e3e@<=$>F? b@@@d: ~ 8 ~~PR- 20Q  Technical Field [01 ] Thd arég%&“ﬂz
invention relates to tel ecommuni cati on systens and nore particularly to an
i nt egr at adoesgnsaogrs digital netvvor prOV| di ng 2eTSG0M6er f ace
converter that is capable of sel ectg W&@M ml ng in either network
termnator (NT) or |ine term nator [02] Integrated seryvices
digital networks (1SDN) allow users of Ko1608) ephone network to exchange both
voi ce signals and data in digital formrather than analog form This is a
gl obal tel ecomunication Bﬁ”tﬁﬁ)ﬁﬁféDHsS?f m Wﬁﬂi n and

swi tching technol ogy to suppuort DO VOICE and data corrunrcdti on over the
sane twi sted pair, and provide end-to-end digital connectivity.

Tel econmmuni cati on networks currently eﬂhbhmﬂhﬂdi_conventl onal (i.e. anal og)
term nal equipment (TE), e.g., user prem ses device that serves as a data
sour ce, data[@ilnk, or [The breseatdnyésitivin (reliatgs ttaltdledcommumiedtion fySt8ins Bind more

architecture of these tel ecommunication.netwarks beco e conplicated
as the distance béﬁéﬁ‘é]ﬁﬁi’ﬁ%aWEgegﬁ@dtsﬁ@lqeémlfaiPFﬁ“WélF w&gg@w RE an

conpl ex conf i guraswnn&ifaw%aﬂvé?e}vmstkﬁs  baaY ief ef%@réewél y 'ofeRtin finegihgpTENt
to be inserted between swi tch a nmultiplexer th erves to
bundle nultiple sn@mﬂstmnhmtoa{(hlﬂ‘i) pohbetefroimator (EBymodesnsni tti ng over a

si ngl e communi cations channel. To better explain such conplexity, the
typical architecture of current tel ecommunication networks is described
bel ow. [04] As shown in Figure 1, the ndaskgound chitecture for a private

| SDN | ocal area network (LAN) user access 10 typically uses a network
termnal (NTJ0Z}1 as anlit&pided wervidies digital fSEdiNoeksi (ISIDN) al]cgemeasrabf yteiephone
interface that connects | SDN Wll‘ﬁ%tgall‘s An examl e .of

Private Branch ExBRROHEtq Prskpngerfafhnypice sighals and datg ip. dipita alaslfatﬁ"rrgﬁ\aa
subscribe line (Uahd]%&‘&ﬂpe)'rlﬁi N t16bat 4ElRetaRuARE 6P B O1ck Shatt ude® dgifM I e
pair (S interface 0U2 WO 02/ 08a983 PCT/ SGO1/ 00062° NT 11
provi des 4-wire Stramsﬁmemld( m@)mg_zteclumilmert@cﬁupm batht yoieee andsdatg t o

| SO t ot ephones . ASRARPERIThaPer Mot il Sha iplias FhodSitnd Felt ™" °°

configuration 10, chsetieity. lsmmcumﬁﬁmidaﬁaxbl eletvﬁorkbe cOir&itBn CempRiyWekdin t he
NT 11 and the TE 13 is less that 1 km gure 2a illustrates a private

| SDN LAN user acc&@uventionghgrce aaﬂeg)oﬁegwﬁb@lw%é’ﬁﬁi»wwm\p@mc@rsleweand
the S/ U converter tﬁ?gﬁfs%&%a&agsomnd&agi? b&tb thﬁ ?iﬂgt anld,glﬁg? te-mﬁn t wor k

architecture of an user actess at ypl ca 'y uses
an | SDN swi t 15 that ﬁ”té

is also typi E&ﬂ] for th:arR %Qﬂg #@Eéeﬁ?&%ﬁuﬁ%ﬁ?@f%eﬁmﬁ #é};‘oﬁ{e% Z@rarngnat or
(LT) 15 at the i ntemplicated 2A the distancd berereerstha TEs antlahie JSDN tamireals inbmsasd. oop

t hat connects the twork Termnm_nati.on éqeference gq‘ﬁnt tp the | SDN net rk.
Under U.S. regul aff Bneomplex Gopfightetien off MpsppRstworkierqduie Vel Pes

bet ween cust oner - gyiisRleROt BEENertad BeiwtEn AHE TSDNNSHHEH kind Ehmauﬁ%x\epm&%:
architecture 20 aI 0 re uires S/U interface converters 16, each assum ng
the role of an NTserves ﬁorhlledlfeauuitlwetshgmmma Sl[l@b]e fisrmyatr for Erbnsrmttuatovat es an
al ternative archi tecf ur e _to_networ 1t alto sed V\/ﬂen t P?'e

architecture of aSIBE &y SYTBMHRIGRHQIRNF acce efoe %‘E ST oM 8’9

switch that provi ggscad Aﬂcmwcarréa&écuﬂrl@ritetelécaﬁmmm@mmﬁ/ hbtivofler {2 @escribed
converters 17) each assuming the role of an LT, between S/ U converters 16

and | SDN swi tch 9beleWes the probl em

is a

ISDN

[04] As shown in Figure 1, the network architecture for a private ISDN
local area network (LAN) user access 10 typically uses a network terminal
(NT) 11 as an ISDN switch. An ISDN switch is generally an interface that
connects ISDN wire pairs. An example of an ISDN switch is a Private Branch
Exchange (PBX). The NT 11 connects a 2-wire pair digital subscribe line (U-

interface) from the exchange and converts it to a 4-wire pair (S interface). The

RO
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[07) Figure 3 illustrates network architecture for wi de area nef Agg
at distances greater than 5 km Here, a U interface 14 can be cons

the | ast Whlo9g®bgy, prior to the WAN network 41. At S-int gidia¢go1edes2d TE 13
is connected to an NT 16, acting as an S/U interface, to a multiplexes
conprising an LT 18 and a MJX 19. In this arrangenent, two S/U interface
converters, one as an NT 16 and one as an LT 42, are enployed in a manner

imlar to th fi t f. Fi
oI o L0t e nengPL SONLLONLAL S BlnllhEnila Whle ARemiRA, THY
converter 42 is nqB.to-forn thell. ANABR EXQ681eV0f @ AH) B AR ISDRGIePikehtiSéd A2 8 8]

As provided in the Mtel MI83830C Subscriber Network Interface Circuit data
sheet, Figure 8 ilsnchkes RN tdwmmﬁﬂé terminals,Nerminaleadaplers, stcer This setwork

converter. As shown ur, et s 3 er net wor.
interface circuit °€§K€‘thg‘m+§9‘1%"°§’°ﬁ. §° glapgh/rr%i? g?%ﬁ?‘f@i%ﬁ%‘g??‘atﬁnm
circuit (DSLIC), andcnd tM'cqurlg)Qggsm@flf@rm a conventional NT node S/ U
interface converter. The M croprocessor initializes and configures the

registers of rphye SNIC NE8G30k ﬁlﬂ@'ﬁ@%h%m‘\/ﬁé%ﬁ IIM\I'\EEeFBQ&ss YBORhere the

initializati on and configuration, the | C MI'8910-1 operates in a slave
nmode and sources tdistaneg betwgealtke IS%SWthmddlﬁ%(ébCOWhﬁeﬂﬂ_lS(Erm&ghml

t hen out puts the rf.ace,ti nalst | C MI8 ter
receiving the Ui #Ei&rﬁfgtleﬁs ‘M?‘Sﬁgn netpark %F%%ﬂ’gﬁjw gﬁ%ulr t fr&T

U nterface tim ng astds@0sat ttkis tdistande ltﬂil&lﬂy&fs@s aA 8D svaicta 1 Srgisdt Proviles U-
S-interface. The conventional S/ U interface converter of Figure 8 is only

operabl e in the NMigHaeesdddn éfé@soﬂ"féﬂntﬁﬁf%ﬁﬁdét ismlsogypisal for thp SN iswitch to t he
LT mode. [09] An aa%ﬁﬁ@fhe%ri?le%‘f&lﬁ%% Eét biseﬁf't&% n{t& & R- ln%%ﬂlcﬁ%t ch

