I/I3AEAI/IH MHUKPOSAEKTPOHUKH OBIIEIO N
CIIEIIMAAN3NPOBAHHOI'O HASHAYEHWSA

PEAAMBAIIHA HHTEPQEHCA SPACEWIRE B MHKPONIPOILECCOPAX HHHCH
PAH AAA KOCMHYECKOTO MTPUMEHEHHA
IMPLEMENTING SPACEWIRE INTERFACE IN MICROPROCESSORS

MANUFACTURED BY SRISA RAS FOR

SPACE APPLICATIONS

YK 621.382.2/.3, BBK 32.844.1, TCHTU 47.14.07, SPIN 1213-6377

HOBOXWJIOB E.A.
novozhil@niisi.msk.ru

Qry ®HI] HUHUCH PAH
117218, Mockea, Haxumosckuii npocn., 36, k. 1

NOVOZHILOV E.A.
novozhil@niisi.msk.ru

SRISA RAS
bld. 1, 36 Nakhimovskiy Ave., Moscow, 117218

IpencrapneHa yHuduimpoBaHHas peanusauusi uHTepdeiica SpaceWire B pazpadoranHHom HMMCU PAH cemeiicTBe MUKpocxem

JUIS KOCMUYECKOTO MPUMEHEHUSI.
Karouesvie crosa: SpaceWire; muxponpouyeccop.

The paper presents unified SpaceWire interface implementation in a series of microcircuits for space application developed by SRISA RAS.

Keywords: SpaceWire; microprocessor.

B HUMCH PAH pa3paboTaHO ceMeiicTBO MUKPOCXEM TSI KOCMUYe-
CKOTO MPUMEHEHUSI. DTO CEMEICTBO BKIIIOUAET B ceOsl yIIpaBsIIONIUi
TMpoleccop, pe3epBUPOBAHHBII COOCYCTOMYMBBII Mpolieccop, Mpo-
11eccop MOANEPXKHU paHee pa3paboTaHHBIX MOLYJIel ¢ nHTepdeiicom
PCI, xommyTaTop uHTepdeiicoB SpaceWire. DT MUKPOCXEMbI UMEIOT
YHUGDUIIMPOBAHHYIO pealu3aluio noacucteMbl SpaceWire, mo3Bosisi-
IOIILYIO CTPOUTD CUCTEMbI HA OCHOBE 3TOT0 MHTepdeiica. MUKpOCXeM bl
M3roTaBJIMBAIOTCS O TEXMpolleccy ¢ HopMamu 250 HM Ha OTeUeCTBEH-
HBIX (pabpuKax, UCIOJb3YIOTCS MJAACTUHBI KPEMHUI Ha U30JsITOpeE.
MuKpOCXeMbl COOMPAIOTCSI B TePMETUYHBIC MeTaIJIOKepaMUIeCKUe
Kopryca. /lajee B CTaTbe M3JI0XKEHBI OCHOBHBIE PELICHU I, MCTIOTb30-

mopThl coBMecTUMBI co ctannaptom EKA ECSS-E-ST-50-12C.
J11st HACTPOWK M, YIIpaBJIEHUSI M IMAaTHOCTUKU MOoACcUcTeMbl SpaceWire
CO CTOPOHBI IIEHTPAJBHOTO MPOLIECCOPa UCTIONB3YIOTCS PETUCTPHI
yYIpaBIEHUS U COCTOSTHUSL.
XapakTepuCTHKH OCHOBHBIX YCTPOICTB moacuctTeMbl SpaceWire.
WHTtepdeiicHbiit mopT:
* uHTepdelicHbIii mopT cooTBeTCcTBYET cTaHnapTy EKA ECSS-E-ST-
50-12C;
* mopt ucnosub3yet nuddepennanbabie curHansl (LVDS), anek-
TpUYECKUE XapaKTEPUCTHKU KOTOPBIX COOTBETCTBYIOT CTAHAAPTY
ANSI/TIA/EIA-644;

BaHHBIE NIPU pean3aluu noacuctemMbl SpaceWire.

Wnrepdeiic SpaceWire 6111 pa3paboTaH 1Mo 3akasy EBporeiickoro

kocmuyeckoro areHtcTBa (EKA) nnsg yHu-

KOIMpPOBaHWE CUTHAJIOB MOPTA MPOBOAUTCSA B COOTBETCTBUU
co cranmaprom IEEE 1355-1995.
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NUMEET HECKOJIBKO KOMMYTHUPYEMBIX IOP-
TOB, OIHUM U3 KOTOPBIX ABJIACTCA CUCTEM-

HBIH MHTepdelicHbii mopT. BHemHue

Puc. 1. Cmpykmypnas cxema nodcucmemot SpaceWire
Fig. 1. Block diagram of SpaceWire subsystem




AOKAAABI KOH®EPEHIIUU

KoHTpoJiep mpsiMoro 10CTyTia K maMsiTh:

COCTOMT M3 KaHaJla IIpreMa 1 KaHaja nepegaun. KaHaael GyHKIIN-
OHMPYIOT HE3ABUCHMO IPYT OT IPYTa;

obecreynBaeT mepeaadyy OHaHHBIX M3 aIpPEeCHOrO MPOCTPaH-
CTBa BBIUMCIUTEIbHOI CUCTEMBI B ceTh SpaceWire U B oOpaTHOM
HarpaBJeHUHU 6e3 yJacTHsI LIEHTPaIbHOIO IMpolieccopa;
MporpaMMHasi MOJieJib MOCTPOEHA ¢ BO3MOXHOCTbBIO MCIOJb30Ba-
HUs KOMaHI npoTokojia RMAP B cOOTBETCTBUM CO CTaHAapTOM
EKA ECSS-E-ST-50-52C. IMoanepxxuBaeT UaeHTU(HUKALIUIO TPO-
TOKOJIa B cOOTBeTCTBUU co cTaHaapToM EKA ECSS-E-ST-50-51C.
MakcumabHas JJIMHA OTIIPABIISIEMbIX U TPUHUMAaEMBIX TTAKETOB
NIaHHBIX cOcTaBigeT 16 MGaiiT.

