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1 Intr oduction

1.1 Hardware description

The ROB-in Rx is a standardPCl card. The ROB-in Rx-Pis a PMC versionof
the ROB-in Rx which differs (apartfrom the physicallayout) only in the FIFO’s
used.

The ROB-in Rx consistof 6 mainpartsasshowvn in figure1.

[ —

. Thei960Rx (1960 RP ori960 RD) processor

N

. ThebootROM (512Kx8FlashRAM)
. TheprogramSRAM (256Kx32StaticRAM)
. Thefragmentbuffer SRAM (256Kx32StaticRAM)

. TheFree& UsedPageFIFO’s

o 0o b~ W

. Thecontrollogic (MACH 5 PLD)

FIFOs Program SRAM

Chip Enable 1

MACH 5 i960 local bus 1960 RP | pcibus

Chip Enable 0

Fragment SRAM Boot ROM

Figurel: ROB-in Rx block diagram

The bootROM is connectedo the i960 Rx’s memorybank0. The program
SRAM s connectedo thei960 Rx’s memorybankl. TheMACH 5isresponsible
for decodingaddresse®or thefragmentbuffer andFIFO’s.

The boardis designedo acceptdatafrom S-LINK. It hasa soclet for an S-
LINK destinatiorcardandprovidesaccesso several S-LINK signalsthroughthe
controlregister

Theboardalsohas6 LEDs, 4 of which areuserprogrammable&ia the ROB-in
ControlRegister(seesectiord.3).



1.2 Principle of operation

Hardware Software

-

Free Page FIFC

S

Adgdress generator
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fdsed Page FIF(

Fragment
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Figure2: ROB-in Rx operation

Dataarrive at the front endinput and areroutedto the fragmentbuffer un-
der control of the MACH. The fragmentmemoryis organisedas 1024 pagesof
256 32bit words (1024 bytes). The MACH determinesvhich pageof the buffer
to write to by loadingthe upperbits of its addresgeneratofrom the FreePage
FIFO. After writing thelastword of aneventfragment,or thelastword of apage
(whichever comesfirst), the addresshits are written into the Used Page FIFO
alongwith somestatusinformation. It is theresponsibilityof the buffer manage-
mentsoftware,whetherunningontheonboardi960 Rx or anexternalprocessqr
to keepthe FreePageFIFO suppliedwith pagenumbersof free pagesasshovn
in figure 2.

The buffer managemengoftwarecanbuild anindex of which dataarestored
in theusedpagesdasedntheinformationreturnedn the UsedPageFIFO andin
theFragmenBuffer itself. For theinputlogic to correctlyallocatea new pagefor
eacheventfragmentdatamustbeframedwith the Beginningof Block andEnd of
Block controlwordsasdescribedn [2]. No otherwordsaretreatedasspecialby
the hardware. The buffer managemergoftwaremustlook in the fragmentouffer
to find eventidentificationinformation.

NB: The ROB-in Rx provides no interruptsfor the Used Page FIFO. The
buffer managemendoftwaremustpoll for new pages.



2 Initialisation and Reset

2.1 Power up Initialisation of 1960 Rx

In orderto usethe ROB-in Rx thei960 Rx processomustbe allowedto runthe
initialisationcodein thebootROM. It shouldbejumperedo initialisein mode3.
This allows thei960 Rx processoto setup the PCl configuratiorregistersbefore
thehosts BIOS querieghem.

Theinitialisationcodein thebootROM is responsibldor:

e Settingthe addresssizeandwait statesor the programSRAM in thei960
Rx’s memorycontrollet

e Settingthe Addresstranslationvalue andsizein the AddressTranslation
Unit (ATU).

The memory layout showvn in the restof this documentassumeghat the
standard initialisation codehasbeenexecuted!

2.1.1 Initialisation of the Memory Controller

Thei960 Rx’'s Memory Bank Control Register (MBCR) is setup to enablea 2
Mbyte memorybank1 for the programSRAM asshavnin tablel.

Bit | Value Description
31:24) O — resered—
23:20| 0101 | Memorybank1 size— 2Mbytes
19 0 — resered—
18 1 MemoryBank 1 ExtendedVIWE3:0#Bit
17 1 MemoryBank 1 Write Enablebit
16 1 MemoryBank 1 enablebit
15:08| O — resered—
07:04| 1000 | MemorybankO size— 16Mbytes
03 0 — resered—
02 1 MemoryBank0 ExtendedIWE3:0#Bit
01 1 MemoryBank O Write Enablebit
00 1 MemoryBank0 enablebit

Tablel: 1960 Rx MemoryBankControlRegister

The wait statesfor the SRAM and boot ROM are setin the Memory Bank
Readwait StateReyisters MBRWS0:1)andthe MemoryBankWrite Wait State
ReagistersytMBWWSO0:1)asshawvn in table?2.