9 that assunes th erface as s own 1n ure 2b.
However, for | SDN asmsmdnles;ausmbsbnmﬁt lodhl ﬂm‘ucmmmnttmxmtwm Cnehnmanmln

S-i nterfaces, it w not be oss to conn .network un] ess U
interface subscriBf “?nicﬁ@oli‘ér‘ lgﬁ@é‘?f‘\‘ﬂjkaﬁ'ﬁf?éw% @\é\gggp%éd[}a‘m?r ace
inpl enented for eagdy ﬂ'éfk%‘%@ hh§@q’"d%iﬂa?c‘ﬁﬂoﬁ%eh%é@h%u%ﬁfe?%%eﬂ %qFffg]ent and

econom cal because nmultiple separate Iine cards are required Anot her
attenpt to overcortke phblsz metwbike nThis mbvcmbsr@nteamresm alserréquBSIS/Uenmfadﬂ or
the nmultiplexes 18, 19

bot.h ired
to design new sub&’w%elrs P% g?l"f %fg'gr%ﬁ%r ro %ﬂﬁartlﬁi @glgfer%?e ?”H'B ]g#eﬁt |r ﬁgu!ngh
02, 2 S 112 O B B3O BT R A B
di sadvant ages of qRAMEMWheARe de‘a%\}k%éﬂuﬁemeesf sgﬁvaté ISBNADANNRer 88JesC30 Of

the present invention is to provide an interface converter that
shares a conmon haiogwaotecqntm i LS whtchathai\mo'adpmrﬁbmter&w dleretingarting 3

WO 02/ 084983 . 18 ng‘ 0 13] .An addl ti ct o he
""resent inventio 1% g onvgggésn I’§%ﬁl %‘7 qu'?ﬁ g}ef ée 0 Sﬂ ’t e?wf?{’a%/[}
shares a common h&bdm@smmemgwn&hMmdmheptwmﬁr configurations and
that can sel ect the signal path and running firmvare to performthe role as

an LT or é D|J14] AN ejgitef 3T fliSkat@dineEForRf arlchitechires fIFt widty aipdd Ql@tvl'o”?k?so
provi de an | S/U interface converter that has a sel ectable and

reversibl e direct (B3R} atydigancesgreqtarsthan Sthmi  Here, herlU-itpefage b4 aanebe

present invention | LoV / U | has a
sel ect abl e and re\?(e)ﬁsslla%f:g agt:ﬁr g%{ ?@%A@\g\lg r%tq‘ {PISW o%ﬁetg{ggﬁ)ﬁ%&é %rfa\‘/:\f th a
comon synchroni zaR| enTBi 13 tonmeoedow A0MNT ab, astivg a9 MADS/HahRrfaes . to a

multiplexer comprising an LT 18 and a MUX 19. In this arrangement, two

S/U interface converters, one as an NT 16 and one as an LT 42, are employed
in a manner similar to the network configuration of Figure 2b. While an NT
mode S/U interface converter 16 is readily available, an LT mode interface

S/U converter 42 is not,



[ 16] Anot her object of the present invention is to provide an Iiﬁ\l &JZUUZ
interface converter that provides an arrangenent of such sel ect

confi gur eqysglidesdsyr €s together with links to | ocal networkscpggoldné:
di stance networks. [17] An additional object of the present invention is to

provide an ISDN S/U interface converter that provides conveni ence, both
econom cally and systematically, for a systemintegrator to use and

t I t f i t 8 th hj e th
Mvention 1 [ oif’ﬁeﬁarperﬁé' R 3t ey SRR6, Sitseribern Metwtrk lpisFace
connect  vity o WANQG] VAl Sndefr Fidtlel 8sHART ah XaMIE YT P AP HheeRIGL i N0

only with S-interface connectidns nmry o nvention [19] I n order
+0 achi eve the abointerfanel comveeter. 0As abdven imFigued 8,rmdmoh8ﬂ&ll\d§[‘893’qOﬁImbﬁerdmr

converter and a network arr enent ai ni sugh.d e | SDN S/ U
interface conver_te?et}"'g ?%g&m%é%r 'Nﬂt@go &5‘%;] F}‘l?sﬁ'fl ST INCINtST G, ¢ er
‘conpri ses: a di gi tgleult rIU?eind h%wkd}ir@ée%ﬁﬁefoﬁh r£ dbiventShdl AT frRbde S/U
comuni cation with the typé signals utilized on 2-wire digital subscriber

| i ne connections, wmtesfabecednyerternet Tes IMicmmwea@e itiaizes uwNicopfigues the

V0 02 05403 16 et of HRHICPBHE s AT MERI0 & hadl LS

synchroni zati on ci inftiflizaticsy Bid Cohifiglirition; R D&ulcrnmvewe-lsw&a@s gﬂad Slave
bet ween the DSLIC and SNIC, and a mcro-controller, . 2“get er with some

memory peri pher al smodgandssourses siming sigpals fromhe B-inigrfage| 7b¢ DELICAEI03hd

ot her objects and 0 i

apparent by descri }rflgﬂl n d eaplﬁlré?fa errelzé Siﬁgmglmr)mtﬁ - qm&wn%h !
reference to the atebacimgdhdlthmtmeltmunglsrgnals[ﬂﬂa INK; MT8939Comepwts the U-
conventional | SDN LAN User Access I\/bg?l '_27&2 J Fig., 2a shows %}ES%)N‘ ;AL

User Access Model Mifrface tgupe signgls e % friggeq aCiH)g a3 Rastien terffa s er
Access Model for LopgesnvehgémlSAY 1HY@1?£& éo‘%%ﬂte?@ﬂ I%g{u%oﬂ‘xsd&ﬁ oB@Fabl%r ﬂvthge a
Uinterface; [24] Fig. 3 shows an DN WAN User AccCess I\/bde [25] Fig. 4a
shows a functi onal NBimade mhadaﬂgasamtm&mad\eSidzptiomtOé'lopemangxrnﬂ!erlt'l“emodm LT node;

[26] Fig. 4b shows a functional block diagramof an S/U Interface Converter
in NT node; [@P] Fig. SAnsiktempt aarb\}erqmlrmmmmblem Bfto tuse aDUSDNMwiechY that

I nterface Converter in LT no | ement ati on of the
Dol Mode S0 T nt cheuBes B deieh i g6 B g5 oSHotl et A
Chart for the S/ U jghevdrafs I@N’?\Wﬂﬁl‘és 'uE\edt S meﬂlbmg%xnsﬁ@bnl I\gith 7a

shows O ock Sync Timng in LT node. [31] Fig. 7b shows Cl ock Sync Timng in
NT nmode. [32] Fig.S8nteiianes, i vaimebhe ipossabble XY comrteet & & WADNenétwork anlasselter 5

interface subscriber line cards 42, acting as LTs, are designed and
implemented for each private ISDN switch 43. This approach is not

economical because multiple separate line cards are required.

[10] Another attempt to overcome this problem is to design an S-interface
line card for the multiplexer 18, 19. In both cases, however, time and effort is
required to design new subscriber interface cards, and the cost of

implementing such design is high.

[11] One object of the present invention is to provide an ISDN S/U
. interface converter that overcomes the above and other disadvantages of -

conventional ISDN S/U converters.

[12] Another object of the present invention is to provide an ISDN S/U
interface converter that shares a common hardware platform with hardware

jumper configurations.



