REPEATFER: APPARATUS HAVI NG | SOLATION CIRCUI T Thi's invention
generally relates to a repeater apparatus for repeating data on a PE

communi cati on network, and nmore particularly, to a repeater apparatys
having a circuit for electrically isolating a link of the communication
network, a protection circuit for protecting the link from overvoltage
conditions and a controller for perform ng apparatus self-test operations
and a test of the link to which the apparatus i s connected. _
BACKGROUND OF THE | NVENTI ON Wiere a |ink of a conmunication
network such as a powers multi-drop (PVMD) trunk or a |ocal area network
(LAN), which are RS 485 comruni cation networks, enters or exits a building
or section of a building, it is desirable to electrically isolate the
section of the link that leads into the building. This is so that the

equi pnment with which the communication link is connected is protected from
transi ent overvoltage conditions that nay devel op along that |ink and cause
darmage to the equipnent. In addition, electrical isolation also provides
signal level protection so that undesirable signal distortions or noises
produced in the conmuni cati on network are prevented from propagating into
the link that enters the building.

2 It is known to enploy repeater apparatus having
opto-isolators for providing

REPEATER APPARATUS HAVING ISOLATION CIRCUIT

This invention generally relates to a repeater apparatus for repeating data on
a communication network, and more particularly, to a repeater apparatus having a circuit for
electrically isolating a link of the communication network, a protection circuit for protecting
the link from overvoltage conditions and a controller for performing apparatus self-test

operations and a test of the link to which the apparatus is connected.

BACKGROUND OF THE INVENTION

Where a link of a communication network such as a powers multi-drop (PMD)
trunk or a local area network (LAN), which are RS 485 communication networks, enters or
eXits a building or section of a building, it is desirable to electrically isolate the section of the
link that leads into the building. This is so that the equipment with which the communication
link is connected is protected from transient overvoltage conditions that may develop along
that link and cause damage to the equipment. In addition, electrical isolation also provides
signal level protection so that undesirable signal distortions or noises produced in the

communication network are prevented from propagating into the link that enters the building.



electrical isolation and a data driven eontrol circuit for providing data

direction control. However, on l|larger trunk systens, the conventi onal
repeaters typically produce distortions which, when coupled with the
distortions fromthe network, can cause gommunication errors. In addition,

conventional repeaters that have conpetitively priced conponents for a
control circuit are normally only capabl e of operating at speeds from about
1200 to 57600 bits per second (bps). The conpetitively priced control
circuits also have a slow turnaround time when switching froma data
transmt node to a rleidinoeymodanpldy rdpegier pppared bavingepto-isplaseratier prosiding
are not capabl e of operating without producin ignifij cané errors. The
repeat ers elegtricebisolationandr gqfeﬂryse&egﬂahaﬂﬁhﬁ&?m gwiding datp drl‘ﬁ?FH%ﬁ‘ GORwo!L-

ti d ist, but th di sad t . i .
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not et LAGNCHehBORIAL AR ineNidiaiiRhe LB hE bbovadk Sk 04ise BomRfudication etrord or

comuni cat i on ring that enters a building. Another disadvantage of sone
of the conypaddigssicofemeatslrepdaters that haviespmpetitively maited cenipouents fiafiactontrol

t roubl eshooti ng nmeasures for thensel ves or for thg_ co nig@ti on7cdgi es to
whi ch t heycirewt arsmeseally onky capable of pperating phspeeds fTp uF LEY o 00 bitsmer
conmuni cation I|.ine i.t hout errars. . < [ , j
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anount of drstortions: Anot her object is to provide an

i mproved regRRates aRBPAtaidicaplible oft dperatiny withioat preelugingnsigpificsnty errors. The
conponents that are capable of transferring data at a high rate of at |east
115. 2K bps repedtersthat cpefats at higherspeads énd thas hayeenTastiumagoung tirae 4o g%ish bRbthsY ve
node. . Yet ot her object .is to provide an inproved repeater
appar at us W SiFadHsRtageRYs ‘?macﬁ?étr?)éﬁﬁeﬁﬂge'prot ection requirenents for

protecting a commni Gt} anvlénﬁ%n&lhgtflaﬁ% @laPha il vefvdlttigk Pdtsetion circuits do not

3 S anot her object i's to provide an inproved repeater

appar at us Raad gk S8k UndeBerite£afaBotatdry (UL proweti@r rdguiraments dpecormnmanatation
t her eof . A further object is to provide an inproved repeater
appar at us fwiting élsdtientprs fbuildingmémother disadvantege of spmecef the conventippalrepeaters
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and ot her cone app upon re oW ng
the communication lines without errors.

Accordingly, one object of this invention is to provide an improved repeater
apparatus for isolating a link of a communication network without producing unacceptable
amount of distortions. -

Another object is to provide an improved repeater apparatus that utilizes
relatively inexpensive components that are capable of transferring data at a high rate of at
least 115.2K bps and have a fast turnaround time when switching to a data receive mode.

Yet another object is to provide an improved repeater apparatus which meets
the UL overvoltage protection requirements for protecting a communication link that enters

into a building.



detai |l ed description of the present invention, while referring to the
attached draw ngs, in which: FIGURE 1 is a bl ock diagram
general ly depicting one enbodi nent of the present invention;

FIG 2 is an electrical schematic diagr agn depi cting one enbodi ment of a
portion of the present invention and particularly illustrating circuitry
for a first trunk; FIG 3 is an electrical schematic diagram
depi cting one enbodi ment of a portion of the present invention and
particularly illustrating an optical isolation circuit; FI G
4 is an electrical <SStilbarstther objeryisamprieyide an mypmved eerivotér apparatus havingeelfi on
of the present invention and _particularly illustrating circuitry for a
second t r UtgR: capabilities for determining propes opRratOBRSIERL| schenati ¢ di agram

depi cting one enbodi t,of .a _portion.f t:he pr i Nt -
particularly illust r‘gﬁ‘]’fffaerc?bﬁ%cﬁili goypr?’ glrd%:fl 16 ‘Il)t“r"é‘fift:?a %at%{%gag%atu;%fowgtmg the
FIG 6 1S afhnehaflibhfne %5 WAEN it & dlizdgéqm depi cting one embodi rent of a
portion of the present invention and particularly illustrating circuitry
for a sw tching deviS:ll fintheeslgectds tocprovide andmipradied a¢peater apparatus incorporating G,
7 is atable illustrating the functions of one enbodi ment of the present

i nvent i on alhof therabexerdesiradohieats in » ARglrunitery deEee-of the switching device
of FIG 6; 4

FIG 8 is an electrical schematic diagram depicting one enbodi nent of a
portion of the WDFS‘CM‘P‘T?O%P‘T%E’SEWER!ABWWS|0¥8THEUDRAWINGSI try
for a main power supply unit and an 1sol ated power supply unit; and

FIG 9 is a block diHgsanndaikeradbjycts eyilldiecomeaapparens ngemecrdirig thecfolldwing ng
a PING PONG test in accordance with the present invention. ) .
SUMVARY OFdersited Sraenption of the present inventiphe While geferring {athe; atfached drawingseim
repeat er apg;%ai_lat us including a circuit for electrically isolating and

prot ecti ng¥a&9% nk of a communi cation network that enters a building from
overvol tage conditi i . i ; B

the comunication (r?glt%}m l\?\nﬂtﬂ?gocghe %uﬁgizﬂr?g Eri\?‘;slai@é\%/g%fie@ﬁaal so?@ftﬂ%
transfers téntahvdhitidh; r at es i ncludi ng 115. 2K bps and 230. 4K bps.

Addi tionally, the present invention also conducts self-testing and testing
of the communi cati orFIG.riis an ahectrical schematic diegvaen depistipg e gmbodimenitafon
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of the present invention Is )
portion of the present invention and particularly illustrating an optical isolation circuit;

=4

FIG. 4 is an electrical schematic diagram depicting one embodiment of a
portion of the present invention and particularly illustrating circuitry for a second _trunk;

FIG. 5 is an electrical schematic diagram depicting one embodiment of a
portion of the present invention and particularly illustrating circuitry for a controlling circuit;

FIG. 6 is an electrical schematic diagram depicting one embodiment of a
portion of the present invention and particularly illustrating circuitry for a switching device,
a reset circuit, and indicators;

FIG. 7 is a table illustrating the functions of one embodiment of the present

invention and corresponding positions of switches of the switching device of FIG. 6;



conponents for acconplishing these features are arranged to be a single
unitary device. Broadly stated, the repeater apparatus of the
present invention includes a first trunk circuit for receiving and sendi ng
data input fromand to a first section of the communication link and a
second trunk circuit for receiving and sénding data input fromand to a
second section of the comrunication link. An isolating circuit is connected
to the first trunk circuit for electrically isolating the first section
fromthe second section. For protecting against an overvoltage condition
from the conmuni cat i BYG.n@tsven lejectriqat sthematisndisgnaguidepiceng pae sribodiment of a
connected to the first and second trunk circuits. A caontr.oller transfer

data from PRRIoR;of dhe RreseRkingFRtonand paricHiarly dMURTAURE GRRUIEY fons maingower SurplY he
second trupkGi is 1 :f. circuit.