SBisgeTcd BeAyIIMM YCTPOMCTBOM Ha IIMHE BBIYUCIUTEIbHOM

CUCTEMBI.

KommyTaTop:

He 0J0KMpylolasi CTPYKTYpa MO3BOJISIET COEIUHSITh 10001 BXOA-
HOM MOPT C J1I0ObIM CBOOOJHBIM BBIXOJAHBIM MOPTOM HE3aBUCUMO
OT paboThI OCTAJbHBIX TOPTOB;

MOAAEPXKUBACTCS HECKOJBKO MOPTOB, OIUH U3 KOTOPBIX SIBJISIETCS
CHCTEMHBIM UHTep(dEiCHBIM TOPTOM;

MOAEPXUBAETCS JIOTMUecKas aapecalysi, B 9TOM CIydyae UCIOIb-
3yeTcs Tabaua KOMMYyTalluK;

* TMOIJIEePXMBAETCS TPYIOBAs afalTUBHASI MAPIIPYyTU3aIus (group
adapting routing);
* TMOAJepXHMBaeTCs IMpOKoBelaTeabHbie (broadcast) 1 rpynmnoBbie

(multicast) criocoObl epenayy NakeToB.

ABTOp CUMTAET, YTO B JaHHON paboOTe HOBBIMU SIBISIIOTCSI CJIEAY-
IOl Me TMOJIOXKEHUST U Pe3yabTaThl: pa3paboTaHbl YHUPUIIUPOBAH-
Hble alnapaTHbIe CPEACTBA ISl TOCTPOeH s nmoacucteMbl SpaceWire,
HCIIOJIb3yeMble B MUKPOCXEMaXx JJIs1 KOCMMYECKOTO MPUMEHEHU .
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The SRISA RAS has developed a series
of microcircuits for space application. This
series includes a control processor, a redun-
dant/back-up hardened processor, a proces-
sor supporting previously developed mod-
ules with PCI interface, SpaceWire interface
switch unit. These microcircuits have a uni-
fied implementation of SpaceWire subsystem,
making it possible to build systems basing
on this interface. Microcircuits manufactured
by 250nm geometry size technology at domes-
tic factories utilize silicon on insulator wafers.
Microcircuits are assembled in hermetic
cerametallic packages. The paper highlights
the main solutions for SpaceWire subsystem
implementation.

SpaceWire interface was custom-made for
the European Space Agency (ESA) to unify
communication between different devices
in space vehicles. The ESA issued a number
of standards to provide compatibility between
devices utilizing this interface.

The unified SpaceWire subsystem devel-
oped by the SRISA RAS meets the require-
ments of these standards. Fig. | presents a block
diagram of SpaceWire subsystem.

SpaceWire subsystem consists of a routing
device, external interface ports connected to it
and system interface port equipped with direct
memory access controllers for receiving and
transmitting packets.

The routing device consists of a non-
blocking switchboard and a switching table.
It produces switching and packets forward-
ing inside SpaceWire network, has several

switching ports, one of them being a system

interface port. External ports are compat-

ible with EKA ECSS-E-ST-50-12C stan-

dard. Control and state registers are used for
tuning, controlling and checking SpaceWire
subsystem from the side of central proces-

SOr.

Characteristics of Main SpaceWire Sub-
system Devices
Interface Port:

¢ The interface port corresponds to EKA
ECSS-E-ST-50-12C standard.

* The port uses differential signals (LVDS),
whose electrical characteristics correspond
to ANSI/TIA/EIA-644 standard.

« Port signals encoding is carried out
in accordance with IEEE 1355-1995 stan-
dard.

Direct Memory Access Controller:

« Consists of receiving and transmitting
channels. The channels operate indepen-
dently of each other.

* Provides data transmission from address
space of computation system into Space-
Wire network and backwards without cen-
tral processor participation.

« Software model allowing an opportunity
of ulilizing RMAP protocol commands was
built up in compliance with EKA ECSS-
E-ST-50-52C standard. It supports proto-
col identification in accordance with EKA
ECSS-E-ST-50-51C standard. Maximum
length of transmitted and received data
packets is 16Mb.

» Performs the role of master device on the
bus of computing system.

Switchboard:

+ Non-blocking structure permits connect-
ing any input port with any free output port
independently of other ports operation;

* Supports several ports, one of which being
a system interface port;

» Supports logical addressing; in this case the
switching table is used;

» Supports group adaptive routing;

* Supports broadcast and multicast means
of packets transfer.

The author considers that in this research
the following provisions and results are novel:
unified hardware tools have been developed for
building SpaceWire subsystem used in micro-
circuits for space application.
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