~ ~ APR 2Q-~ WD 02/ 084983 PCT/ SGO1/ 00062 Det ai | ed Description of  the
Preferred Enbodi ments [33] The follow ng description of the pref.‘érﬁr &PR 2002
enbodi neRy§ ofog@ePses specific configurations, conponents,pciboRfofeBSS
steps. However, the preferred enbodi nents are nerely exanples of the
present invention, and thus, the specific features described bel ow are
nerely used to nore easily describe such enbodi nents and to provide an
overal | understandi ng of the present invention. Accordingly, one skilled in

the art will [Fadi |y rebadditianal iphiect pEthyr asesnt inyapdae iivto peovide ap 1EDNed to
the speciflc emboQueihsflesesRad: Ml Wards!h! BRhABA Chadiliird! B! WA O

various configurations, conponents, and sfeps (0] e presenet Invention that
woul d have been kmawdwdrejummper sbafiguestions ahdithabedn seleet theisignatpdthand Asngrgke of

clarity and brevity. [34] The present invention relates to an | SDN
converter for pr oﬁrﬂi“f?ﬁe!é)rpegﬁﬂnit]i‘ﬁ’&kf%?@é‘I%%Nirs capabl e of selectively

operating in either line termnator (LT) or work termnator (NT) nodes. In
addi tion, thél4ISDN S/ UAmevantfyethercahiges of e presont Hventions is| to ravide an ASDN

Cover bl o eCt o U0 LR ey, AR B0 e S0 SATHT 530

non-limting enbodlowent of the present invention, as illustrated in Figures
4a and 4b, a stand al one dual node | SDN S/ U interface converter 50 is
capabl e of sejgctively ORENFukiG dbiectiof AR prleden® inM¥htiBRIE o Provide adiIgdiTENt
of junpers or other electronic switches to a high or Iow voltage input (not
shown) . The st and&/Urintetfaeg conygren banhas/ asqlentahle aa¢ revsrsibletdirectioghpf Byneses a

comon har dware pl rovifes .fo ri Mo, f U .0 by t he
iseof sel ect abl o Toar e £0ORBR FaltE itrch o g I BeabRics B RO an
runni ng firmare ftcbatrol| Snddunimp dath 8ad, or LT or NT operation selected in
response to hardware junper adjustment. Wth the dual node capability of
the 1 SDN S/ Uggnvert er Arbtiser SSHfstt iof Ry hrdseit iadehtioheis o Sprodide dnyIBPNfs/U
equi prent for insertion between an | SDN switch and a nultipl exes. [36] As
illustrated in Fi duipeaceconverterishat previdesiap armangamens of svghsselectably eanfigured
subscriber 1ine i MALELAS Tkl With 1Sk ot 2L o FPIAY BIALL ABiekd) the U
rrze n I'tal Ions, a su er

type signals 220 u -Wre dig connec SCri

network 6 APR 200 .02/ 08983 PCI/ SGOL/ 00062 .i nt.erface.circui

(NG 120 1 B comuni it P0G o1 S5 e rePeat gRaRubs o5 4, PGt SSDN v ¢ o
(2B+D) digital cogmgcintedfase conteMet GRALHIBVIEES €BhRMichat, Beth &doh6midalll HHAC
Circuit) 170 that can provide O ock sync signals between the DSLIC 210 and
SNI C 120, and a Mskstematinsllyofaray systsm indegsataeto e andsmgntain iy pye type of
peripherals, a coghﬁ@h}eﬁ s 90, and a local telecombus 160. [37] The nmmj or
di fference between'the and NT node of the ISDN S/U interface converter

50 is the so e of cl h i i l. . tim.ng Si I re
sour ced fromﬂ e Sint é’?‘{ggie\é%%b%?%@é k’%ge%ﬂﬂ&%‘?g?‘ggﬁ&r%ﬁ%"emm
U-interface 220, astedfic@tonvertér Gt allekes corhettivdtyNio MWAN, ndtivbikadfos isgitahés f or
t he converter 50 are sourced fromthe U-interface 220, via the DSLIC 210,
and supplied to t Weedin AN epyisenments existingipsliwith Srinsufage agnnecth®s. Fi gure 6
provides a flow chart diagramof a Dual Mode S/U Interface Converter in
the NT and LT node. At the conmencenent of operation, the Mcro-controller
isinitialized and configured (300) ; i nput NT/Lt signal is
i nput, by an adjustnment of the converter ju&er settings, to the

M cro- cont roll1¥r, Sync Iiordenta achigyg thpsiboye e other ahjectsyiacdual mode IFPNS/Ur eads
the NT/LT i t si 0Lt S i I t
the appropr i ate sufeeshehts b5 8 Suolpth AR MRS cdrtfnil) ancfhaPiods, O,

is operating in thISDNTS/ubiderfatdiconSyRer iChfovided. Thl @aalsmbMeISTNSAY intaifscenode
of the SNIC (321). Upon LT node selection, the SNIC sources tinmng signals
fromthe S-interf &CRVEsISH COWMPHStss at digital subsetbeg dimetintariage §irgwa|(QSL?le B Sync
Grceuit (322). The,S¥Wlhida b hr ant. eceh\ rf.agG
timng signals an 0out pb&lggmths%c ?‘(}Jér%i ézlé%?sshpﬁ%ggr age‘gl?? %éﬁ{gﬁ glllggs%g % to
the DSLIC (323). dnee comeectigms;hrnosiuzsedbd- ineteorkadnterface ngiraiitgn@NICHr éor
recei ved, the DSLIC output.s the synchroni zed S-interface tim ignals to
the Uinterface (3%9M op h‘%’?}S/t%/f I%h%? fs%‘élscB%ﬁt%‘?' %‘?‘fsgéggﬂgnfﬁgltﬂ t he
NT node, the Sync Circuit selects the appropriate node of the SMC and
outputs a clock reference signal to the DSLIC (331). Upon receiving the

cl ock reference signal, the DSLIC sources timng signals fromthe

U-interface and outputs the Uinterface timng signals to the SNIC (332).
Once the 7 4




9 8 APF,' ~~~ WD 02/084983 PCT/ SGO1/ 00062 synchroni zed U-interface tipm
signals are received, the SNIC outputs the synchronized Ui nt el Ba PR %ﬂr}gg
signal s toPrsessnterface (333). [39] Figures 7a and 7b shemsddifosd20CK
sync timng for a SSU Interface Converter in the LT and NT node,
respectively. As shown in Figure 7a, the C4b S, C4b U and Osc cl ock signals
are frequency locked in the LT node to a strict phase relationship. In the
NT node, the strict phase rel at,i hip for the C4b S b U.an C i S not
required, as shomm?°f’ﬁe°ﬁ°8§1r% %chgﬁle]spmcmwéam ﬁlrF‘BH,(gﬁ'bﬂk#‘fcl"Hq? ﬁﬁﬁ can
enbodi ment of the FROARERInd SEARL ib@Rvech Shé DISH3ET A BNIC) Al W hsto 28n@6kroh)
where the O ock/ Network Term™nation Mdde Sel ect Input (CK/NT) 130, clock
signals C4b S, C4Bogetherovitl scamempumiogepasipheralss FOb S, FOb_U 150, free

runni ng oscillators 180 and 181, phased | ocked |oop (PLL) 190, oscillator

i nput (Gsc) 200, and the NI/LT switching signals 70, as provided by the
har dwar e j unper configuration, arBrieflRescuptionof tiithBrawingsivar e j unper
configurations may be provided as a variety of known sel ectable electronic
har dwar e swi t[2bles or sdFhensboreand tother objerts amduddyaitegdsnafirthei preseheinyentior] 41]

In a preferred enbodi pent, the hardware junper contiguratjons control the
cl ock synchr oni zatW'dn #PTemort ?‘Wﬁrﬁpt?yoﬂ?ﬁggsggf‘inr‘ﬁﬁlgré’“?fjﬁ“?(ﬁém%°&lm°nts

