄ

AIB CLK ÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ
|<--T1->|
Ä¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄ

-A_ALE ÀÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÙ
|<----------------T1a------------------>|<-T1b->|

-A_CS Ä¿ ÚÄÄÄÄÄÄÄ¿
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÄÄ
|<--T2->|<--T3->|

/ ÄÄÄÄÄÄÄÄÄÄÄÄÄ\ / ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ\ / ÄÄÄÄÄÄÄÄ
A_AD(31-0) Ä| ADDR/BE(3-0) | Ä| DATA OUT |Ä| ADDR
-A_BE(3-0) \ ÄÄÄÄÄÄÄÄÄÄÄÄÄ/ \ ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ/ \ ÄÄÄÄÄÄÄÄ

T4-->| |<-- |
|<----------T5--------->|<------T6------>|
| -->| |<--T7

-A_WR ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ À

T8-->| |<-- T9-->| |<--
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄ

-A_DEN ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ
|<--T10-->| -->| |<--T11

+A_RDY ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ÄÄÄÄÄÄÄÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
À/////// Ù

min max Notes
--- --- -----

T1 : -A_ALE ACTIVE PULSE WIDTH 35 45 ns
T1a : -A_CS ACTIVE PULSE WIDTH 190 - ns 1
T1b : -A_CS INACTIVE PULSE WIDTH 37 - ns 2
T2 : ADDR/BE(3-0)/-A_CS SETUP TO -A_ALE INACTIV 16 - ns
T3 : ADDRESS HOLD FROM -A_ALE INACTIVE 20 - ns 0
T4 : -A_WR ACTIVE TO DATA VALID 0 25 ns
T5 : -A_WR ACTIVE PULSE WIDTH 110 - ns 1,4
T6 : -A_WR INACTIVE PULSE WIDTH 117 - ns 2,4
T7 : DATA HOLD FROM -A_WR INACTIVE 35 - ns
T8 : -A_WR ACTIVE TO -A_DEN ACTIVE 19 37 ns
T9 : -A_WR INACTIVE TO -A_DEN INACTIVE 19 37 ns
T10 : -A_WR ACTIVE TO +A_RDY INACTIVE 0 18 ns 1,3
T11 : P_CLK HIGH TO +A_RDY ACTIVE 0 15 ns 3

Note 0 - -A_BE(3-0) are drivenactive with ADDRESS and are heldvalid until -A_DEN is driven inactive.

Note 1 - This assumes programming of the CSDregister to 120ns activewidth. Add 40ns to thisnumber for
each corresponding 40ns pulsewidth increase.

Note 2 - This assumes programming of the CSDregister to 120ns inactivewidth. Add 40ns to thisnumber
for each corresponding 40ns pulsewidth increase.

Note 3 - The + A _ R D Y signalworks in conjunction with the programming of the CSDregister. + A _ R D Y
can be used to extend acycle timebeyond thatwhich can beprogrammed into theCSD. + A _ R D Y is
sampled internally with thefirst rising edge ofAIB_CLK after -A_RD goes active (if CSD active time is
120ns). + A _ R D Y issampledevery30ns thereafter andwill extend thecycle for as long as itremains inac-
tive. +A_RDY, if used, should bedriven inactivecombinatorially within18ns of the-A_RD active signal.
It should bedriven backactivesynchronously 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, or240ns. Thecycle
time can be increased in 40nsincrements by programming the CSDregister, orthrough the use of
+A_RDY.
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B.2.3 AIB Interrupt Acknowledge Cycle

--->| 40NS |<---
| A | W | W | D | R | R | A |
ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿ ÚÄÄÄ¿

AIB CLK ÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ ÀÄÄÄÙ À
|<--T1->|

Ä¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄ
-A_ALE ÀÄÄÄÄÄÄÄÙ ÀÄÄÄÄÄÄÄÙ

|<--T2->|<--T3->|
/ ÄÄÄÄÄÄÄÄÄÄÄÄÄ\ / ÄÄÄÄÄÄÄÄÄÄ\\\\\\\ / ÄÄÄÄÄÄÄÄÄÄÄ

A_AD(31-0)| ADDR/BE(3-0) | ÄÄÄÄÄÄÄÄ| DATA IN ||||||| ÄÄÄ| ADDR
-A_BE(3-0) \ ÄÄÄÄÄÄÄÄÄÄÄÄÄ/ \ ÄÄÄÄÄÄÄÄÄÄ/////// \ ÄÄÄÄÄÄÄÄÄÄÄ

|<--T4-->| -->| |<--T7
-->| |<--T7a

|<----------T5--------->|<-------T6-------->|
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿

-A_INTA ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ À
T8-->| |<-- T9-->| |<--

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
-A_DEN ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ

|<--T10-->| -->| |<--T11
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿ÄÄÄÄÄÄÄÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

+A_RDY À/////// Ù

min max Notes
--- --- -----

T1 : -A_ALE ACTIVE PULSE WIDTH 35 45 ns
T2 : ADDR/BE(3-0) SETUP TO -A_ALE INACTIVE 16 - ns
T3 : ADDRESS HOLD FROM -A_ALE INACTIVE 20 - ns 0
T4 : -A_INTA ACTIVE TO DATA VALID - 40 ns 1
T5 : -A_INTA ACTIVE PULSE WIDTH 110 - ns 1,4
T6 : -A_INTA INACTIVE PULSE WIDTH 117 - ns 2,4
T7 : DATA HOLD FROM -A_INTA INACTIVE 0 - ns
T7a : DATA BUS 3-STATE FROM -A_INTA INACTIVE - 30 ns 2
T8 : -A_INTA ACTIVE TO -A_DEN ACTIVE 20 37 ns
T9 : -A_DEN INACTIVE TO -A_INTA INACTIVE 8 22 ns
T10 : -A_INTA ACTIVE TO +A_RDY INACTIVE 0 18 ns 1,3
T11 : P_CLK HIGH TO +A_RDY ACTIVE 0 15 ns 3

Note 0 - -A_BE(0) is driven active withADDRESSduring anINTA cycle and is held validuntil -A_DEN is
driven inactive. Also, the address is driven to'7FFFC'hduring the addressphase of theINTA cycle.

Note 1 - This assumes programming of the IIRregister to 120ns activewidth. Add 80ns to thisnumber for
each corresponding 80ns pulsewidth increase.

Note 2 - This assumes programming of the IIRregister to 120ns inactivewidth. Add 80ns to thisnumber
for each corresponding 80ns pulsewidth increase.

Note 3 - The + A _ R D Y signalworks in conjunction with the programming of the IIRregister. + A _ R D Y
can be used to extend acycle timebeyond thatwhich can beprogrammed into theIIR. + A _ R D Y is
sampled internally with thefirst rising edge ofAIB_CLK after -A_INTA goes active (if IIR active time is
120ns). + A _ R D Y issampledevery40ns thereafter andwill extend thecycle for as long as itremains inac-
tive. +A_RDY, if used, should bedriven inactivecombinatorially within18ns of the-A_INTA active
signal. It should bedriven back activesynchronously 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, or240ns. The
cycle time can beincreased in 80nsincrements by programming the IIRregister, orthrough the use of
+A_RDY.
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Appendix C. Local Bus Timings

The Vero module, as a Local Bus master, conforms to theCommomFront End (CFE) busspecification
from IBM Austin. When running at 25MHz, theVero master conforms to the CFEspec. for signalloading
up to 80pf. As aLocal Busslave,Vero conforms to all CFE bustimings except for ADSsetup toL_OSC
active. The CFEspecifies a 7nsminimum setup time. Forproper operation, ADSmust have 10ns ofsetup
time to L_OSCactive.

Vero Local Bus Master

| |
|<----40ns--->|
ÚÄÄÄÄÄÄ¿ Ú

L_OSC ³ ³ ³
Ù ÀÄÄÄÄÄÄÙ
| |

--->| |<---Txxx
ÄÄÄÄÄÄÄ

/ \
L_xxx ÄÄÄÄÄÄÄ́ valid ÃÄÄÄÄÄÄ

\ /
ÄÄÄÄÄÄÄ

Txxx : Clock high to L_xxx active/inactive.

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

Trdy 6 25
Tblst 6 25
Tads 6 26
Taddr 6 26 (includes parity)
Treq 6 27
Tbe 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/O mapping on anin-circuit-test fixture. This allows the chip to bestuck andopen
fault tested after it hasbeensurfacemounted on to theprinted circuit board. By applying aknown fixed test
vector to chipinput pins, anoutput signal can be made to togglefrom onelogic state toanother. This can
be observed on the card to determinewhether the chip has beensuccessfullymounted on thecard. 171 of
174 signalsi/o's can beverified with this test. Threesignal i/o, the 33power and groundpins, and the
compensationresistor can not beverified this way.