5 ﬂ}-}n%hfi%ﬂ1%0%&3%%%)}%3{&1{3%01&51%& of the present invention, the
control I er includes FIG.Stis adldtk dig@nGenéRUSidepictihg AN AfahféhentTof Edtidusting
such as a wuniversal asynchronous Treceiver/transmtters (UART) which
recei ve fi aPINGaPONG test ilaccordance withithe pieseniinventine. control | er detects
comuni cation errors such as framng errors and overrun errors in the first
data, transmts the first data to the second trunk circuit in the absence

of detecting comrunication er @WI% 6&_0% tﬂqﬁ,—é data if conmuni cation
errors are det ect e_d. The contéro er gﬁso_ re%el veswzgcszlgnd data fromthe -
second trunk circui t ThélpteReitSin¢Qiivn telabds t8 RpeRESappardtis irkcheding adidcait for
transmts the second data to the first trunk circuit in the absence of

det ecti ng eleotricaily &#blating @nd pradecting adinkppd atchmnumecation sietwork fthat enters building
errors are detected, Then the controller outputs oper at'gé)n status signals.
The cont r offoB} OXPEWItAgS garEiLoRs, tWhish may damage SAMEPmeah thatarg  coppgcted to the

indicating the end.of the first an cond, dat Lr .tted the first
and secondcBERRYEr e paent il BF PulifFe, TrETRRarbb A M B Ala pllieh et
this erfbod'n[zﬁmi & 918 20VbhCAHABOMR B8, WAdithHaAG! thePréseht AREMHiSH bRE cdR@Rds Of
t he contro} er ?%?l?rzﬁﬁﬁ‘{%’gjﬁé’?’% FAxstlandal1 geco%é o?ata frcl)m a plcér ality
of speeds. self-testing and testingof thel ¢ommanicetiore ithe do venth df ist dtached: s &he present

invention, the switching device sw tches the repeater apparatus between a
nor mal nodinvgntion fugher 'gﬁmmé%ﬁlegm ek atmesspggand generpisa rast yiihsial signakter
devi ce or a}}d(rgerm e %_?V{'Tce and setﬁ_{c?ts an_operati ongl sﬁﬁeed. of the re atﬁar
appar at us PIOTR"E Rt QI ESTUETOR B BFSReSPAGS SrRleted ot 3 TRieLo-RrSSSoRE TS

[ ncludes  bodShorfidyRBIRALIGREC A Sphiticailiivhh@e GF i bieSent hidhtiolSs that the
swi tching device 'sets.the repeater apparatus 1 h the normnal de, the

control | er cémposds fordatEmplishing thesd featiirest drel atrangadctoite 4 singlb @nitagodevider unk
circuit and fromthe second trunk circuit to the first trunk circuit.

However, when the rcPeadbyrstated shenepeaterapparatysipftiepresent ipyapsion ingludes a first
troll d t he . t] . t f.th i t chj devi

Chi's. node. UHR QB B Bheiting sk Aghine el IS e 4 1 R R AF €

sel ected 095];1 uéﬁ fok %ifﬂg %nd;?i‘&cﬁﬁc?ﬁ‘gxg% Eifdalt! %?Féctegv?ﬁgsﬁﬂ&éeﬁain ldataUhbit fiotn LiE

ot her one 0 I'rs second arecelver/transmttef circuits, and
retransm t § 4 fohé séctiddlof the @Mmunication link. An isolating circuit is connected to the first

trunk circuit for electrically isolating the first section from the second section. For protecting
against an overvoltage condition from the communication network, a protection circuit is
operatively connected to the first and second trunk circuits. A controller transfers data from
the first trunk circuit to the second trunk circuit, and from the second trunk circuit to the first

trunk circuit.



6 the other one of the second data receiver/transmtter circuit to the
sel ected one of the first and second data receiver/transmtter circuit.
Further, the controller also generates and transnmts test packets froma
particular one of the first and second receiver/transmtter circuits when a
repeater apparatus is designated as the Baster device to a repeater

appar atus designated as a renote device. The test packet is received

t hrough the same particular one of the first and second data
receiver/transmtter circuits fromthe repeater apparatus desjignated as the
rempte devi ce. Basedinomothee embodinent lof the prsa¢nidaventian, hgsoprodrnineludes first
control |l er outputs qa st at us. nessage

‘ e DETAI LED
DESCRI PTI CRR@F SPrenq Npegivepjansmitter  circuits,  sighn; iy AowPHETRe APARPTREOLS
and particuyl arl /t@“g{"bs igﬁ‘%ﬁﬂ'@hiéﬂ(}%i% ?ﬂrﬁczﬁga AR ARG @i{:ggl@glrgfggt

of a repeal& appara ccordance wit e present invention.

basi ¢ conf L giriter @bte6k chihfunfntée BirbRcheligsframirigrestors andhdvetiunerrioks iAlthe first
connected to a first trunk protection circuit 22, which is electrically

connect ed tataq tfansmits sthetfirond@a tof thet sreopdrtmuml caewibrin| thakabsenasnof detecting
TSt t 1 unRODFGSAIOR £HTOR FELEOPR 114 FGK CA 1 EOBF TR B T o gine: 380
operatively conmnected ' t j | \ At

Frunk. ol r cpRoons ARfepayty Sobhd Shen ot et HoRd KUk cRGUR ctectcobubBAEn,

second trugk RriQtRCdcoRd @dts,tHinbmRd thewaberitl data tothe first timkircie th the absarewid
section 32 of the comunication Iink 26. A second trunk driver/receiver

circuit 34detctingrcatimeliyationrsrsas add tdropsh thessecond datauiflcoprmaenrieatiaaneprscaret

30. The first trunk driver/receiver girgcyit 281? peratively
connect ed detegigdogher the GoaEPURTIYIPULS PREGREOISEAUGHBRHS A NE GPHIQUST BFOPIPIYRSSy

d nt.r ol | 38, Unl ik K | '
Cioui 1 282 FRESBURCOTIEIHoP B0 Fp e b i ofjhe' Bt BRE KT data

directly t@,higidea®y 513%5 ambsecbihd RENESTrRRmIgtedrdulisiredpeeti e g0 Adsd ndRided

driver/receiver circult may alternatively be connected to the isolation
circuit 36imtids émbodiieat is arswidshigideeict fercselecting a transmitting speed of the controller

7 circuit may be connected direct]y to the controller 38, so that the
second t r ufitr wenswirtingdhe figs and seqondidatasiroma plymliky @fispeeds.

In still another embodiment of the present invention, the switching device
switches the repeater apparatus between a normal mode and a test mode, designates the
repeater apparatus as a master device or a remote device and selects an operational speed of
the repeater apparatus from a plurality of speeds. The controller in this embodiment includes
first and second receiver/transmitter circuits. When the switching device sets the repeater
apparatus in the normal mode, the controller transfers data from the first trunk circuit to the
second trunk circuit and from the second trunk circuit to the first trunk circuit. Howéver,
when the repeater apparatus is set in the test mode, the controller determines the operational
status of the switching device. In this mode, the controller also generates and transmits test
data from a selected one of the first and second receiver/transmitter circuits to the other one

of the first and second data receiver/transmitter circuits, and retransmits the test data from



El ectrically connected to.the controller 38, a fault (FAULT) indicator 40
and a basic sanity test (BST) indicator 42 receive signals fromthe
controller 38. Also included in the repeater apparatus 20 and connected to
the controller 38 is a reset circuit 44 and a switching device 45. A main
power supply unit 46 and an isol ated pom%r supply unit 48 supply power to
the present repeater apparatus. The isol ated power supply unit 48 supplies
power to the first trunk circuit 21 and, in part, to the optical isolation
circuit 36. Power to the renai nder of the r.e%eat er aq%Earatu 20 r1tgcl udi ng
the secondtheather aaerof ghesepand dagaregeiier/EAnsatiergircyi o thg selpeted pag,ph the st ap
part of the odptdi(f:§I i sol q{ri on .ﬁi rcuciutt 36 is supplied by the main power
suppl y 46, Second data recetvetirgnSURel GCUihar at i on, data received by the first
trunk circuit 21 is fifgdr iRd cohbiRalsé NRnblatd! add wakisRitO k@t tpaeRetS | frémi &
22 to safeguard agai nst any overvoltage conditions that may arise fromthe
first sect panicithr ohe bfithedirsmandiseamidveceivenfradSmitter cirguitshehere eipeatey aparatoe
data. Then the data is received by the first trunk dri circuit

i \
28 whi ch  iadesigneted a8 shempserclevice 1o AICREEIGT BRIERUSSSIETRIRS % 3 RFIRAE SEVEr AhE
troll 38. The first.t k dEi [ [ ' t
From ai {1 cionmesRers sl Bowh ) SRy Brtugto iy bl o s LoechBCadg ®
the conver E%ii%{ﬁpﬂsﬁxi&é} diR§its G He! pe I & Apardthedeiiraga ad helréhofdevice.
i

circuit 36 provi des electrical isolation for the first trunk circuit
21 and t he Hasé&bn SeciestpacRe récaived, e mester ddviceheontroflenoutputs piséatas messa@eand
the second section 32 of the 1ink 26. Specifically, the

present invention has two operating nodes. The first is a NORVAL node and

the second is a TEST no , j i W%m i ned by the
swi tching device 45.° W@?ﬁ%’%ﬁﬁ%%ﬁgﬁﬁgl s Se pcigpl ace the
repeater apparatus 2@ %ﬁ@‘ﬁﬁa\ﬁ?@ A rlid Mty FIG. Catré & diRfwn3Bblock
checks the data rece?\l}{ggn%mug t he |r§’st ﬁaunk ci};cuit 21 for

comuni cat idedprah 6F éne smbodisndnt afiangpedten appaams Afemr ascortance suithl the present
8 errors are not detected, the data is transmtted out tq the second
trunk circimvengon. The basic oonfigurationiof dhis vxstem drcdudesa fust teunk cizpait 2 jrgommected
serves as both_a recgeiver and.a drjvey. si.m]ar.tQ the irst trunk..
driver/recd? & rstctimrgﬁpqoteggpn FHGHY ékc‘f’fnﬁﬁés 8’I§°{I'°8ﬁ¥ \%Weckr‘il 0 e‘tﬁagset"%n d4f
recei ved fr,

commini cat iﬂg cHﬁﬁ}(lﬁg%&fo%l ﬁrﬁ{]ﬁ%ta%& uﬁﬁ:‘iﬂﬂﬁi neftork{Bot3shown)si8h as the PMD