- microcontrol | er 8QhLaR6F withRdtreRdd 1 thi RERhELRAMMEs i G itdr dwar e | unper
configurations, the firmvare deci des whether to configure the DSLIC 210 and

he SNI C 120 i T : [ ' I )
the .[gg cuits aﬁg Nl sfwsla cdéggrlﬁrongll'lgﬁﬁ LﬁfN{dU%{t; el Mﬁ&;l’ng t he

synchroni zat i for the Tonverter s determne contro

di rection of si ghalg.fl I i [ in the
Sync Circuit [%ﬁ inr e%é.oi;agg%%%{]E%Dﬁ'qu@tgﬁ.}sggﬁ% ?egég;ﬂ'f@f Lﬁ’gﬁhﬁg{;ﬂs@)ﬁﬁ%ﬁ’ 70.
[42] As illu ted in Eigures b5a e sel ection.qf the (LT node
for the ISDNi%;i conver]%:’g%glqws? qnﬁgﬁl\gﬁf\yggsaw\qcmhﬁﬁﬂgoraﬁqq}gé'ﬁ%/bs#aq_cgw
signal NT/LT i nputwiy@t HRASDROsvitchi diRs NbiGirevia® RIU-Ritdreice80, DSLI C 210, and
the Sync ' CGircuit 170, using the junper |ink selection. [43] The
Mcro-controlbgr 80 prgybdeshdiiGnTSHREWANY UsSMAEQEs Kedet red by the various

circuits viathe Control "Bus 90, as illustrated in figures 5a and 5b. 8 ~
8 APR 2002 / 084983 S 0Q0 : u tq; ! oPafNh 0 L.on,
the M cro-cofftoller 80" 'ecgét s%mé{':sc%r I r?g&?ég Pﬁgkls?lg%%{g aoxdm?i ne g@%ﬁ%ﬁ on
scenari os of the Lonverefiadd mobe; 110 and U interface 220. For NT node,
the U-interface 220 is first activated before the S-interface 100, 110;
activation i 26N the renigrsib thows he finrsiendlf bloble didgrandef hp@IUr emeifag t he
NT/ LT signal input 70, the Mcro-controller 80 executes the

firmar el sof t war e GINVEEEIPIEhEWGi th t he sel ected node. By way of the
Control Bus 90, the Mcro-controller_80 initializes and configures the
operational fBde of th&FiGNFT shows raagimplementatiamef $ha BuiekMedsde/LbAnterface
converter 50. By nv@ﬁ ttigqﬂsmloﬁ:e 120 and the | ocal tel ecombus 160, 161, the
M cro-controller I EialTzeS %nd confi gures the operational node of the

DSLI € 210 reg&glt er to tlﬂg. §§|s%8;[w(sadannpnql)e\ler91£ntgtri]§n 5P ?l\l/eebtu%{ N?gde S/U Interface

Converter in NT mode.
[29] Fig. 6 shows a Flow Chart for the S/U Interface Converter in the NT
- and LT mode.
[30] Fig. 7a shows Clock Sync Timing in LT mode.
’ [31] Fig. 7b shows Clock Sync Timing in NT mode.
[32] Fig. 8 shows a Conventional NT mode S/U Interface Converter



[44] Also shown in figures 5a and 5b, the SNIC 120 provides both the

physi cal and functional interface to the | SDN subscriber usin ﬁnApRimg'gng
AW re ci kd'bleseddde SNIC 120 is inplenmented by a chipset t Bair/sRaibssys all
necessary functions required to support the S-interface 100, 110 i ncl udi ng,
| i ne activation/deactivation, bus arbitration, etc. Such a SNIC 120 can be
realized, but is not limted to, in terns of Mtel MI8930 or equival ent

chi pset. The Sync Circuit i for the SNIC
120 by setting the CK/ NT i iS00l oher 1564 A 2k signal 180
for the LT npde or a H gh Voltage input (VDD) for _the NT npde. [45], The
DSLI C 210 pr B3Aldes bot ﬁg@ rreﬁ%gvgi descriphien P&n‘i??iMﬁf&ﬂefln?@?‘?‘l&&’@nlsoéls‘t‘lﬁﬁﬁsl SDN

subscri ber using J St = Wi T i s, L ig d 5b.
SubsCryber SN0 SRt SehBllediote! SofbbRtid, ofp RN WLl IMRIER 8

f utn_ct i ?_ns ;ng :eﬂrfme&lucxlpmdlmbm_drgmmelyf eumm;ﬂ&)ofltmet pchsag)cgiéantﬁon, ka.ndd t
activation/deactiyvatign, line training,.echo cancellatjon, check,, data
packagi ng. et c. - Sk SeHIBERBE ot JoCLred SOPIoN e maStrl Heror wars gesilyy
terms of a Mtel MIBARO skeh exﬂybdiaieﬁataxﬁheop%gwdel\é?ﬂsv&@nfdnaws%u%@ffth%he

DSLIC 210 is selected by Mcro-controller _Upon reading the LT 70
i nput signal, thepidsentanvantion.olAcsordd@iywraneegkilied nhthe N €ill padily geeogaizevi a

Control Bus 90, i in turn confi.gures th LIC 210 t T o e via
et T R el asonthat the'esent By étigh iR G imbal ot sGest 0 rBedibeRle el 06 6
[46J The |ocal tepgea RiHhethble, the HeBiripliofls6f fafeU¥NGvnfigatatiohd, ofipBheris!S

between the DSLIC 210 and the SNIC 120 for data such as 2B+D and ot her
control signals. Sutsicps ofithe prasenddnyansion fhay wanld have bren knowinttepneskilledM t el

ST- , Bus or |IOM ﬁﬁgic C QI i gl ]y i . [47J The Sync
Crcuit 170 rrakesl%tutlilg ua‘?%g{egffort["éeg%%écignﬁtg%(@a%@piggnverter possi bl e. By
sel ecting thgﬂgi recti Oﬂ"hOf f | qw_of t.t he octk a%ﬁ@ t he %/ncf Ci rcu{i.t 170
conpletes th el ecti on"of™¢ 'Rl‘f?"l.‘?nrfﬁ esf8r ITI§BRIV 9 %Rf?fevr' 18$_a§0. As
shown in Figures SAJ aierfie thithe capable 61 §d¥é¢tibel§'7®eﬁtmgliﬂ%&héﬁl@néjtehﬁﬁiatd?_n of
signal flow for timng SI%MS. S, C4b U 140 and FOb_S, FOb U 150 via a

b ¢ _ .
bi -directional buféByon worketegaingtor (YT reodes/ Lin addisian, the ISPNF/gLinterage ¢ he
Sync Circuit 170 i i nld4 Meg] ! b The
Syne Grouit 170 SVSHECPogREs bl Bid el WodidH Al SiiiPach R4S
C4b U 140 and FObcéimmbfitpath, Iith 4 eomhemg®yricnCarcuigradaimen tonttdicatenmed node
of operation for the_ converter 50. The Sync Crcuit 170 also allows the
i nput option of t Ada8R§-Cc s 120 CK/ NT 130 pin to be either a free running
4.096 MHz clock signal 180 in the LT node or a high inﬁut vol tage in the NT
node. Upon r E¥di ng t he Inam Minstsatiyganon-himitingambadimentof thepresent inventiondsect s
the NT/LT node in; s G j ti 0, i . Sl ls to
CK/ NT i nput 130, 8&%&?‘%3&@?&33% adng%gé s%godg&gn%ai p@rdgtlﬁfgg{gfmnﬁrgéeﬂé}%d t he
ot her input bei ngcanvertghS® 5l dapajde of geledtivebyr opdnatingTinnather LT ror a0 imades byt he
Sync Circuit 170 al s@ all ows..the input option .of the DSLI.Cs 210 200
o1 1o be i ter 1 GUSIOR) B ILFBRAIOT AdieF SEATPT FPAFRes i HER of Iarolises
140 in the LT ”Ddﬁgﬂf (ridt SE&Sn)! YRl sishdadnd AubHnodé BSIBNS/ON@terfhBd coiverieg NT
node. [48J Figure 5a illustrates a preferred enmbodi ment of the S/U
i nterface convert whidhnuseha ¢ommoun dardiese platforar ard provides for Ghaknglobdwe t o

the network and t i nterf Q,is.gl to the TES. The U interf
220 1 theref ore MOGHIRH B eaied Eirelels RSy #EdumbEn Sy ot S dat o
transm ssi on i nt egighdlypath Bnd-funAl@efirmiware MBatiis agmgﬂae fbF DM $rNT pertitionf ace

signals 100 and supplied to the U interface 220. To achi eve synchroni zation
in the LT node, asdeqehin grshenssttedchasgwanedumpse adjustanant. sWithothe rduval modsi ng

clock 180, which gzg)abiliw oﬁﬁ@l@ﬁﬁ?s/moﬁ@ér%;é %%m integrator can use a single type

of equipment for insertion between an ISDN switch and a multiplexer.