2.1.2 Initialisation of the AddressTranslation Unit

The PrimaryInboundATU Limit Register(PIALR) is setto a valuewhich indi-
categhesizeto be4 Mbytes.



Bank 0 Value | Bank 1 Value
Bit (ROM) (SRAM) Description
Read | Write | Read | Write
31:19| O 0 0 0 — resered—
18:16| 011 | 011 | 001 | 001 | Addresdo first datawait states
15:11| O 0 0 0 — resered—
10:08| 100 | 000 | 001 | 001 | Datatodatawait states
07:03| O 0 0 0 — resered—
02:00| 010 | 010 | 000 | 000 | Additionalrecorerywait states

Table2: 1960 Rx Memory ControllerWait StatesRegisters

The Primary InboundATU TranslateValue Register (PIATVR) is setto the
baseaddres®f theprogrammemory

It seemdrom experiencealthoughit is notdocumentedh intl’'s manual1],
thatthe PIALR must be setsometime before the PIATVR.

2.2 Resetstateof local resources

At power up XOFF is assertedn the S-link interface,the FreePage,the Used
Pageandtheinput FIFOsareheldresetandall the userprogrammablé.EDs are
off.

TheROB-in Rx-Pcomeaupwith thetestinputsenabledo allow programming
of theInput FIFO Thresholdgsee2.3).

2.3 Softwareinitialisation sequence

To avoid lossof datathe S-LINK UXOFF signalshouldremainassertedintil the
FIFOshave beeninitialisedasshow in figure 3.

De-asserFIFOresets

SetFIFO Thresholds

LoadFreePageFIFO

De-asserXOFF & testinputenable

Figure3: Initialisationflow



2.3.1 Setting FIFO thresholds

With the FIFO’s usedonthe ROB-in Rx-Pthefirst 2 writes to theFIFO’s always
setthe thresholdsnot just writes to the FPFTLR or IFTLR ! Thereforethe
FIFOthresholdshouldalwaysbesetbeforeloadingthe FPForeenablingexternal
inputs.

NB: It is recommendedio setthe FIFO thresholdsfor both Input and Free
PageFIFO’sin thismannervenonthe ROB-in Rx asfutureversiongnayusethe
sameFIFO’s asusedin the ROB-in Rx-P

2.4 Software Reset

Thereis no boardlevel resetavailable from software but eachcomponenbther
thanthe 960 Rx canberesetvia the controlregister(seesection4.3). Thei960
Rx canberesetby writing to the ExtendedBridge Control RegisterEBCRIin the
PClto PClbridge(seesection5.1).



3 ROB-in Rx Memory map

Thecompletememorymapof the ROB-in Rx processors shavn in table3.

00000000 InternalDataRAM
00000400 Resered

00001000 PeripheraMemoryMappedRajisters
00002000

ATU OutboundDirect Addressing/Nindow

80000000 ATU OutboundTranslationWindows
90020000 Not Decoded
A0000000
ProgramMemory

A0100000

Reflectionof ProgramMemory
A0200000 FreePageFIFO (FPF)
A021 0000 Input FIFO Threshold_oad Register(IFTLR)
A022 0000 ROB-in ControlRegister(RCR)
A024 0000 | FreePageFIFO Threshold.oadRegister(FPFTLR)
A026 0000 ROB-in StatusReyister(RSR)
A0280000 Not Decoded
AO02A 0000 UsedPageFIFO (UPF)
A02C 0000 TestDataWrite Register(TDWR)
A02D 0000 | TestDataWrite With Error Register(TDWWER)
AO02E 0000 TestControlWrite Register(TCWR)
AO02F 0000 | TestControlWrite With Error Register(TCWWER)
A0300000

FragmentMemory

AO3F FFFF Not Decoded
FEF80000 FlashROM
FEFFFF2F Initialization Boot Record(IBR)
FEFFFF60 Resered
FFO00000 | 1960 CoreProcessoMemory-MappedRegisterSpace
FFFFFFFF

Table3: Memorymapasseenby i960 Rx

The addresdines for the registersareonly partially decodedby the MACH
logic soeachregisteris reflectedmary times.



4 RegisterDefinitions

All registersareaccessibléhroughthe PCl busaswell asfrom the onboardi960
Rx processorAll registeraccesseare32bit only.