VI a € secon trunk protection circuit 30. However,
i f comuni GRiv&HR R RELANE Thel ikt sl cirbiiie2 Uaicludes ai firgt ek driven/receiverdirepited
or deleted fromthe repeater and is not transmtted to the second
comruni cat i28ropseivelyt codfectdhto B Tirstrivinkqwotection tiscuiti?hed seporhigundrrrant 2% e
controller 38 at a re?ul ar .interval to indicate t.o a,user that th(.ei0 hich

r epeat er arﬂféﬂ%ﬁtﬂ thexfars guxg?ﬁ;catti%gls GORRESTS pasecond trunk protection circuit 30, whic

in turn is connected to a second section 32 of the communication link 26. A second trunk

driver/receiver circuit 34 is operatively connected to the second trunk protection circuit 30.

The first trunk driver/receiver circuit 28 is operatively connected to an optical
isolation circuit 36, which in turn is operatively connected to a controller 38. Unlike the first
trunk driver/receiver circuit 28, the second trunk driver/receiver circuit 34 is connected
directly to the controller 38. It should be noted that the second trunk driver/receiver circuit

34 may alternatively be connected to the isolation circuit 36 and the first trunk driver/receiver



VWiil e the operation of the present system has thus been generally described
wWth respect to data being received fromthe comunication |ink 26 through
the first trunk circuit 21, the present invention perforns the sane
functions when data is received through the second trunk circuit 29, with
t he above-descri bed sequence occurring id the reverse order. In other
wor ds, data woul d be received by the second trunk circuit 29 and
transmtted to the first trunk circuit 21 by the controller 38.
Accordingly, the second driver/receiver circuit 34 would act as a receiver,
and the fioissuitanaywks ¢anpeeted diretiyrte thetrcorgollgnBasa thatthe serond Gunk grivergecniverer .
In any event, .regardl.esg of the direction of the data flow, the first trunk
circuit 2TEEHE 3%S 19917t section 24 of the communication link 26 are still
electrically isol at qdediflly finbdied 1othe kBSIRPIR! £ APEAGE TPindRaRR Y0141

en evice 45 1s set to

second section 32. the sw tching _

pl ace the #wRAABIty 36 EBST)indator 42 réiveldigala e the kengolldr3sl | Aso fluded
conducts various tests including an ECHO test where bl ocks of test data or
packet s arie themntpeater apparatus2barel cinneeiedtte thekcanitrodler 88 inia deset cictwibdd bypd ahe

other trunk circuit,. a then.sent fromthe her trunk back to the initial
CTunk {1 OHERHERE SRIGCAADa A K BOBES PR Wt J6 ABS AbiSHIFSt PAYEL SIHRDE Ra 48
th hecked i i . i .
EALT 1 i ERplyPopfiite HURRGE Rkl Sphd, TildsdlineBBoudt Sufifly Bt 48 subfifes
Anot her  t ypgyedfo RSfirst Purdk deuR QW ent S8 art] © titesptitabidolation €isduit 36 Power to the

conmmuni cat’i on o 9 | i nk
to whi ch tramajndes efitheappeatertappaiatus@drincluding. the second srunksircuit B8, the gentreler

apparatus 20 is desjgnated either, as a. MASTER device or.a R E device by
the swit cri8dheiesset eirawt 44 ?Bg Paﬂétféh%PPtb%@ksé‘F@ogrcémPFta’réﬁSPPgébf/%r l?yoﬂ\ecﬂ*‘r%mof
the first and seco&%sérrunk circuits 21, 29 of the repeater apparatus 20
desi gnat e PAETHRP ER devi ce and are received by anot her repeater

appar at us 20 desi gnghestnam] loperaBEl ddta 9606ivR. by the! st Riufik @irced 22nBaHsMRAL |
the test packets are transmtted fromthe first trunk circuit 21. The
REMOTE deuthamghhkafirst @unk peotedtiontcirevit 22 to gefegratrd againit any ovbeyolbgETéRdabarisc e.
The MASTER device receives the test packets thro,ugfl“é‘he aneéﬁrunk circuit
that they thetraay avisq fipmythe figsh sertion 24 of SerommmpmeRionlink 40 yrngdhg reeiving of

hey X | 5 ! .
o oat or 18 Yt piten e et teReiyP 5 ASP bl UlVeDRELeRIRP iyt 28 Whldh
mode and tﬁlﬁctT&{%Taéwa%efJaﬁixpeé&f&hE@g}\%T t)ﬁe BOMhiaAA Frdntehe EdrRFoMRE 381N TUE Firsy

asynchronous receiver/transmtters ( (not shown) included therein to
det er m ne thiifk difvtréceivet bizcuic2&convents thg dawifrun tiffenantial R8A86 Uevebsigaals to HC
particul ar UART and produces a "transmt conplete" (TC) interrupt,

On
this si gndFMGS dexadisignals antbsandrthe eenviseted signalsaocthy coatroder 3&wia; the ,opgigal
.. ln . thi - Ly f .ty ' ' ich. U
peceesa Y bl rel 95 nf it B bl Bl bl P
that a m oy Qéc%gx%go&rmé Qe dr AR &g&a&é@gﬁ{au&% &hd e sBERRREHSAPPRbAIHES
20 is of a type that does not have ah I nhefent function for producing the

TC i nterr upik 26. The present invention also perforns a switch

status test in which the BST and . ) . .
: Specifically, the present invention has two operating modes. The first is a

NORMAL mode and the second is a TEST mode, the selection of which is determined by
the switching device 45. When the switching device 45 is set to place the repeater apparatus
20 in the NORMAL mode operation, the controller 38 checks the data received through the

first trunk circuit 21 for communication errors such as framing errors and overrun errors. If



the FAULT indicators 42, 40 are turned ON and OFF to indicate the position
of each switch in the swtching device 45. Mdre particularly, controller
38 will flash the BST indicator 42 the nunber of tinmes corresponding to the
nunerical position of the individual switch in the switching device 45, and
if that switch is in the ON position, th® FAULT indicator 40 will be turned
ON, and if it is in a OFF position, the FAULT indicator 40 will be OFF.
This test is conducted for each switch in the switching device 45.

10 Wil e the foregoing provides a general description of

t he oper at ienrorodretnbedetsated, ¢ dafta istengmistedrout toithe seGasd, trunkCirepit 28 The segondhe
first and the segonld trunk_circuits, él, 29, hh&){ﬂoﬁptic,al i(iol ation circuit
36, the powmmksdpisryecsiver sirawt 34.avhish stmes abRethA 1o5Vasad 3 AfFrRymilapio the

i ndicators 40,, 4 nd t he.swtchi Vi . , i 5 8
whi ch corrprf}r femﬂ%‘e W }E%ﬁe“s% i lt ?g’ nc?‘r E‘ﬁ‘?%‘é'zs. g%fgﬁsm}l\%?d %ﬁgg \%r?%%gecgﬂ%
conponent s ff, HEHHDIIEIMS to the second sectiod B2 IHf e dofmrhigicatjort ink-26viathe bédnd
first trunk circuit 21 and the first trunk protection circuit 22 are shown
in el ectri qalnkgrbrowdr dranitr30uiHowvey i feomBunigatien ¢mers radatected e dats hagiog
which is electrically connected to the first sectjon 24 of

t.he
cormuni cat ithe erork is28ropped oF Aeletadufrom; the srepsatersand, I RO TRStiEd 49 the, second

t enperature coeff.icient (PT Vi . . j ! i he
(roe ¢ uneoprarBEreenrR A 3 BSEimRatdidn i SRREEUN B OFEH HE Ent-er
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maxi mum i ntyrmdlly. vol tage for switching into a high resistance state of 600
V. The resistance range of the PTC devices 56, 58 are from6.0 ohns, t0.12.0

ohns. ihthstapeationof thrpreent gxttrmdiasshus boen geperally desg

tect 60, 62 led.to the PT ' .
o ot ect or s 6 rapecie daeedtify i Som e SpmmiGcRI N A 1idleh E el
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60, 62 switch on a negative resistance region to a | ow on-state

vol t age, t hRe sdapnatruadbinghicay; wéthithd abovenidsmibet sequenbe ocoytringingherenense order.
ground. In the preferred enbodi nent, the on-state voltage i(f appr.oxi mat ely
EpRrIided o the

1.6 V, and Inmsherivorgs, dgtarweeitld berecsivad by thy sesppd HuRp CEaHbAYAD \

ti til th t i i t.ed | . i-Ni_mam.
Pol di ng. curiFaHrR Srsid 2 ghe Rouslt oFs Aseotinsty. HE e Mt it Bihiras
of the PTC xg&Ylidca%? 228 ’r?%?ve"il,%dt tgg fﬁ’s’crcﬂﬁr\xﬁjc Bk freu 98 Wl fi@Stion as the

protection Tfromovervoltage conditions may emanate fromthe first

section 24 dfvet N £ 8V, foahidiets bf the di@ctiamof the dataftow, slid fist trinek ditcuin R igend
test requirenents for UL 1459. . . .
the first section 24 of the communication link 26 are still electrically isolated from the rest

of the repeater apparatus 20 and the second section 32.