[36] As illustrated in Figure 4a and 4b, the circuit 50 contains a digital
subscriber line interface circuit (DSLIC) 210 for communication with the U-

type signals 220 utilized on 2-wire digital connections, a subscriber network



PCT/ SGO / 00062 may be running at 4.096 MHz, is supplied to the SNIgCAJP%O b/i a
the CK/'NT input 130. The free running clock signal 130 serves as a 202

ref erence r the SNIC s 120 internal phase-locked | not
WO freded PePsSiioe

shown). T S 120 internal PLL extracts timng fromt ace
Rx-S signal 100 (4.096 MHz) and generates timng signals C4b S 140 and
FOb, S 150. The SNIC 120 outputs the timng signals C4b S 140 and FCb_S 150
to the Sync Gircuit 170. The PLL 190 multiplies timng signal C4b S 140 to
10. 24 MHz and t heninégifsge cisuit KNGS, fo spmmumigation vyih e Bémecsignals 0@ t he

Gsc i nput 200. The 0y | e Lol fnqu-' erns
of the Texas I nst rﬁtﬁﬁi‘)ﬁgio%&%ﬁ&?j@%%%%Bgﬁ#bﬁogfman%g%}iag}ﬁ %&'tcs t igﬂ%ﬁ
synchroni zed ti m ngircuitgf®hc tCrduite 170 ithdt evah grevid® Clo¢lkd SyncFsignale bbtween the
illustrates a preferred enbodi ment of the S/U interface converter, in the NT
mode. The: U i nt er f DSELG 230; adc3 Yo S0.candne MiGTaeRmtolich 801 o Bsthen oufy seme

+100, 110 i s cl oser i i i t he converter
50 i s maintained b@g?§§§%e}§gf?gﬁé@?[&fe(ﬁgﬁﬁt%!rn?gég&ql%@ol t())'ist?fgof he

U-interface To achigey : ' L,on, | ' i es
a high input 21éigbnal 180 %ﬁ}aﬁ%%r%wf%%?% tpggﬁ‘ﬁﬁ%%ﬁ%bﬁ%&gwgﬂree
rﬁnni ng 1?. 24 M—% ignkegfahe sgb@\]zbider $6%s tie idmce@ﬁclbﬂpsyrllcmeiiﬁm‘tiohhdnﬂsthﬁbdélo.
The signal provide y t.he free running 10. 24 C .18 eryes as
reference cl ock fofMigesigrals @"35502‘1ng%@ﬁ%é“ﬂ%ﬁ%ég&sﬂbﬁﬁﬁ gN# ni2Qg a!“gr

t he converter 50 i | f Mo byt 10.
The DOLIC 220 ¢ hen Bhraurs B op & s L e Ha g B M e e

U 150 to the SNI C tidihg SigrealsSfdr Ghel eénvetiemS batepourced Heong yirecHrioterfaeel 220, via
U nterface timng i I the S-interfage 100 0. [50] .T revi ous
description of theé'ﬁ?feﬁéérztég’ @’ﬁtﬁ@ﬂ?t’r’gﬁ%hﬁa@“ﬂ#&%e&éb’ ?soihg 2:?%8%5 'son
skilled in the art to nmapke or use, the_ present, i nventi Qn. reaqver, various
modi fi cati ons[318g t hese B¥BBH? H@’ﬂ@s\ﬁi%‘” B@Wé‘&&’i 9@@%&%#&@%%&%
skilled inthe arlcomthel iPuAOTPahE wwe&é.ph@sh@s&mﬂﬁﬂcé&%ngwop?aym&e the

applied to other e Iments wthout the use of inventive facu
Theref ore, the prelkero-conirelidriiemnitializedtand mosfigerdd t(30®)eandi arhighdort low input 1

~ 8 APR 2D~ WO O 83 PCT/.S 00062.. enbodi prnt s. descri bed her.ei n, but
s 1o be mocor ged MR b iaR, CiRee s et darFEaC bf Y ortFa iR ST AT ot «
thereof. 12 W@eORIAS4SMAIMARyricCieduat, ahdl DSLICL316) $he Mieroesrteller
conprising: ~1 Q ~,~"R cO-J?. PCI/SGO 100062 a subscriber network

interface circuit ¥eads thee NIVERgnpdsigeal ang initistes and \geafigyuighdhe SNIQ padd on
4-wire digital co i LG cir el I f25¢ iy

timng signals t hgl? gﬁf(:,’ g&rﬁigs%g}no P\?}{g s;égécﬁeggg%eca%[‘g yog'e Vgﬁ%{n%’??;mgﬁ??%f:%i tal
subscriber |ine i ntavererds operating infthe LTanedey thedSymn Citauiirsstectsttheapprbpriate

signals utilized on 2-wire digjftal. caonnections, sai.d circuit, conprising a
second source of (ARG BegiiC (R, Opar EXapeieltibe the S eowes jpun
signals; a sync ci §ight1d ﬁoﬁpﬂﬁ@fﬁ&fe}é@m%ﬂtp%&' fHle %U&%&fdc@‘%fmiﬂétsi’g%iﬁ_ to the
interface circuit and said digital subscriber line interface circuit and

bei ng operabl e i n 8yt ExcuitrGid).arlheSyne doruitnsysiehronized thesesceived Ssintenfade,
said sync circuit receives.a first timn ignal, Ir sai.d first urce of
iming o gnal o andiiie Yeminen pEbukie RheBiotbR SchRTRE inink shipeB W e
generates and provDEEEC §3239.C Ohde thedynchrohigedB-ihterfaed Ametigdsip@ils srélrecuiveasr
line interface CIrCUIt% and in said second node) said sync circuit provides
a third timng sighg DPBIG putputs Hher synchippized | Tritterfaceetiming sizngls toj theuVt ;
interface (324). When the S/U Interface converter is operating in the NT
mode, the Sync Circuit selects the appropriate mode of the SNIC and outputs a
clock reference signal to the DSLIC (331). Upon receiving the clock
reference signal, the DSLIC sources timing signals from the U-interface and

outputs the U-interface timing signals to the SNIC (332). Once the



and a controller operative to determ ne the node of the convertgraan}g
control the 15 activation of said circuits. 2. The S/ CT convertérdal E&QQZ‘

forth i nyg @logieks Wherein each of said sync circuit, saidp&pRE61/60067
network 1nterface circuit, said digital subscriber line interface circuit

and said controller are responsive to a NI/LT selection signal to provide
operation in said first node or said second node. z. The S/ U converter as
set forth in claiml, wherein said sync ¢gircuit conprises a_sel ectable

junper for sw t chiyAghmereddinterfasertiping signals arsgreseived, e o Crputputssthe The
: L bl . . . K
S/ CT converter assyﬁ@ﬁ:oéﬁ@& @#lgkfﬁgggg]ﬁ% %g{r%{% e ?‘:%fér@b’?@@g?.ber net wor

interface circuit,” sard digi Ine intertac rcuit and said

sync circui tﬁ3§jﬁ<’i‘re eI T2 es.g@\luat%‘)crlé@elﬁ gyg}clﬁgxirg %ércé)é%"n rfé{?ésrga?gnset

forth in cla , Where aird sync crrcurt rst d

direction of fl ovCémvertet facthe I N modd, @Espeivedy)s A @hdwn Op Fidiré 04, thé sai d
sync circuit in a_first node or_second node, respectivel APR
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2002 WD 02/ 084983CHH, %W%é@c@lwﬁﬁé@@ls@f@@i‘?ﬂ%‘?‘l"@r‘o%gé’éfheﬂe'?WP%MOcI ai m

1, wherein said fjs L1Sy: T , ai Nl |

node. 7. The S/ U %%ﬁ&te%g rglgtxéi;’ﬁép lpf oﬁ) %il\rllfc %iém'"%, aﬁgpr el é\r?gsigtll%ﬁlé%morl}rgl | er
is operative to sthaC4bup, C4th& dnd Qiccis harteqhiedd) aeshidwen if-Higirer7bace in the NT
node and to start up the S-interface before the U-interface in the LT node.