4.1 FreePageFIFO (FPF)
Offset: 0x00200000
Access:Write only

XXXXXXXXXXXXXXXXXXXXXX[ TTTTTTTTT ]
31 23 15 7

TheFreePageFIFOis a1024word deepFIFOfrom whichtheinputlogic sets
the upperl0 bits of its addresgyeneratomt the startof writing eachpage. This
FIFO shouldbe loadedwith the pagenumber of eachfree pagein thelower 10
bits.

4.2 Input FIFO ThresholdLoad Register(IFTLR)

Offset: 0x00210000
Access:Write only

XX TTTTTTTTTT] XXXXXXXXXXXXXXXXXX |
15 7

ThelFTLR allowstheProgrammablé&imostEmpty(PAE) / Full (PAF) thresh-
olds of the input FIFO to be set. Seesection4.4 for a descriptionof threshold
operation.

OntheROB-in Rx-PtheinputFIFOis asingle36 bit wide FIFO (IDT23641).
ThePAF signalis usedto controlUXOFF seesection6.2.

OntheROB-in Rx theinput FIFOis actuallyconstructedrom 2 18 bit FIFOs
andtheprogrammablé¢hresholdstatussignalsareroutedto separatelestinations.
ThePAE / PAF thresholdsarenotusedto controlUXOFF (thisis derivedfrom the
half full statuswhich is not programmableeesection6.2). The 12 bit threshold
valueswrittento bits 29:180f this registercontrolthe PAF whichis fed backinto
theinput FIFO itself accumulatedver a pageandroutedto the UPFwhereit can
bereadon bit 18. The otherPAE / PAF signalsarenot currentlyused.

NB: Thetestinput enablebit mustbesetin the RCR to accesshis register
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4.3 ROB-in Control Register(RCR)

Offset: 0x00220000
Access:Write only

L] ] XXXXXXXXXXXXXXX][ [ ][] X[ []]]

31

The structureof the RCRis shawvn in table4. Bits 11:2 areall relatedto the

23 15 7

S-LINK interface(seesection6 and[3] for details).

Bit | Default Description

31 | O(off) |UserLED 3red

30 | O(off) |[UserLED 2 yellow

29 | O(off) |UserLED 1yellow

28 | O(off) |UserLED 0 yellow

27:1 0 — resered,write as0 —

12 0 Test Inputs Select— Setting this bit allows the 1960 Rxto
write to the input of theinput FIFO via theregistersIFTLR,
TDWR, TDWWER, TCWR andTCWWER

11:08 0000 |S-LINK returnlinesURL(3:0)
07:0600 (32bit)S-LINK datawidth UDW(1:0)

05 0 — resered,write as0 —

04 0 S-LINK testdataselect(UTDO)

03 1 S-LINK TransmitOff (UXOFF) — This bit is not connectef
directly to the S-LINK UXOFF but is ORedwith statudines
from the FIFOs(seesection6.2)

02 1 S-LINK Resef{URESET)

01 1 Resetnput FIFO

00 1 ResetUsed& FreeFIFOs

NB: SincetheRCRis write only it isrecomendethattheusercodekeeptrack

of its contents.

Table4: ROB-in Control Register

4.4 FreePageFIFO ThresholdLoad Register(FPFTLR)

Offset: 0x00240000
Access:Write only

XXXXXXXXXXXXXXXXXXXX TTTTTTTTTT1]

31

23 15 7

The FreePageFIFO ThresholdLoad register allows the Programmablel-
mostEmpty (PAE) / Full (PAF) thresholdof the FreePageFIFO to be set.

Onthe ROB-in Rx-Pthe FIFO is an [dt23641.0n the ROB-in Rx the FIFO

is an [dt72225LB(see[4] for adetaileddescription).

11



ROB-in Rx ONLY

ThePAE signalis usedio generaté&J XOFFwhentherearetoofew pagesvailable
in the FPF(seesection6.2).

This registerprovidesdirectaccesgo the [dt FIFO input with the LOAD and
WRITE ENABLE linesassertedEachwrite to thisregistersetsoneof thethresh-
old registersin turn. Thefirst valuewritten will be loadedinto the Empty Offset
register(the Programmablélmost Empty threshold) the next to the Full Offset
register the next to the Empty Offsetagain.

Sincethe PAF signalis not usedonly the Empty Offset register needsto be
loadedbut to avoid confusionit is recommendedhat both be programmed.

The first word written to an empty FIFO is automaticallypresentecht the
FIFO’s outputport so the PAE signalis assertedvhenthereis one more page
availablethanthe selectedhreshold.For examplesettinga thresholdof O causes
PAE (andhenceUXOFF)to beasserteavhenthereis still 1 pageavailable.