When the switching device 45 is set to place the repeater apparatﬁs 20 1in the
TEST mode, the controller 38 conducts various tests including an ECHO test where blocks
of test data or packets are sent out through one of the trunk circuits and received by the other
trunk circuit, and then sent from the other tmnk back to the initial trunk from which the data
blocks originated. The returned data blocks are then checked for any communication.errors,
and if any are detected, the FAULT indicator 40 is turned on for each error detected.

Another type of test, a PING-PONG test, is designed to test the communication



Down stream of the surge protectors 60. 62, a bridge rectifier 64 is
connect ed between nodes 52a, 54a. Across the positive and negative
termnals of the bridge rectifier 64, a uni-polar transzorb 66 is connected
along with uni-polar transzorb 68 and 70 which are connected between the
positive termnal and ground and between % he negative terminal and ground,
respectively. The bridge rectifier 64 and the transzorbs 66, 68, 70 are
provided to neet the UL requirenents of UL 864 for normal node protection.
The input/output lines 52, 54 are further connected to a first
driver/recknkeo whitk tHespresent apparatus e conireptzde dn dhis destyghe cépegter apparatus 20 is

i nput/output lines to the first driver/recei v&r@g nterface 71.w| | be,
denot ed asdesignated sihenasd YIASTHR devcepora REMGTE dayice by heswitchingdsyiserdSd

et (e oo A 55 BT B Tl
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signals to erential RS 485 [evel signals when data is transmt to
t he communiepedtepapparatis 26 desighaRd a53he REMOTE dpvides It thehjtefelvEibembudiment,ghal s
when data is received fromthe communication link. The first interface 71

i s capabl etest PRekets @tm Hransiged £tom the dirstugrnkacrait 2e HisaREMQRE device thery 2,
whi ch | eads _i nt 0..pi,n .2 .0f Jthe fi it i b 1
e 70" antecp it ik s Gocei brck i e TRt Gevice, BUMASIER Eerfdiicasihe) .
iy, ' dat . . : : . . ]
nput / out piset PRI diSuih 8 antc AR cliEh: dfR the; Wure RNy it 304 eferhfed NC
(VL) to thghenest packetstfor ommuhitation prbtso Bimilar to theSECRO tbst descritedabwes thy a

receive line (RX1) |ine 78. A pair of bias resistors 80, 81
are used tBASH:T indicaipnd0 {laghes der, eagh error forndbi as resistor 80 is connected
between the isolate ower, s nit (V nd i nput{ oyt put .l ine
52 and the bias residlé"?‘b‘?v%ﬁgie ﬁ@%ﬁﬁe@?&é aﬁﬁ%&ﬁﬁs?ﬁ%“feﬂﬁaf?'&ﬂl{?a&|f??f8f03§1
and ground,. ' i j ' : _ NSl '

crat e and (T et Snl e o o B A R AR e e
first trunthegdifi €dldéterhdink thetenWIRIEI MNeraster bRin@ belny teahsinitied] c06fla partiBulaNUMRT h
the signal level on the input/output lines 52, 54 is a logic 1.

12 W t hand producesi a'§ranemitsooplad, (1) intesrupt. dDacesthist signad Isreeeived; the TARNI t
21 cannot be guaranteed. |n other . words, tgi i.nput / out BUt tlﬂi nes 52, 54 may
be i ncorr eEn JF _’iﬁ’ﬁ’@ﬁ&‘ﬁP 3G IULECHIYPri§ MPIPSSATY SENRINEAERST, & VB fRehmgroringd; thRe,

| evel | 001 &, OniARREVARTHERES 4 Eilsuflbitol SreBBGis ERELL Dy is"fifbrtahtio' L
data is not being recelved. WO capacltors : are

connect ed i@t ¥aferobfiecesBOLEmMsIBYetis donfroller3 Pindthe Prebetdpparatud 20 W6 typethat

i nput/output |line 54 and ground, respectively, to reduce the rise tinme and
el ect r omagdess ot ihave ph dntenans figiiion fohproducingshe §C intermpgh t he trunk circuit

1. Atermnation switch 84 connegcts a termination.resistor. 86.angd t
paral l el but inverte gpl@%?nvengon also performs a switch status test in-w gh&e é@T and

the FAULT indicators 42, 40 are turned ON and OFF to indicate the position of each switch
in the switching device 45. More particularly, controller 38 will flash the BST indicator 42
the number of times corresponding to the numerical position of the individual switch in the
switching device 45, and if that switch is in the ON position, the FAULT indicator 40 will
be turned ON, and if it is in a OFF position, the FAULT indicator 40 will be OFF. This test

is conducted for each switch in the switching device 45.



88, 90 in series with the resistor 86 across the input/output lines 52, 54
to termnate the signals on the input/output |lines 52, 54 when the repeater
apparatus 20 is connected at the end of the comunication |ink 26.

Turning now to the optical isolation CIFCUIt 36 in FIG 3, it includes
first, second and third opto-isolators 182, 94, 96, each of the type such
as 6N137. The opto- isolators 92, 94, 96 prOV|de signal |evel electrical
isolation for the first section 24 of the conmunication Iink 26, which is
the portion leading into the building. It should be noted that the

opto-i sol ators 92, Yhilegthe fpregemganpades a;gpowaiﬁgn@ven of ghe opergtion of the

i solation, thou this | evel.is  not wreds as ribe abo t he
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when t he \V/ S,
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conbination with the first trunk protection 22. Turni ng now
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required curren rive I nput Dat a rece

RX1 I'ine ¢8nheetdt M whith isaledtrigdlly donfiedted o the ifisst secticik 24 af the mmnumchme
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si gnal netiek Qé,rmpﬁmutpmlnpsuﬁz,l ﬂ@achhawppsrtwéempmqufﬁelepb@m)rd@vmss| s

"The 102 'é‘%récé@%%%'céﬁéxf pcipdedin tne it sk brofefiien Sl 22 TpbP Thodeees 0
connect ed sRety el hiGe BBl QR SHPALIAich ke A6 2daidimna ggame# ne

100, and e source e open caolle

opt o-i sol %9 r@@rre@oﬂ"mcd&%eﬁ)@@'%q{av%% iARinkath| opéePatits vekade &QGOI\‘K ad a

i ndi cat or IS 106 in series with an indicator resistor 106 for providing
vi sual i nchaxahurm 1mérrupteveit@'eefoofsmﬂahmgeom wchigh gmistammetaﬂfsof 60 ¥xahhe e,
the indicator LED 106 w | I be. on when_t he t%{ljgébm I‘CUI in the

SPACI NG s{f‘é’éséancFHéﬂ%ﬁ?féh quk'?”qeéls6i%alplﬁ ‘P}Hnﬂfb 8|h“§2 i s provided

by the main power s Y. \ p

operation, the out p%B&&SHF%g fﬁ}g%é%‘é’ic"is?grs é:?n§1ep sur © :r?teclcrf{}tsgoi %%ut
fromthe E%lcédéﬂé‘d S thd PTC! &8icevB6dss. VKRNt ﬂofsc%reado ot ddiviede wath 4 he
opto-isolator 92 is turned on, the signal to the TRKI1- RX- DATA i ne 100 via
pin 6 of tlhepiys veltapelofitonto 92 vglmes()ndeahc $urgy pratectorteachdstbe clampingl ivoldge) s
turned off, the output on the pin 6 goes high (VH). It shquld be noted,
however , theasﬂlrgmomtqm 60,5629qu chgn thrpugh gmeEative keistange regien fa low en-giate

i nput from

control | e?’og Eﬁ(ffﬁt’y é‘gbg"}ﬁ& ??EP}’{'%;& Kj‘hﬁ%ﬁﬁyﬁ F‘ﬁg’oglz ok ﬁénol t%B?