8. The S/ U capyerter ag mére deniled, rich-khing embodiiBéeiof thepi@sdnit igfention|lise of
timng signals is_an S-interface and said second source of timng signals

is a Uinterface.illystrafpbindfiguies 3o and ob, whergdhe CloakNetiyogk Teminatign Moger
conprising a fir u?ﬁ&@ﬁfo i | of: it & faye lﬁ:![?]i]

oscil | ator gener :§e|l;h%q§p‘§te er engeﬁfsq’ﬁl%%ﬁ( % dﬁg c}gcghgjt“lbrlréleﬁranm nég;gmse
oscillator, said sigeabn®0br&eFOuthilsg, deeithaingr osgtlatoratli80gashildl,t phased

timng signal. 10. The S/ U con ter,as set forth in claimpg, erei.n said
sync circuit pr pleBl%"gl 19_8? (LQJP Lﬁ} ﬁ‘\grﬂ%ﬂléﬁ%h‘%ﬂm_ﬁ 5Qa49> %‘%g&ﬁ@rwﬂlt%f‘%
interface circui tsigr_i'hlss%,%@Hﬁded@ﬂﬁxef'lﬁﬁﬂiwaa_ré(;jl.ﬁﬁbe\“%ﬁlﬁ%gaetﬁixg?ﬁé‘ g}%déshg%ﬁ

subscri ber network I nterfa e circuit in sai second_ .
converter as set Tha hdrdwareghmiper ¢onfigueations nxayi bt pxowidedias uvariety of keown

conprises a phase | o d Joop.responsive.tp said first tining sign to
v e sard secIFEblR AlseEf dRrge SilsRes B Soyal sytdheSdas WA e 7,
claim1l1, further afmarinthégta | ocal tel ecom bus connecting said subscri ber
network interface circuit and said digital subscriber line interface

circuit. 13.14Tpe S/U cpnviefeftd 2mbo@imdn®thdhariwatedufpdeoni3tfions sl | ocal
tel ecom bus conpri ses a
the clock synchronization by selecting appropriate firmware in the micro-
controller 80 and signal path. Upon reading the hardware jumper
configurations, the firmware decides whether to configure the DSLIC 210 and
the SNIC 120 circuits as NT or LT mode. The direction of clock
synchronization for the converter 50 is determined by controlling the direction
of the signal flow of a bi-directional buffer (not shown) in the Sync Circuit

170, in response to the jumper setting NT/LT input signal 70.

[42] As illustrated in Figures 5a and 5b, the selection of the NT/LT mode
for the ISDN S/U converter 50 is initialized by inputting a High or Low signal
NT/LT'input voltage 70 to the Micro-controller 80, DSLIC 210, and the Sync

Circuit 170, using the jumper link selection.

[43] The Micro-controller 80 provides the necessary control required by the

various circuits via the Control Bus 90, as illustrated in figures 5a and 5b.



first and a second bus) each for carrying frame sync information.1 %4 Pé
communi cations network conprising: an I SDN switch; a nultipl exes; réi 2002
dual nodew ksgsyverter, disposed between said | SDN sw tcpcmgoﬁajogz

mul ti pl exes and 5 being sel ectably switched between a first node and a
second node, said S/ U converter conprising: r 14 ~ g APR 2~t1~ WO

02/ 084983 PCT/ SGO1/ 00062 a subscri ber network interface circuit for

receiving and transmttjng S-type signals utiljzed on 4-wire digital
connections, said dfFugheULSHELH @Wﬁ@tmf@w Niistreantitier BiegisaPeatding tenat

s responsive to 1 agelid o MRS Sendfoof Iy SameHBSBNDET0 Loy

Interface circuit receiving and transmtting type signals utilized on
2-wire digital conimeaficer?20. sor (NE imodeli the Ebimperfase 280as fiest antivatalibefereothe

timng signals that .is res siye to received U-t signal s; nc
circuit, connect edgﬂB %P@;ilagémﬁqqrb‘ér’nﬁl_é‘i%?‘%gﬁ?f_ttégfﬁi? féﬁ‘? i&ﬂm‘é"nd
'said digital SUbSCUpGﬂE‘Cddh%?hb N’ﬁ[lfg%f‘g%aﬁhPﬁMd, tRII 261 cBAr ORS8O Botss e

first node and a second no I n said Tirst node, said sync circuit
receives a first tfimwgresiofimare i @ncasddnge fwitls thes seleeted ahodei nBygwsy gpfathe and

In response to sai@ first, sogrce tim ng signal s.generates_and ovi des a
second timng si gngonir%ll ?éﬁsdg{)fi .e[ é\mcg‘%ﬁost@%ﬂﬁ'ér%ol i"ﬂﬁéﬁ% el _c°88;5‘§?f8§n € and
in said second nodgperatdddl Siéte 6f ftle!ISNICr 020 degistor tdithél skiebicdImdi& ! theo
said digital subscriber line interface circuit; and a contraoller operative

to deternmine the neenveger 3heBy3ieyof therSHICH120arid the locabtelagomchus\IS0i16h e
sai d ciroui ts. —_Infe TG SRITYO: Rkl ARSHICLIRLN: RS S SpelBIchlY hibae! b b 14

wherein each of sald sync Circuit, said subscri net ace
circuit) said digi DSLICQIb6eegisiartolthaseldcteidanddecst the camvetterafd sai d control | er

are responsive to a NI/LT selection signal to provide operation in said

first nmode or[4@i d secoptsoHivn # figlres 5a04HdUSH,Cthki SNEC 120 \W6Wd&@s bt thkor th
in claim214, wherein said sync circuit conprises a selectable junper for
swi t chi ng bet ween BhysiFal ppd funetieral dpfarfacs @ the dPN swhergibey psinggn existing 4-

communi ¢t ons_ net Yeleificotnd SRIE 120 S Rplirkhyed' B SCl APtk BURSARL B

network interface circuit, sald ital subscri ine inter e Circuit
and sai d sync ci r chedessshpfumctonsanguiredhasuppoeichpBdntecfacs 1008 110 eluding, line

cellocts a first anBOLSEHONoRHyELE: Bis BPTHRol For ST RN Ao Fembo el

responsive to oper g 8hoPflinfitd%oS i'erms of Mitel MT8930 or equivalent chipset. The
Sync Circuit 170 selects the mode of operation for the SNIC 120 by setting the
CK/NT input 130 to either a 4.096 MHz clock signal 180 for the LT mode or a
High Voltage input (VDD) for the NT mode.

[45] The DSLIC 210 provides both the physical and functional interface {o
the ISDN subscriber using an existing 2-wire circuit, as shown in Figures Sa
and 5b. The DSLIC 210 is implemented by a chipset which performs all
necessary functions required to support the U-interface 220 including, line
activation/deactivation, line training, echo cancellation, CRC check, data
packaging, etc. Such a DSLIC can be realized, but is not limited to, in terms
of a Mitel MT8910 or equivalent chipset. Mode configuration of the DSLIC
210 is selected by Micro-controller 80. Upon reading the NT/LT 70 input
signal, the Micro-controller 80 writes to the SNIC 120 register via Control Bus
90, which in turn configures the DSLIC 210 to LT or NT mode via the Tx/Rx
Telecom Bus 160, 161,



circuit in a first mode or second mode, respectively. 19. Th8 APR 2002
conmmuni cations network as set forth in claim 14, wherein said first source
of tim RPookAs@ES IS an S-interface and said second sour ceeREGHINNY
signals is a U-interface. 20. The conmunications network as set forth in
claim 14, wherein said first node is a LT node and said second nbde is an
NT node. 15 ~ 8 APR 2002 WO 02/ 084983 PCT/ S@1/ 00062 21. The

comruni cati ons network as set forth in_claim 20, wherein said co ftﬁégller is

operative td4@kart up ’Eh?eh@]ltﬁ’?mé’é‘élé%f leproKidessaj Gopumen, dafa tingigE BT npde
and to start up tygycin!thil HSIIED 10 e s 320%?%@6@&% LRGD-dnd'BEgr 22