The default value for the Empty Offset registeris 0x7f (127) which would
causeUXOFF to be assertedvhen&er therearelessthan128 pagesavailablein

the FreePageFIFO (seesectiont.2).

4.5 ROB-in StatusRegister(RSR)

Offset: 0x00260000
Access:Readonly

[ LTI XXXXXXXXX] [ [ [[[[[[]]]

31

23 15 7

Bit Description
31 |UsedPageFIFO (UPF)is empty
30 |Combinederrorflag
29 |FreePageFIFO (FPF)is empty
28 |InputdatahadaBegin of Block controlwordwithouta preceding
Endof Block controlword
27 |InputdatahadanEndof Block controlword withouta preceding
Begin of Block controlword
26 |Input dataarrived without a precedingBegin of Block contro
word

25 |S-LINK Link Down (LDOWN)

24 |Input FIFO half full

23 |Input Dataavailable

22 |Input FIFO empty

21 (X-OFF status
20:12Unassigned
11:00Availability counter

Table5: ROB-in Statusregister

12



The ROB-in StatusRegisterreflectsthe currentstateof the ROB-in Rx. Bits
31:24arealsopresentedlongsidethe UPF (seesection4.6) allowing statusin-
formationto be readat the sametime asthe FIFO. The structureof the RSRis

shawvn in tablebs.

4.6 UsedPageFIFO (UPF)

Offset: 0x002A0000
Access:Readonly

31 23 15 7

Bit |type Description

31 | L |UsedPageFIFOempty

30 | L |Combinecderrorflag

29 | L |FreePageFIFOempty

28 | L |Inputdatahada Begin of Block controlword without a pre-
cedingendof Block controlword

27 | L |Inputdatahadan End of Block controlword without a pre-
cedingBegin of Block controlword

26 | L |InputdataarrivedwithoutaprecedingBegin of Block contro
word

25 | L |S-LINK Link Down (LDOWN)

24 | L |InputFIFO half full

23 | F |S-LINK Link DataError (LDERR)

22 | F |Lastpageof event

21 | F |Dataarrivedwithoutaprecedingegin of Block controlword

20 | F |End of Block control word without Begin of Block contro
word

19 | F [Begin of Block control word without End of Block contro
word

18 | F [InputFIFO asserte@lmostfull

17:08 F |Pagenumberof usedpage
07:00 F |Numberof lastword written within page

The UsedPageFIFO containsthe addressesf the lastword written to each
usedpagealongwith the statusof the ROB-in Rx at the time the addressvas

Table6: UsedPageFIFO (UPF)

loadedinto the FIFO.

Sincethe input logic always clocksin 32bit words its addressgenerator
incrementsper word not byte! In order to usethe addressbits from the UPF
to accesghe datain the fragment buffer they must be shifted 2 placesleft.

Not all of the bits in this registerare actuallytaken from the FIFO Someof
thebits arecurrentstatusnformation. In particularthe Most significantbit is the

13



current empty/ notemptystateof the FIFOitself. This basicallyflagswhetheror

notthelowerbitsarevalid. Thestructureof theUsedPageFIFOis shavnin table

6, the FIFOedbits areflaggedwith ‘F andthe*li ve” bits areflaggedwith ‘L’.
NB: Bits 18—-23aretheaccumulatedtatusfor thewhole page.

4.7 TestData Write Register(TDWR)

Offset: 0x002C0000
Access:Write only

31 23 15 7

Datawrittento thisregisterarepresentea@ttheinputto theinput FIFOjustas
if they hadbeentransferredaccrosghe S-LINK. In order to usethis facility the
testdata enablebit must be setin the RCR.

4.8 TestData Write With Err or Register(TDWWER)

Offset: 0x002D0000
Access:Write only

31 23 15 7

This registerfunctionsjustasthe TDWR (sectiond.7) exceptthatthe bit nor-
mally controlledby S-LINK LDERRis asserte@tthetimethatthedatais clocked
into theinput FIFO.

4.9 TestControl Write Register(TCWR)

Offset: 0x002E0000
Access:Write only

INEEEEEEEEEEEEEEEEEEEEEEEE NN
31 23

15 7

This registerfunctionsjustasthe TDWR (sectiord.7) exceptthatthe bit nor-
mally controlledby S-LINK controlword bit is assertect thetime thatthe data
is clockedinto theinput FIFO.