92. referred embddith 8, Rk etaw SoRspfeOR apRb At AL, erv%d e blabpife

resi stor Elo I's connect
reaction starts within nano seconds. Conduction continues until the current is interrupted or

drops below the minimum holding current of the surge protectors 60, 62. Thus described
arrangement of the PTC devices 56, 58 and the surge protectors 60, 62 provides protection
from overvoltage conditions which may emanate from the first section 24 of the

communication link 26, and also satisfies the UL surge test requirements for UL 1459.



between the main power supply unit (VCCl) 46 and pin 2, while a first trunk
receive/drive enable (TRK1-RX/ TX-ENA) line 112 fromthe controller 38 is
connected to pin 3 to drive the internal diode (not shown) of the second
opto-isolator 94. The output of the second opto- isolator 94 appears on pin
6 and is supplied to both the REL line #¥2 and the DELl line 74 (best seen in
FIG 2) via drive/receive enable relay line 114. A pull-up resistor 116 is
connect ed between the isolated power supply unit (VCC2) 48 and
drive/receive enable relay line 114 to provide a voltage source for the

out put of the secondPepnsirearsohthsrsurge profeciores.Hi2, # bridge rectifier 64 is connected

orovi den DGR FBhr T2, 16, BRE ST B S sSSP Pk WA ot ©
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line 114 and the 'DE1 line 74 a e RE1 Tine 72 controls the ivelrecelve
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as a dri veground, wespecsyebn el hemdgenpetifiercd4mnd the gransaqsbs 66,48, 7 ere pravided 1o

fromthe third opto-isolato e first trunk circuit 21, and when the
output i s™Ft thteﬁ.gfﬁq;gqerr}eﬂgsemg@?orfwaﬁ Bﬁsdéz%mgc{‘%‘bei ver and transmits
the data fromthe fifpd irfp%lygéftpghgﬁ% 42,84 40 ﬂ.?l‘tﬁlf:r?t:o‘Pﬁ'xe(’EtIQ?3 t‘%\n A :’ﬁ?ét driver/receive

opto-isolator 92 via pin irst interface 71. be apparen

to those sisitérfzee 71n(fohtheputpdstedf siaplicioy, tidmphidutpundineEio thefiest dfRrer/fekeiian
be connected to two separate opto-isolators for the enable signals required

for the opintenfacsn’biwillthe denotad an¥pndié even thouginthe REGs 86 a8de58 are serally
Bbera: “hbned SEn/RLAEHILIR S5ty B REHERTS' The SRPCBRLR: ob S
26 and pi nPSTEORS|485, inferFREVER! Bibnafy PRIl L SRAL0 RS SRR DRl

the contr ofrkgss. 3Bisiadaped REeInRet HT OMOS 1&w] digndR tb efféreh @il RS 485l 1vdPsighalt
shown) of the third opto-isolator 96. Simlar to the second opto-isolator

94, the owhputdats istthanstrhiteditoothecconsohmicetion bink Réeand ROM S level, signalstto ¢iC

the TX1 |ine i s, connected. ‘A pull-up_resistor 12Q is ¢onnected hetween
the isol at @Mé@é@fﬁl 8 F)‘}’thﬁﬁ Aatasgsegiye roghthe pRmTicatipy Tink. dde Tt igtertace

vol t age soyyfee t f Lrd _onto-l - T )

supply fory[ ﬁseca%%?lrca & oﬁ%&%‘l o%teﬁa&ggé&llm & gglastg‘t:%?'%}%/?%g%?%’y:‘?flﬁ%e I gﬁ_ﬁ&ads
power suppin¥o piti 2 of theER3t ihfrfal@ 71 A dri ¢ erdbe @Emimcowhﬁqal 184d¥intoSpihBPUL
to pin 4 of the first interface 71 via the TX1 [ine 76 and is driven out to
the first WhenkheDElline 24 cavnies athigh waltaged VaHt datasml adnve dgnal diney(TX13 76Hs
signal to pin 3 of the first interface 7 Referring ngw to

1. [
FIG 4, theuRBCnBIngGANd tiotbainpusiouinnt dingws?, Sthand dwndhe Rix ding Toearriens
:M.S t ?]u bst anltoWAIYag'e ?&ﬂs toctﬁle p}nol,tdga t{'cl)r;l e ﬁmﬁwgutﬁﬁtrlﬁl%'s t52,2§4 8 Qgcvé@véd%ylzal r%ceileé
line (RX1) line 78.

A pair of bias resistors 80, 81 are used to set the bias voltage, where the bias
resistor 80 is connected between the isolated power supply unit (VCC2) 48 and the
input/output line 52 and the bias resistor 81 is connected between the input/output line 54 and
ground. When the first driver/receiver interface 71 is in a receive state and no data is being
received, the bias resistors 80, 81 place the first trunk circuit 21 in a MARKING state or in

an idle condition in which the signal level on the input/output lines 52, 54 is a logic 1.



15 the general difference being that the first trunk circuit 21 is
operatively connected to the controller 38 through an isolation circuit 36,
while the second trunk circuit 29 is operatively connected to the
controller 38 directly. As such, only the features of the second circuit
that are distinguishable fromthe circuilttry of the first trunk circuit 21
wi |l be described in detail. One difference is that the
power supply to the second trunk circuit 29 via a pull-up resistor 122 and
a second driver/receiver interface 124 is provided by .the main power supply

uni t ( VCC1Vitwut shelips rasisteriP, Bhéha sete of dae %mnlsaww’ Ligannof Yogpgran@eds
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i nterface él,ﬁénfmqmﬂmammtrbeidgenecaeed and a second trunk drive enabl e
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dt ted t
oin 4.1 o Exgndan Bltregh U hRa PRl ige ob ard gobBE st i it GRTpRre
i 132, C [ t
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i s recei vegriinatiofi e®itthl 84 cottieclialterniiaatonesibioRBR amdwo pasdli] bl ineerisidioddy ch
is connected to pin 1. Pin 1 of the second interface 124 is a tri-state
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mai n power I%Jgﬂhg chP[nI&lun‘}gati%ﬂ% TRK2- RX- DATA |ine 136 is an indicator

LED 140 in serieés w resistor 142 to provide visual indication of the
state of the TRK2- RXpibg ﬁdxﬂ&olﬁ&o & isdiadickdéiromid 36 BEFIG. IhienAndligessAsseNnd
trunk circuit 29 is in the SPACI NG state Tur ni ng now to the

cont r ol | ersedd®ndsanditbind dpto-Bolators, 92, 19¢, 86¢achl dfcthe 3ppe such asi N B 7r The opto-,
such as a H8/322 mcro- roce sor d bei H|t Chl of gh Howeyver
16t hosiokors 4 94r 9 §r<<ml e signgleve] gle oz dhe; fizst seationr24of thep| e
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pi n PLCC CifkRpERixbiagats abi ou) %nazrbcz dbraowﬁrewamgto«elrmo Vftisolatidie ¢ sl er
38 conmmuni cat es at a number of vari ous operating speeds incl udi ng 15. 2K

bps and 23evelKs hpsrequirad simief asdescribeatiovesthe ffirdt lvmnk protectioneirc88 22sclarhps thet

contai ns twg
voltage to the ground level when the voltage reaches approximately 60-90 V. The 1500 V

isolation does, however, eliminate transient voltages which reach and appear across the opto-
isolators 92, 94, 96 since the opto-isolators are in series parallel combination with the first
trunk protection 22.

Turning now to the first opto-isolator 92, its internal input diode (not shown)
is connected to pins 2 and 3. The RX1 line 78 from the first driver/receiver interface 71 is
connected to pin 3, and a pull-up resistor 98 is connected between pin 2 and the isolated
power supply unit (VCC1) 48 to supply the required current to drive the internal input diode.

Data received by the RX1 line 78 is output through pin 6 onto a first trunk data receive line



UART circuits, each of which has a transmt data register (TDR) and a
transmt shift register (TSR) (not shown) for transferring data to and from
the first and second trunk circuits 21,29. O her features (not shown) of
the controller 38 include 8K bytes of Read Only Menory (ROM, 256 bytes of
Random Access Menory (RAM and one 16- bikt3 free’ runni ng timer. In the
present invention, the controller 38 is being used in an internal node, and
therefore, the nenory for code execution and RAMis napped to the internal

menory of the controller 38 and external nenor fetches or control signals
are not netERKrEX-DATA) 100, which 133%\»@@6089@1 3failhe ﬁ%‘ﬂé&‘s‘gﬂﬂme?e%#\’tfm

(VCCl) 46, the co er 38 n eret are s 14
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in FIG 6) via a FAULT signal |ine-152. The indicators 40, 42 are adapted
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controlling the receipt and driving of data fromand to the first trunk

circuit 21supgliesa hogh pignald&yH)stopim i of thedopite-isbiliear 9%- ENA | i ne 102 which at
the other end is connected to the first optqg- isolator 92 (best.seen in
FIG 3) for allow nglvmggnastothe sesand ﬁemﬂﬁql%tpr ?4.@pulloyn egistor 310 jsgoppected

d h |
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TX-ENA line 128 which carries the 5|ginal fromthe controller 38 for
cont rol | i ni§olater Hanpgarson pimé and issHprlicd te boththe REL ling 73 and theJREL line di (Restink

circuit nge(egqﬁ tFILSx.efﬂn'a '&nﬂe@eceﬁ)e enable relay line 114. A pull-up resistor 116 is connected

between the isolated power supply unit (VCC2) 48 and drive/receive enable relay line 114

bP

to provide a voltage source for the output of the second opto-isolator 94. Unlike the first