The communi cations network as set ai m Grther conprising a
first free runni rgnwslciigial oSychsabub dmrtzetre&lu@d butrisnnglimsted Ité, at Mite] ST-

ti f | d d illat id
decond f1ee r unnibis BIOM-PREor g e ARl SHHPRG 1 ming si gnal | 23, The
t t k t_f th | t
ot deg ! 33?1d”$ef“2£ e a0 et L1 Osgakes Shadeation BF et HoPfertons boveger
circuit in said f Easlegvgg s%{e@ue%%&ﬁuyﬁiomg@ﬂag iphtelo%ﬁ ul&&cs%n@

net wor k |nterfac circ in said secon e conmuni cati o
network as set f @itduiti WOCbcsmphefbé theviseleation sfithe NTﬂd“ ciadeufor theu IS]DHr S/U

conpri ses a phase | ocke respo ive t ot nal

provi de said secc‘}ﬁﬂv"lr?eﬁgﬁ g““ﬁ‘l aéﬁﬁiﬁg gfheaﬁsypg,é °¥1‘§‘°§et
forth in claim 14y, Ilh'écttﬂaﬁrof%%'&lrﬂ&h'f& zﬁﬂw&naﬂﬁt@@@ﬂmwmtpowssal d
subscri ber network interface circuit and said digital subscriber |ine

i nterface circuitFOb2¥. 150h6a@chmhmct¢<mai buffemint regponsety thetNTAM inputh7Q| B m 25,

car yi ng (1 ame. SOHRE o Rk SPi CIaRt O, sispisnies 30, ApREGEE ity < BRE" g U

converter conpri gi4yJS 146ceThy S‘)ﬁ'nca(Dﬁcdxtf Hmsmavvs 1G] s&rtal/?@th&h@@ﬁbrﬁoﬂtmimged on

4-wire digital connéections an subscri network interface circuit) sal d
circuit conprisi mignalsiG4bss, §6bﬂéé48fan¢ Fﬂbﬁg F@bgwéﬁg te ghangedn pecopdanse { t
received S-type %ﬁ@g@lk&%d ﬁu{dgco?'o lePidioft ¥dr {t 56 %%ys%c%x 70
utilized on 2-wire digital connections on a subscri’ber ne

interface circui talsosallotvscthe input optisrpof thieENIL’ sdab(bﬁ?&/lsl&“urmepmfto be mthg a
signals that is responsjve recei yved U-type si aI . operati nc
circuit between JdEeduapBgct b%bp'ﬁ% PXR?EI@‘M&SP 'Lrs%que ggﬁ ?‘/lbl t al
subscriber line iaigrd AChe NT tidde. [UpoR rfehdlﬁé m@ﬁ?/mﬂ@rgﬁmnmsmf 76 he B¢ ng

signal fromsaid first source 10 of ‘timng Signals is Teceived ’and a second
timng signal is Grugut?edlects thaNI/HT gradsl indhhSNIC 330 by inputting one of two

different signals to CK/NT input 130, one input being a 4.096 MHz signal for
the LT mode and the other input being a high voltage signal for the NT mode.
In addition, the Sync Circuit 170 also allows the input option of the DSLIC’s
210 Osc 200 pin to be either a 10.24 MHz signal derived from the timing
signal C4b_S 140 in the LT mode or a free running 10.24 MHz clock signal
181 in the NT mode.

[48] Figure 5a illustrates a preferred embodiment of the S/U interface
converter in the LT mode. The S-interface 110, 110 is closer to the network
and the U-interface 220 is closer to the TEs. The U-interface 220 is therefore
synchronized to the S-interface 100, 110 to maintain data transmission
integrity. In LT mode, timing is sourced from the S-interface signals 100 and
supplied to the U-interface 220. To achieve synchronization in the LT mode,

a signal generated by the Sync Circuit’s 170 free running clock 180, which

10



line interface circuit, and in a second node wherein a third ii mm éh&nal
is provided to said digital subscriber line interface circuit~,8a L i a
APR 2~~2 84983 PCT/ SGO1/ OOOX operating a control rm ne
t he node &%@aéc%nverter and control the activation of salbg&/glbrglc/@ﬁ% 28.
The met hod as defined in claim27, further conprising selecting a NT/LT
signal, wherein the operation in said first node or said second nbde to

each of said sync circuit, said subscriber netwdrk interface ¢ircuit, said
di gital subscriber Maymg WHEBE S A0 Vel 5 mhégm%%wéﬂ?gm the GKpeT i ve
to the said NI/LT ganpdo e ﬁEQ%@%‘%clf‘%irgﬂﬁfi%e&ﬁég | Alefrérlce dISHK R
conprising selecti né’ a direction o ow tor clock synchronization by said
sync circuit. 30. fHeeSNEI'$1020 dstentef phesetlooked lleopr(PA4,) (hot shvavn)c ohipr SNIG'y

i tchi bet id fi d d i d d h i it.
31 The Mechod as. b0) FHEBH B PHrs R TR GBI S e Y S et 00 45 0p§
mode, and sai d secpfit) e @ehctatiNind Beitis S S0 MBS 280 dehé SREC 1RO

Iy
claim 27, further conprising operating said controller,“wherein said method
for operating conpeutpats the mmingosigraly CAniS 140 andgFQbn & 130ita the SynecCivaiol .t he

Sinterface in the d nd. .nitiating.th I, nt.erf.ace re th
U-interface in theTH%dz?&ﬁleléf‘Fé ‘M’ﬁg%g%?i @gf—ané) °n1€?%m§ﬁnﬁf WF'E'her
conpri si ng gener at kyjglids tHRIBEIRN ¢ate SighaPlo the DIIFCSYINCvig ithe Ok irptl 20@Nghat i ng

said third timng signal in %lﬁg sync circuit. 34. The nethod as defined in
claim33, further Bbgp}?%icwg bmpqai/nwdnglgaiSdnc?teh@ﬂtéﬁcté, 4n gamns ©of thej Bexas

subscri ber networKq] LhRCRIF4fcdols AN SH j eaand j thngqa
hi gh vol tage si gna}dsp’g&seéflgd%sﬁl?t#scr |O%g}rs" ne??/\’ig)rpslﬁ“z{:e??gcé&gi roclzlﬁll%tltlg i tlrlllgsgi d
second node. 35. Thynchriniwed tiasingl sighaladl therU-dntaifmoeZ20. sai d sync circuit
further conprising inputting said first timng signal into a phase | ocked

| oop and prodp@gng. sai dFipRe0 38 Blugifats adfrefchiee dmbdidsledsofiehd SAU inferfacai M
27, wherein said first source of timng signals is an Sinterface and said
second source of tFeRVEHekingthaNT mode. The A{-aterface 229 igplosgx tegthe yatwerk and

managi ng a communi Gatd t\ar i t t - [ .
controller, |SDN S\&m%t%ﬁﬂérg% 1%11593%1%’3?‘, t%stg%: g%%'/ Lﬁ@g&%ﬁ%g@gg%ﬁ |
met hod for receivi thg conderteraffsizi rhaintagned-tyy pechrogiriigs thet S-irterfate o004 110 nte

digital connectiong op a subscyriber network interface circuit, said circuit
conprising a first a‘foﬁr“é‘&“ € 1429 nd °s PYHSYEs synehfonization, é‘?pgﬁg‘? \fé’r"c“bt 116
received S-type si gpaligs a kigh input signal 180 to the SNIC 120 via the CK/NT input 130 and

a free running 10.24 MHz clock signal 181 to the Osc input 200 of the DSLIC

210. The signal provided by the free running 10.24 MHz clock 181 serves as

. for
ing a

a reference clock for the DSLIC’s 210 internal PLL (not shown). Timing for
the converter 50 is sourced from U-interface signals 220 by the DSLIC 210.
The DSLIC 210 then outputs the U-interface timing signals C4b_U 140 and
FOb_U 150 to the SNIC 120. The SNIC 120 then outputs the synchronized U-
interface timing signals to the S-interface 100, 110.