ICT mode is entered when the three pins below arelineheld. During thelinehold condition, application of
the inputvectorsshown,will yield a known response on the correspondingoutput vector pin.

LINEHOLD - (002)=1;
(011)=0;
(193)=1;

ICT Vector #1

INVECT1(0..8) := (190)||(008)||(208)||(001)||(005)||
(009)||(013)||(017)||(004);

OUTVECT1 := (204);

INVECT1(0..8) := B'111111111' : OUTVECT1=0;
INVECT1(0..8) := B'011111111' : OUTVECT1=1;
INVECT1(0..8) := B'001111111' : OUTVECT1=0;
INVECT1(0..8) := B'000111111' : OUTVECT1=1;
INVECT1(0..8) := B'000011111' : OUTVECT1=0;
INVECT1(0..8) := B'000001111' : OUTVECT1=1;
INVECT1(0..8) := B'000000111' : OUTVECT1=0;
INVECT1(0..8) := B'000000011' : OUTVECT1=1;
INVECT1(0..8) := B'000000001' : OUTVECT1=0;
INVECT1(0..8) := B'000000000' : OUTVECT1=1;

ICT Vector #2

INVECT2(0..9) := (194)||(021)||(019)||(018)||(016)||
(014)||(195)||(202)||(199)||(006);

OUTVECT2 := (196);

INVECT2(0..9) := B'1111111111' : OUTVECT2=1;
INVECT2(0..9) := B'0111111111' : OUTVECT2=0;
INVECT2(0..9) := B'0011111111' : OUTVECT2=1;
INVECT2(0..9) := B'0001111111' : OUTVECT2=0;
INVECT2(0..9) := B'0000111111' : OUTVECT2=1;
INVECT2(0..9) := B'0000011111' : OUTVECT2=0;
INVECT2(0..9) := B'0000001111' : OUTVECT2=1;
INVECT2(0..9) := B'0000000111' : OUTVECT2=0;
INVECT2(0..9) := B'0000000011' : OUTVECT2=1;
INVECT2(0..9) := B'0000000001' : OUTVECT2=0;
INVECT2(0..9) := B'0000000000' : OUTVECT2=1;
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ICT Vector #3

INVECT3(0..9) := (030)||(127)||(198)||(197)||(003)||
(206)||(205)||(203)||(120)||(007);

OUTVECT3 := (192);

INVECT3(0..9) := B'1111111111' : OUTVECT3=1;
INVECT3(0..9) := B'0111111111' : OUTVECT3=0;
INVECT3(0..9) := B'0011111111' : OUTVECT3=1;
INVECT3(0..9) := B'0001111111' : OUTVECT3=0;
INVECT3(0..9) := B'0000111111' : OUTVECT3=1;
INVECT3(0..9) := B'0000011111' : OUTVECT3=0;
INVECT3(0..9) := B'0000001111' : OUTVECT3=1;
INVECT3(0..9) := B'0000000111' : OUTVECT3=0;
INVECT3(0..9) := B'0000000011' : OUTVECT3=1;
INVECT3(0..9) := B'0000000001' : OUTVECT3=0;
INVECT3(0..9) := B'0000000000' : OUTVECT3=1;

ICT Vector #4

INVECT4(0..10) := (122)||(123)||(124)||(129)||(130)||
(131)||(029)||(020)||(025)||(121)||
(012);

OUTVECT4 := (188);

INVECT4(0..10) := B'11111111111' : OUTVECT4=0;
INVECT4(0..10) := B'01111111111' : OUTVECT4=1;
INVECT4(0..10) := B'00111111111' : OUTVECT4=0;
INVECT4(0..10) := B'00011111111' : OUTVECT4=1;
INVECT4(0..10) := B'00001111111' : OUTVECT4=0;
INVECT4(0..10) := B'00000111111' : OUTVECT4=1;
INVECT4(0..10) := B'00000011111' : OUTVECT4=0;
INVECT4(0..10) := B'00000001111' : OUTVECT4=1;
INVECT4(0..10) := B'00000000111' : OUTVECT4=0;
INVECT4(0..10) := B'00000000011' : OUTVECT4=1;
INVECT4(0..10) := B'00000000001' : OUTVECT4=0;
INVECT4(0..10) := B'00000000000' : OUTVECT4=1;
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ICT Vector #5

INVECT5(0..27) := (135)||(189)||(185)||(134)||(133)||
(132)||(183)||(182)||(180)||(178)||
(176)||(175)||(174)||(172)||(170)||
(169)||(168)||(167)||(166)||(163)||
(162)||(161)||(160)||(159)||(158)||
(157)||(155)||(154);