Ports 3 and 4 which include pins 61 to 68 and 19 to 26 are not used in the
present invention. Port 5 includes bits 0 to 5 which correspond
respectively to pins 27 to 32. Bit 0 or pin 27 is connected via TRK1
-TX-DATA line 118 to the third opto-isolator 96 for transmtting data
output by the controller 38 onto the firkt trunk circuit 21 (best seen in
FIG 3). Bit 1 or pin 28 is connected via the TRK1-RX-DATA |ine 100 to the
first opto-isolator 92 for receiving data input fromthe first trunk
circuit 21 (best. se in FIG 3). Bit 2 or pin 29.is t used in the

pr esent in\?gFﬂ"iSBlﬁFor%eth?W?WﬂEM e theecy R,IBH%@PES&%WQ‘”G@W thedgplatgd

the second.] ; i transmts data output by the controller 38
onto the pbWe?Eﬁﬁﬁ?uﬁ&‘éV@@Z?ﬁ& 18 second

trunk circuit 29 (beFhe s@pit dfthddebondOptoolatdr B viRkKe BivelrectUIBFle?eal Bnk NE
TRK2- RX- DATA |ine 136 ich at the other end is connected to the setond
interface 124 anpdtherRBEtilived4 andtite RAL tiné 72 wontnels sk drive/mdceiva iftinc?ion (df elsd figseen

in FIG 4), Bit 5 or q%i n. Sé js not used in the present invention.
Ports 6 andnteriags; drpsidseqring abwﬁs Accgrdingly, whensthg oytput of the optoeiselator 84 ésiVHn

the preferred | i i . nat , u The remaj ni.n Lns 10 to
17 and 42 (IE)e {lﬁsgq ?‘gﬁ?‘%h fg’%lcglso%gr?st (Zmzegnﬁnao(?rf ee:gqs% dg aeml‘“étsé’rl?}gg4 gf)ﬁ"e 1rst
connect i on jbifive! NNCfroMithe MRIRVpEIBIRIE 980 ktheHfirsY brlink RRcdieS 1 HnarwhehiRe BEut Ne
external crystal 144, as specified by the manufacturer.

Ref erring VL] thefirshin@rfacd Zfimctieds ssarecsivéranditraasmmits thealgtasor shesfeybus
the FAULT and the BST indicators 40,42, the switching device 45, the reset
circuit 44chpgitghdo pohd pbthedirsbeptarisqlaton 82 yiaipinnbef diedit interace AUL Tt will be

| ine 152, PRPISERE ot eeitet inn, 86Ea} SeeiEor Bk PRrL tnd R 1 s Brdcfastba
the ot her gheb@RdlhewdBighrate bbRASoIRRPIoY thiidabfibsigdilie rdiufrell R FiEblralion bP

al so a LED which is connected at one end, via the BST signa I ne

port 2, bi theOfirst ipterfabd) 70f Bihenbohiving loae opfo-ivothted, theenadifeturiizdcdse of ke
mai n power supply unit 46. Each of the indicators 40, 42 are activated or
turn ON byrepedisr epppratus @0 dsaeduegdynal on the pins to which are they are
connect ed. . Turni ng, ngw o Fl 6 and the switchipg. device 45,
it includes swi tchesRiie?WO%gakpgﬁE’@w%ﬁsg’@t?%%&ﬁq v VS‘&&OI@E‘ZIS&?&II%&d
port 1, bi{suiet Bheh ' : roLJ a0 e, QL her
end to ground. eI netrﬁgﬁl rg‘ég?lg%ygwg%?%%?@m%ﬁgﬁ]s% tlg{?égfﬁgtre co(g‘%%%l%g%ﬁllgé]n a

dual in-1i (ERKACREIRATRY)R) 8vérhahe coittolkr B8IiS 0on@icted i pianytodeivelthe thitbhal
art will recognize that devices other than a DIP switch may be used as the

swi t chi ng diede frotsbowa)ofithashird epio-isplatardba fiwilaureibe seemdwipteisolatpred4; the

Lhus pi ac RPEHE the TGP iolatar GhvmRgks 29k Buje(VRirh B XL Nigh Tseoreiegied.
o h . ! . . P e

cont ror | er Ay op stdEl 28 fy CoriREEa IR Bkl d Bo 0B BRIy WIRACCHY ad

control | er T8 1ReS abi¥ a voltage source for the output of the third opto-isolator 96. The power

supply for the third opto-isolator 96 is also provided by the isolated power supply unit
(VCC2) 48. The output of the third opto-isolator is input to pin 4 of the first interface 71 via
the TX1 line 76 and is driven out to the first trunk circuit 21 when the second opto-isolator
94 outputs a VH signal to pin 3 of the first interface 71.

Referring now to FIG. 4, the second trunk circuit 29 is shown. The second

trunk circuit 29 is substantially identical to the first trunk circuit 21 shown in FIG. 2, with



19 position of switch 1 and if the switch is in the OFF position the
controller 38 goes into the NORMAL node, but if it is in the ON position
the controller 38 goes into the TEST node. Switches 2-4 conbi ned determ ne
the operating speed of the controller 38. The speeds at which the
controller 38 is capable of operating ad® the correspondi ng positions of
swtches 2-4 are shown in a table format in FIG 7. For exanple, the
operating speed of the controller 38 is 115.2 K bps when switches 2 and 3

bps vien o gttt e bRt e e hi% ko aTos gheahveld Tonnccted to hten
switch 1 Ofcoﬁll?ﬁlé‘r‘@Sttﬁchu@ﬂ aﬂ?ﬂl@ﬁ:gﬁrchﬁ ﬁetvthﬁ]lg thd@cdr I er[rlpcg%ui e1E %ngsati‘slfl@nd

6 determi ne the type of “tes e run by e contr _ ésen
i nvention icennexagbiol the obntfdlet 38 dird@iv. haesudh| bhlg e fednared 6 the GketdNGrcuit@hat

-

swtch test, the ECHO test and the PING PONG test. FIG 7 shows a table
li sting thesedistrguishahle from thorirauity afithedfippomunk erayitet] will bedassribedindddail.

For exanpl e, the repeater aratus perforns the swtch test en baot h of
switches 5 and 6 ar eanﬁ ‘{‘ﬁg‘%%‘f H’o’g‘ﬁ ﬁ"(’?rp.ower supply t0 the secgm?ltz@ﬁ Sirguit 29 wigae
used to deg| te. -as. -84 ice ar
'ho- RENOTED i BpEcipBf 122 AR ReoR AL 08 Rar AR 12416 proeR Y A€ e
are pl acedsipply bfii ONCCDy 6 rdtherahsh ENhRAsIlite@ Power RPPIH NI (VIOGC2) 4B s HPRe FHr&'

apparatus is designated as the MASTER device, and switches 1, 5-7 are set
to ON, OFFtruak careditGHF ‘Plasssaciond dnterfacy £24,isimilyr tot the firssprtatface 75, idalsognhighd

O i P oo el cace 71 idel
Tur ni ng noRPYt RAGES3Bseiace Fuipishch 3 a /91765 Ay gt R seeeny o'fﬂéf%@fa‘ah‘ég@perdaﬁon
eset 4 m aoneh PacRd Rk bR RRRITRICHROGPRAIH A7b Bhich s BB it 208

"wat chdog" the sgtaw ntdifick QDS froRPMBRehEEIIrB8L A £ WRbh@ILAE drdve @abRATRIA- TRt
2 or pin 48 via the controller nonitor line 154, the reset circuit 44

recei ves abEwsAximiot2§ whidh lagdspinto @int3alse fom thercesirsllar38158 i s connect ed
line 154 and ground to prqvide the | ower

b h [ i ] [

i%\gﬁgﬂcg reeaﬁin ﬁ ;3 t%ﬂng&tﬁk?érw%ﬁdw 128 supplies edegh ¥lisgn { VH) ta pia 35 datat
[ it 44 ' S 1) . in o .

S0 ot & Snrogeli SRRt e GRRETUDALA ling 130, which is sapapgied sppind in

j unper 160dti¢e0aY b BthsONatd'8 t6 AxCEecohl tHink iffudutm@NRRE 1 3P) E_ué ah@ vfﬂé?x the

whi ch junper carries the output of the watchdog section to the rese

secti on ( NPRESKRBAGENALdmedbesipphiea how voltagd VL paethe @in @Lddta 4¢bm shd SeeolRES
| ine 156 which.is also connected to pin 9 of the controller 38. Through the
RES |ine 1§B§1kt1¥@1‘2§'§§-lt lines dd2+ 13thisyresivad dy 2 srsnpd trypk datacteceivie {ERKZ-RKe

controller -DO 2 .. The confral.ler 38.,is.al so r.eset. wh ver .t he

i nput pomelr)%‘sglzj‘ﬁ)lluge ¥§ril6(r3 r‘#ﬁ 1S _r?ﬁl“he"g%\t/&&rplggpﬁ g1 ﬂﬁfhte sﬁ%onfidptfgfa(ffe%ﬁsﬂ.tﬂ's@te

and when t b@pwBiveieR s typiidl f6:5751%% tyBe Shtdibcd, BRI oM RICRAI L K ohm pull-up
resistor 138 is connected between the main power supply unit (VCC1) 46 and the TRK2-RX-

DATA line 136. Also connected between the main power supply unit 46 and the TRK2-RX-
DATA line 136 is an indicator LED 140 in series with a resistor 142 to provide visual
indication of the state of the TRK2-RX-DATA line 136. The LED 140 will be on when the
second trunk circuit 29 is in the SPACING state.