4.10 TestControl Write With Err or Register(TCWWER)

Offset: 0x002F0000
Access:Write only

INEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
31 23

15 7

This registerfunctionsjustasthe TCWR (section4.9) exceptthatthe bit nor-
mally controlledby S-LINK LDERRis asserteatthetimethatthedatais clocked
into theinput FIFO.

14



5 PCl interface

Thei960 Rx processoembeddedn the ROB-in Rx shavs up onthe PCl busas
two devices,theAddressTranslationJnit (ATU) andthePClto PClbridge.Since
all resource®f the ROB-in Rx, otherthanthe boot ROM, occufy a contiguous
4Mbyte addresspacethe ATU canbe configuredby the boot ROM to mapthis

areaonto the PCl bus.

5.1 PCI to PCI bridge

Vendor ID 0x8086,Device ID 0x0960

Therearenodevicesonthei960Rx’s secondaryClbussothePClto PClbridge

is notused.However, thereis oneregisterin the PClto PCI bridge,the Extended
Bridge ControlRegister(EBCR),which canbewrittento causearesetof thei960

Rx processocore.

5.1.1 ExtendedBridge Control Register(EBCR)

Offset: PCI ConfigurationAddressOffset: 40H
Access:Read/Write

Sincethe secondaryPCl bus is not usedin the ROB-in Rx the only bit of
interestis the local bus resetbit (bit 5) which resetsall deviceson thei960 Rx’s
local bus including the processorcore. This bit is automaticallyclearedafter
operation.

An exampleof how to resetthe 960 Rx from the hostprocessors showvn in
the codefragmentbelow.

status = pcibios_find device (PCI_VENDOR | D | NTEL,
0x0960, pci _i ndex,
&pci _bus, &pci _device fn) ;
i f (status == 0)
{
pci bios_wite config _word (pci_bus, pci_device _fn,
0x40, 0x20);

5.2 AddressTranslation Unit

Vendor ID 0x8086,Device ID 0x1960

The ATU Device ID andVendorID fields areleft at their default valuesby the
initialisationcodein the bootROM. This meanghatthe ROB-in Rx shovs up as
Device ID 0x1960with VendorlD 0x8086(intgl).

Thememorymapof theROB-in Rx asseerfrom the PCl busis shovnin table
7. Thefirst 4096bytesof the programmemoryarehiddenby the MessagindJnit
registersbut the whole of the SRAM is visible if you usethe reflectionat base
address- 00100000.

15



baseaddress- 00000000 MessagingdJnit
baseaddress- 00001000

ProgramMemory
baseaddress- 00100000

Reflectionof ProgramMemory

baseaddress- 00200000 FreePageFIFO (FPF)
baseaddress- 00210000| InputFIFO Threshold.oad Register(IFTLR)
baseaddress- 00220000 ROB-in ControlRegister(RCR)
baseaddress- 00240000 [FreePageFIFO Threshold.oad Register(FPFTLR
baseaddress- 00260000 ROB-in StatusRgyister(RSR)
baseaddress- 00280000 Not Decoded
baseaddress- 002A 0000 UsedPageFIFO (UPF)
baseaddress- AO2C 0000 TestDataWrite Register(TDWR)
baseaddress- A02D 0000 TestDataWrite With Error Register(TDWWER)
baseaddress- AO2E 0000 TestControl Write Register(TCWR)
baseaddress- AO2F 0000 TestControlWrite With Error Register(TCWWER
baseaddress- 00300000

FragmentMemory
baseaddress- 003FFFFF

Table7: Memorymapof ROB-in Rx hardwareasseenfrom the PCl bus

5.3 Supported Accesses

TheprogramSRAM supports32, 16 and8 bit accessesl he Fragment memory
supports 32 bit accessesnly.

TheROB-in Rx addresspaceds markedasprefetchablen the PCl configura-
tion registers.
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6 S-LINK interface

6.1 Reset

The S-LINK resetprotocolis not handledby the control logic. After asserting
URESETIn the RCR (seesection4.3), the software mustwait for the LDOWN
signalto be de-assertetheforereleasingURESET The LDOWN signalcanbe
seenin theRSR(seesectiord.5).

6.2 UXOFF
The S-LINK UXOFF signalis generatedyy anOR of threesignals:

e TheUXOFFbit in theROB-in ControlRegister(seesectiord.3).

e TheProgrammablé&lmost Emptyflag of the FreePageFIFO (seesection
4.4).

e TheHalf Full (ROB-in Rx) or PAF (ROB-in Rx-P)flag of theinput FIFO.

The currentstateof the S-LINK UXOFF signalis availablethroughthe RSR
(seesectiord.5).

6.3 UTDO

17
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