OUTVECT5 := (184);

INVECT5(0..27) := B'1111111111111111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0111111111111111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0011111111111111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0001111111111111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000111111111111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000011111111111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000001111111111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000111111111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000011111111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000001111111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000111111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000011111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000001111111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000111111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000011111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000001111111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000111111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000000011111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000001111111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000000000111111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000000011111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000000000001111111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000000000111111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000000000000011111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000000000001111' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000000000000000111' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000000000000011' : OUTVECT5=1;
INVECT5(0..27) := B'0000000000000000000000000001' : OUTVECT5=0;
INVECT5(0..27) := B'0000000000000000000000000000' : OUTVECT5=1;
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Unclassified

ICT Vector #6

INVECT6(0..29) := (150)||(148)||(146)||(145)||(144)||
(143)||(141)||(140)||(139)||(138)||
(137)||(110)||(111)||(112)||(113)||
(115)||(116)||(117)||(118)||(032)||
(093)||(094)||(095)||(098)||(022)||
(034)||(035)||(036)||(039)||(040);

OUTVECT6 := (181);

INVECT6(0..29) := B'111111111111111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'011111111111111111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'001111111111111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000111111111111111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000011111111111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000001111111111111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000111111111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000011111111111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000001111111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000111111111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000011111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000001111111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000111111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000011111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000001111111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000111111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000011111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000001111111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000111111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000000011111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000001111111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000000000111111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000000011111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000000000001111111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000000000111111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000000000000011111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000000000001111' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000000000000000111' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000000000000011' : OUTVECT6=1;
INVECT6(0..29) := B'000000000000000000000000000001' : OUTVECT6=0;
INVECT6(0..29) := B'000000000000000000000000000000' : OUTVECT6=1;
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Unclassified

ICT Vector #7

INVECT7(0..29) := (041)||(042)||(044)||(046)||(047)||
(048)||(050)||(051)||(055)||(056)||
(057)||(058)||(059)||(062)||(063)||
(064)||(068)||(069)||(073)||(074)||
(075)||(076)||(077)||(079)||(080)||
(081)||(082)||(083)||(085)||(086);

OUTVECT7 := (177);

INVECT7(0..29) := B'111111111111111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'011111111111111111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'001111111111111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000111111111111111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000011111111111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000001111111111111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000111111111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000011111111111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000001111111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000111111111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000011111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000001111111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000111111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000011111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000001111111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000111111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000011111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000001111111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000111111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000000011111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000001111111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000000000111111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000000011111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000000000001111111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000000000111111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000000000000011111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000000000001111' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000000000000000111' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000000000000011' : OUTVECT7=1;
INVECT7(0..29) := B'000000000000000000000000000001' : OUTVECT7=0;
INVECT7(0..29) := B'000000000000000000000000000000' : OUTVECT7=1;
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Unclassified

ICT Vector #8

INVECT8(0..34) := (066)||(087)||(071)||(054)||(107)||
(109)||(049)||(088)||(089)||(090)||
(091)||(092)||(026)||(023)||(099)||
(100)||(101)||(102)||(103)||(104)||
(105)||(106)||(191)||(052)||(033)||
(037)||(031)||(153)||(152)||(151)||
(187)||(028)||(027)||(125)||(186);

OUTVECT8 := (173);

INVECT8(0..34) := B'01000000000000000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'11000000000000000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10000000000000000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10100000000000000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10110000000000000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111000000000000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111100000000000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111110000000000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111000000000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111100000000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111110000000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111000000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111100000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111110000000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111000000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111100000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111110000000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111000000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111100000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111110000001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111000001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111100001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111110001111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111111001111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111101111101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111111111111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111110111101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111110011101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111111110001101111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111110000101111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111111110000001111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111110000011111' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111111110000010111' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111110000010011' : OUTVECT8=0;
INVECT8(0..34) := B'10111111111111111111111110000010001' : OUTVECT8=1;
INVECT8(0..34) := B'10111111111111111111111110000010000' : OUTVECT8=0;
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Unclassified
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Unclassified

Appendix E. Pre-Assembly Bake Requirement

Vero chip should be baked at 125degress C for 24hoursprior to cardassembly. Soldering of thepart must
be completed within 96hoursafter baking.
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Unclassified

| 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

| Figure 4. Package Information
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| Figure 5. Circuit Board Footprint
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