Turning now to the controller 38 as shown in FIG. 5, the controller 38 is a

micro-processor, such as a H8/322 micro-processor made by Hitachi of Japan. However,



38 at | east once every 900 ns. Turning now to FIG 8, the

el ectrical schematic circuit diagramof the main power supply unit 46 and
the isolated power supply unit 48 are shown. The mai n power supply unit 46
is an onboard regulator circuit which receives, through a power

pl ug/ receptacle 162, an unregul ated 6 V1éc, 600 mA power supply from an
external power pack (not shown) that is readily available off the shelf in,
for exanple, a 120 V, 60 Hz nodel or a 220 V 50/60 Hz nodel. The nmaxi num
unregul ated output fromthese power packs is approxinately 10.5 Vdc at a
132 Vac i nphwse of ordinary skill in thpag ayillaecagninsabeteetherTuilghlyi racra-procgssdr maythes v

targii:ﬁé? " ovrisneagte R BEL1 R TRgr hrar R GoR O o BR T B pltagnc
Phat has aCrady ShEkHEeoatba MR o R ILC P oA tof TUC) o Bupl A0y P°

into the hpehs.i Thedaitasties Bacomanmhickted%t ahfntat bf vaivds egeiratihg speeddiadhdinpo! d
a current of approxi mat elé% 400 mMA and switch at a nmaxi mum current of

appr oxi mat &13:280ps and 23h4Krhpsi Aumgnifieant fegture of Bisi cegtreternAlis that montaiistmtce| y
3.8 d 2000 mA. ) PTC devi 164 1 to th i.gh .
- pedance @ﬁ?ﬁ%fﬂﬂlﬁﬁﬁ%%?@ﬁ%ﬂ&aﬁﬁ ﬁ@ﬁg@@@im?j%@ea L shifl Pogister
been r enovekr AnBTiolAY ki trahainie dahas Snd BBRI i 3ltisAl sbdnaRtunTRircki 21 2

vV I St 5 ?he

keeping th age loss to a m i mum an provide protection for

transzorb O@fer feftufdl (Absshowel)\ofshd Coliicllee 38 ihélade 8REbytes PP Read 011§ MémoAS
and the portions of the repeater apparatus

21 - conneR@M); R&6 bytss of Randwi Accessriviomory (RaMiredians 16-bit fiecortemgag timer.
conditions_that the PTC device 164 is capable of .endurin ot he rds,

I
the PTC defn the Presgnt @venting theropfollercifus beingsed in an ?HF’B‘%%’G’BF*%t shefrRg

whi | e prot | | . - C | L4 ; ] i h

mai ' power TEATg G {6t Ao tGh ) RANE €8BS he i o e nfeifler
power  supps ¥nd Biteinal fRMJ Eet6hcs W Bohtrdl A alPA€ ol NEdessdrpIWN) .

Referring now to the isolated power supply unit 48, it is connected to the
mai n  power supply Buweréd byithe andda/go®er supplyt enit (§E€C1) M6, ke pontreliaredB is
enbodi ment, the DG/ DC cqnverter 168 has an operating frequency of 170K Hz
and out put onmested thergtoryig Fesistars 43, Agyinterpal @scidgtor (o Wliwgl&hﬁ'@weﬁ Hhet

whi | h DC 168 §s: | ' | i
Flluct uat i OO TeeRan Sttty 8o RPR/EhY B kielhel U 148 b *F comgitars
pover suppjae, 4ag! Pﬂe@emﬁby?ih%wsw 140 8houid Balh 14 TUEE VB AIT-MADYArIRI YesbhdtHgD- 7
V for no load to 4.95 V'for full load, with the output varying

appr oxi mat édvicey hnd therserieswasist@née of the orpstal V44 shieuld berbetteencfkioad( olgns with.a
By utilizing the DG/ DC converter 168 to isolate the isolated power supply
unit 48 fromnt Kapafdiapceehd0 BE maximus;: « Nagxtemal bigsing agsisionas requited fprne

h beg d ! th i
(10t =Nl S38 B 1R B LR S B ARBRGTIEE, ° 15,
circuit 21 and the rRif-#8idowHd the PP yc%ﬁwoﬁthécbmié}@%f pez,ftiihélﬁdésoagﬁtfl%i&tsh

circuit 20. More specifically, the isolated power supply is provide
corresponding respectively to pins 60 to 53, which are connected to switches 1-8 of the

e

switching device 45 (best seen in Fig. 6), respectively. Switches 1-8 are also connected to
ground, and thus, when the switches are in the ON position, the controller 38 reads a zero,
and when they are in the OFF position, internal pull-up resistors (not shown) pull the input

up to the voltage level of the main power supply unit 46.



i nput/output line 52, power input pin 8 of the first interface 71, the
pul | -up resistor 98 which is connected to the internal drive diode of the
first opto-isolator 92, the power input pin 8 of the second and third
opto-isolators 94, 96, and to the drive/receive enable signal line 114 and
drive signal line 76 of the second and &fird opto-isolators 94, 96,
respectively. The | ocations where the power fromthe isolated unit 48 is
applied is denoted with a designation "VCC2" (best seen in FIGS. 2 and 3).
The remaining or the non-isolated portions of the repeater apparatus 20 is
suppl i ed by the mai Pqsbherclusigppight bitsicorgepandingygspestidely doping SAde 43 ofivitticta

dest gnat | ofy'VGBin 4758 hndSE" B oThFin b R orhSbeed N8R Brast! Gy TRDIBH'™
fromthe i i 1 eot t i t '

second tr Uﬁg ﬂ:a(‘r:tlﬂl r}(':zuié?'1 %gs\?ggfﬂéﬁ& gib’ra'ggi 15;{!2;&/1;521%@1{5 doitEetdd fo Qe %gt%gﬁ.ll‘ ed
descri pti ojndvdakdr 400rebtesesRUCFIG.16) vihe RAULTGldrat 1in8 152 adhd indicitbs 490RMAke
and the TEST node operations. In the NORVAL node, which is established when
switch 1 iadaptes toviet ONi wierdbeicontralieri 38 gutpete@ Zero (Heand-PFFoxhen the oatpus fson

inthe FIG ) i dth the first.tr. i it inth
e LS (0 b3, b5 HEEL 008D . T ot SHRSA Bl B

h j it : ; i : 8.
S NGB RIS R oSl b EOSHN Sh

fram ng er3®via awBiet (RESYlitic V8% Bit Boryinns i tomlecRdda TRIBRRETXL ENANAEL 2
wrong state and overrun errors which occur when data bytes are received
fast er t hathatatdhe other ¢rgl is connestedite thepgptorigplators thest seanl ipEKs.63 foheontimiling o

(not *shourfeiTeesiat e BHvsg, o G FREH BBl 1P 16 FIRE Rk A Dbt AT PHEd LiRT2
(ot OivisE; ’ |
errors ar o or aEy RTRIIGRCENA R 02 0B Bhe ERREhd otRKEL e SIRRIEL

not send ifolafr DD¢b\Ede in!FIGL BPfdR\WBBWitY inplt QM8 o tIRY fildf trulOtifcuf 2 I Rebe
bytes involved in the overrun are dropped. Each tine an error

i s det ect esgeivérbomtonhe TRKd rFRED Aliaplirtes] G0. ST BRK2eR KAENPALET] 26hatinnatts bit40
(a LED), which turns ON for approximately one_half second. |f _another error

i s det ect ¥ BnfH 8 thecoptaelier 38 tejtheseenndanteriacehl4 torpermy the contigiier 3§ tewenirel

whioh o SRt Bt el RtoRR e Sbic el e rRIERSBATA B Pldbr e,
i nform t hepyger 4% hl@ésﬂ}r!‘ﬁt ¢ @PpbRI2 &pind3ii$ cORRERMI B hPMAR eIk 124 VRLHE Alra £
speed at which the data is passed through the controller 38.1s determ ned

by the swiTXHEMY lohevi28avhith cdrries theaignat froat thelvenpolér3 8 fout coprelling fthe’@itpd00
bps, switches 2, 3 and 4 are all set in the OFF pasition, as shown in the

tabl e of Ffatairom the controller 38 ape the sgoerd EvRkeireHit 49 (haskassn imBHE. Hper at i on
has been descri be '?ﬁgﬁgg%}&ﬂzg%}pﬁg{cﬁofeﬁﬁg6;38%4}1 {9 b6 bhle ot vlkd 'te 21

and transmtted to
present invention. Port 5 includes bits 0 to 5 which correspond respectively to pins 27 to 32.