[50] The previous description of the preferred embodiments is provided to
enable a person skilled in the art to make or use the present invention.
Moreover, various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein
may be applied to other embodiments without the use of inventive faculty.

Therefore, the present invention is not intended to be limited to the
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first node, and providing a third timng signal to said digital subscriber

line interface circuit while in said second node. 38. The nethod defined in

claim 37 further conprising operating a controller to determ ne the node of

t he converter and control the activation of said circuits. 18 . A
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"s10%z& () -@zubsehibgr_@twork interface circuit for receiving and transmitting S-type signals
utilized on 4-wire digital connections, said circuit comprising a first source of timing signals that
is responsive to received S-type signals;

5 a digital subscriber line interface circuit for receiving and transmitting U-type signals
utilized on 2-wire digital connections, said circuit comprising a spcond source of timing signals
that is responsive to received U-type signals;

a sync circuit, connected between said subscriber network interface circuit and said

digital subscriber line interface circuit and being operable in a first mode and a second mode, in

10  said first mode, said sync circuit receives a first timing signal from said first source of timing

signals and in response to said first source timing signal's generates and provides a second timing

signal to said digital subscriber line interface circuit, and in said second mode, said sync circuit
provides a third timing signal to said digital subscriber line interface circuit;

and a controller operative to determine the mode of the converter and control the

15  activation of said circuits.

2. The S/U converter as set forth in claim 1, wherein each of said sync circuit, said
subscriber network interface circuit, said digital subscriber line interface circuit and said
controller are responsive to a NT/LT selection signal to provide operation in said first mode or

said second mode.

3, The S/U converter as set forth in claim 1, wherein said sync circuit comprises a

selectable jumper for switching between said first mode and said second mode.

4, The S/U converter as set forth in claim 1, wherein said subscriber network interface
circuit, said digital subscriber line interface circuit and said sync circuit share a common

hardware platform,

5. The S/U converter as set forth in claim 1, wherein said sync circuit selects a first and a
second direction of flow for clock synchronization responsive to operation of said sync circuit in

a first mode or second mode, respectively.
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8. The S/U converter as set forth in claim 1, wherein said first source of timing signals is an

S-interface and said second source of timing signals is a U-interface.

9. The S/U converter as set forth in claim 1, further comprising a first free running
oscillator, said first free running oscillator generating a reference signal and a second free

running oscillator, said second free running oscillator generating said third timing signal,

10.  The S/U converter as set forth in claim 9, wherein said sync circuit provides said
reference signal to said subscriber network interface circuit in said first mode and a high voltage

signal to said subscriber network interface circuit in said second mode.

11. The S/U converter as set forth in claim 1, wherein said sync circuit further comprises a

phase locked loop responsive to said first timing signal to provide said second timing signal.

12. The S/U converter as set forth in claim 1, further comprising a local telecom bus
connecting said subscriber network interface circuit and said digital subscriber line interface

circuit.

13. The S/U converter as set forth in claim 12, wherein said local telecom bus comprises a

first and a second bus, each for carrying frame sync information.

14. A communications network comprising:
an ISDN switch;
a multiplexer; and
a dual mode S/U converter, disposed between said ISDN switch and said multiplexer and
5 being selectably switched between a first mode and a second mode, said S/U converter

comprising;
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that is responsive to received U-type signals;
a sync circuit, connected between said subscriber network interface circuit and said
digital subscriber line interface circuit and being operable in a first mode and a second mode, in
15  said first mode, said sync circuit receives a first timing signal from said first source of timing
signals and in response to said first source timing signals generates and provides a second timing
signal to said digital subscriber line interface circuit, and in said second mode, said sync circuit
provides a third timing signal to said digital subscriber line interface circuit;
and a controller operative to détermine the mode of the converter and control the

20 activation of said circuits.

15.  The communications network as set forth in claim 14, wherein each of said sync circuit,
said subscriber network interface circuit, said digital subscriber line interface circuit and said
controller are responsive to a NT/LT selection signal to provide operation in said first mode or

said second mode.

16.  The communications network as set forth in claim 14, wherein said sync circuit

comprises a selectable jumper for switching between said first mode and said second mode.

17.  The communications network as set forth in claim 14, wherein said subscriber network
interface circuit, said digital subscriber line interface circuit and said sync circuit share a

common hardware platform.

18. The communications network as set forth in claim 14, wherein said sync circuit selects a
first and second direction of flow for clock synchronization responsive to operation of said sync

circuit in a first mode or second mode, respectively.

19. The communications network as set forth in claim 14, wherein said first source of timing

signals is an S-interface and said second source of timing signals is a U-interface.

20. The communications network as set forth in claim 14, wherein said first mode is a LT

mode and said second mode is an NT mode.
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23.  The communications network as set forth in claim 22, wherein said sync circuit provides
said reference signal to said subscriber network interface circuit in said first mode and a high

voltage signal to said subscriber network interface circuit in said second mode.

24, The communications network as set forth in claim 14, wherein said sync circuit further
comprises a phase locked loop responsive to said first timing signal to provide said second

timing signal.

25,  The communications network as set forth in claim 14, further comprising a local telecom
bus connecting said subscriber network interface circuit and said digital subscriber line interface

circuit.

26. The communications network as set forth in claim 25, wherein said local telecom bus

comprises a first and a second bus, each for carrying frame sync information.

27. A method of operating a dual mode S/U converter comprising:

receiving and transmitting S-type signals utilized on 4-wire digital connections on a
subscriber network interface circuit, said circuit comprising a first source of timing signals that
is responsive to received S-type signals;

5 receiving and transmitting U-type signals utilized on 2-wire digital connections on a
digital subscriber line interface circuit, said circuit comprising a second source of timing signals
that is responsive to received U-type signals;

operating a sync circuit between said subscriber network interface circuit and said digital

subscriber line interface circuit in a first mode wherein a first timing signal from said first source

10 of timing signals is received and a second timing signal is outputted to said digital subscriber
line interface circuit, and in a second mode wherein a third timing signal is provided to said

digital subscriber line interface circuit; and
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29.  The method as defined in claim 27, further comprising selecting a direction of flow for

clock synchronization by said sync circuit.

30. The method as defined in claim 27, further comprising switching between said first mode

and said second mode by the sync circuit.

31.  The method as defined in claim 27, wherein said first mode is an LT mode, and said

second mode is an NT mode.

32.  The method as defined in claim 27, further comprising operating said controller, wherein
said method for operating comprises a method for initiating the U-interface before the S-

interface in the NT mode and initiating the Sinterface before the U-interface in the LT mode.

33.  The method as defined in claim 27, further comprising generating a reference signal in

the sync circuit and generating said third timing signal in the sync circuit.

34,  The method as defined in claim 33, further comprising inputting said reference signal to
said subscriber network interface circuit in said first mode and inputting a high voltage signal to

said subscriber network interface circuit in said second mode.

35.  The method as defined in claim 27, said sync circuit further comprising inputting said

first timing signal into a phase locked loop and producing said second signal.

36. The method as defined in claim 27, wherein said first source of timing signals is an S-

interface and said second source of timing signals is a U-interface.

s 37. A method of managing a communications network having at least one duval mode S/U
controller, ISDN switch, and multiplexer, said S/U converter comprising a method for

receiving and transmitting S-type signals utilized on 4-wire digital connections on a

subscriber network interface circuit, said circuit comprising a first source of timing signals that

5  isresponsive to received S-type signals;
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mode, generatmg and providing a second timing signal to said digital subscriber line interface
circuit while in said first mode, and providing a third timing signal to said digital subscriber line

interface circuit while in said second mode.

38.  The method defined in claim 37 further comprising operating a controller to determine

the mode of the converter and control the activation of said circuits.
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