Bit 0 or pin 27 is connected via TRK1-TX-DATA line 118 to the third opto-isolator 96 for

transmitting data output by the controller 38 onto the first trunk circuit 21 (best seen in FIG.
3). Bit 1 or pin 28 is connected via the TRK1-RX-DATA line 100 to the first opto-isolator
92 for receiving data input from the first trunk circuit 21 (besi seen in FIG. 3). Bit2 or pin
29 is not used in the present invention. The TRK2-TX-DATA line 130 connects bit 3 or pin

30 to the second interface 124 which transmits data output by the controller 38 onto the



23 the present inventions perforns this operation-in the same nmanner
when data is received from the second trunk circuit 29. Wen data is
received fromthe second trunk circuit 29, the controller 38 enables the
second driver/receiver interface 124 (best seen in FIG 4) to receive
while disabling the first driver/receivei8interface 71 (best seen in FIG
2), and enables the first driver/receiver interface 71 to transmt and

di sabl es the second driver/receiver interface 124 when data is transmtted

| ndi cat or s etAd Bl atddD st sten i 208D RiFR oL Btk orSled O b TREB Rx-
devi ces mﬁ).ﬁ?f‘\a@?ﬁé Which 3f e Jthek glgd #%ﬁdﬂ@é&%ﬁe n%ggﬁ@in%&éaﬁilgﬂtgﬁé f%cgives

To generally p e controller sWwtc

swi t chi ng deputeiatdfomnshé sdcohdcirduit Z0Nbpstskeéri MFIGO4% tBis @n pin3 Hsthot G3ed MNflet O
conduct specific tests, i.e., the swtch test, the ECHO test or the
Pl NG PONG tpgesent ygntidmnal switches of the switching device 45 nust be set.

Shoun in FIG 7. Tni St EERY B Bndith R weaths Tkl el preiaine
switoh |0 Uhersuh iRy oy ARthlispl o d ReRRSk bR 048 19NAUEESE e

t hrough th e BST indicators 40, 42. s acconpli'she

t he contr oltbral 68Pine ot [the dontrglleri3raee feséred firkonridedoBETthitlcinaiatpdves sugdl, ant
OFF the nunber of tines corresponding to the switch being tested. For
exanpl e, t ¢6ddaahairemdeiorshid3pa the exteptal swystalH44, as specidisdiuyothe anamgactorer d

t the BST indicatqr .42 ON and_OEF six times. Then. a .signal ld b
out put by the cont r oReETIBEREE i FI. 6 Alsciieel SHEmANE ArgHt SUBRIIAPOROLARE or
OFF f i : Y '

posi 1 on. TAQED B EBST RELRAC b2 M Srdelfy SRS g Eereflchf b4 and the

loop until chhrolléB8with &ie side Adt sheme! TRPAULTIihdieiter40 RRAED kndRY @nneted S
sel ect ed. To performthe ECHO test, switches 1, 5 and 6 of

t he swi t chiahgnelend, via t4he FaAUELE signaldine1620N,po@Nl, bitd @ffin @8 of theoerntroller 38 and
respectivel g In histé 8‘5?006 ure, test data i s _gener tfd gg the controller
38 and sentORRFA§HAIRE OhEr T1d A thenpig HoftagosupplyHT 0. f RGPS T ingiRater f s alse 1
and sent b -he. f] j i A . n Chrecuit .29,
't he profdRR i iscohldeidd dtde Shd it Ine S THh VAT RB RN SR B 16

recei pt of offiRe tE8frolt ¥8 &RNAt the other end to the main power su8p1y unit 46. Each of the
24 by the first trunk circuit 21 is approximately 250 ns. If a response

i s not recaidieatots\dQ K2 afei acivated primkn ON byia volgedow I(VR) sighal dni thee pirsrto evhioh
is considered to have occurred and the test is reset. The test is
conti nued BYF ¥ aEHEAMEFedr 38 until a different function is selected and

E)Se i ﬁgnzgﬁlt lr glr | grs 'ngkﬁlfﬁé hovlvtto %‘i@“ é gm? ﬁ'nens(\)a}i&:ﬂintghc%tviée%, Eteiﬁéluggst sawil?c‘[h%(sjI 158 d
which are connected respectively at one end to port 1, bits 0 to 7 or pins 60 to 53 of the
controller 38, and at the other end to ground. In the preferred embodiment, the switches are
contained in a dual in-line package (DIP) switch, but a person of ordinary skill in the art will
recognize that devices other than a DIP switch may be used as the switching device 45, such
as fixed pin movable jumpers or wire jumpers. Internal pull-up resistors (not shown) are
provided for each bit of port 1, thus placing the bits of port 1 on voltage low (VL) condition

when the switches are ON. Switch 1 is used in selecting the operating mode of the controller

38, i.e., the NORMAL or the TEST mode. At power-up, the controller 38 checks the



initially be sent out of the second trunk circuit 29 instead of the first
trunk circuit 21. Also, in conducting this test, the user is required to
connect a cable between the two trunk circuits 21, 29. The
test data generated by the controller 38 is made up at the m ni num of 128
bytes of nulls and 128 bytes of hexadeci®al FF. It is contenplated that

| ar ger bl ocks of data can al so be sent, preferably conformng to the
protocol format used on the conmunication |inks such as a conmunication -

TSt or Egﬂﬁbﬁiihﬁgém it T Rae e et TP TP iheiouBliEe e intovhe n
the test dg SRR B Y10 Bnd O Poshlo e Ebtititid: BLRLLRE dhyEes e

sent back b t e second trunk circuit e control

for fram ngwafdhes s- @é&nﬁawa@eﬂﬁﬁlewﬁ'@bg@atﬁ%gx@am thee6itetidr BS. TG PR a0S
that which was transmtted. The contr turns ON the FAULT i ndicator

40 for eaclwhich the cdeﬂrd&ﬁreﬂ is ddphablefdf @epemting pnd Ithescdrmpondihge pBsionsofi amitcﬂmes

continues to turn ON.a fF at .one second peri ogT as during the NORVA
mode oper &t% #§ shown in atable ormatp £y T-nkenfdampés @Peganngﬁps?dr%fﬁbeﬁemolm

t he repeat a P ho

conduct thgélﬁ @w nSthC%fggg%ﬁ&Ll;%g% @%’ %Lﬁ&% |nglsd’g}p5§q515
are set to SI\ino@Fﬁdaiam@wmwwm; thféessaﬂ%eyelat/areaﬁ tI%OPR pokitichG 7. This
test requi res that the test data or packets be transmtted between two _

repeat er appar at us. YWhessefitch dnd thd swikehingudeviee 4%t s;nm thet TES TarnbAS eRtches
devi ce 170 and the other  as a REMOTE device 172. shown in FIG, 7,
swi t ches 15 and 6d %tﬁamreéhet\@étof test tnbe neﬂwtheqoaﬁalle%om PigAent invention is

oo e ohe bablsbt dep R e Al nitad e el b e mehiongst e
25  pac kepmt}tm\@esbﬂﬁlﬁ sﬂswg GQabllé Qsﬂgtﬂegéfes@ahaeﬂe Eé&&bbﬁang bSitions

trunk circuit 21 to the REMOTE device 172 Wwh recei ves the test ™ packets

t hr ough i t of §witcltes SrandlS. dHot exdnpl2 lthe ﬂHpeateWsimrfmmslH&sWﬁﬁﬂeﬂMtdnﬂadtﬁle
t est packets for sage content and_ comuni cation errors including fram ng
and over r upf eviteh @3@1@26 Nt @BRasEion72 t hen sends the sane packets back

to the MASTER devi ce r the ets ai ni ng _error

dr opped or deI;t ed. tngc’g i c’ﬂggii‘fg‘fé e%%ﬁ?ﬂeﬁ E{;oaév?@@ afi)%
are receiv 'K%M N

wher e packggzga]?gl{%gzg%n?g{? ec e?ffEc‘;r c%ﬁ%#@ggﬁﬂ%rrorsﬁﬁ I\X&S‘Q?E'I':‘{’lL
REMOTE deviwitshes/ére pldced Imthe ONgiOFF,r@Npamt ORe pbéitibils,i reshecttely, 4 fdpbat@ﬁCh

byte found to be in error. In this nmanner, the communication |ink between
the MASTEReppatatuhis designmed dethieddASTER, device, ansl svatohes|1f 57 aeerse@t@ON OFF, ON

In the pref enmbodi nment di fferent, types, of et.s
gener at o SHICETAREHOIsatPop e bh i emsrir 1 ot gried g pORUGE de Corriviteh o
I's a 256 byte,BAtKEin the present invention.

Turning now to the reset circuit 44, it is a supervisory integrated circuit, which

in the preferred embodiment is a Maxium 706, for providing reset timing during power up
of the controller 38, voltage monitoring and “watchdog” timing functions. Connected to the
controller 38 at port 2, bit 2 or pin 48 via the controller monitor line 154, the reset circuit 44
receives a watchdog input at pin 6 thereof. A resistor 158 is connected between the
controller monitor line 154 and ground to provide the lower impedance required to enable

the watchdog section (not shown) of the reset circuit 44. The watchdog input is in the form



hmade of Hex FF and 00, the second is a 256 byte packet made of Hex AA and
55, and the third is 256 byte packet which increase fromHex 00 to FC. The
test packets are also cyclical redundant check (CRC) protected. Each
packet type is sent out 1,000 tinmes before the next type is sent. The rate
of speed at which these data packets areQGransmtted out of the MASTER and
t he REMOTE devi ces 170, 172 is established by setting swtches 2-4 of the
switching device 45 to the positions as shown in the table of FIG 7. It is

Che. Pi NG, PREPHRE pulbeh b7 B Gonk S SR Ko a8 KR il Rl EY ey,

1,000 timegnage kiRt Ubhit 3888 cohhect pin 8_to pin 1, whicH furASkH dab9sk the duful lthd1g
t he test se?queehce, t he II\/ASTEF({: de(\a/ci (?én 178 peilllso“lzelepj;h count of theurqdunber of

packet s treashiddg eettimndo tlecreset section (potativea).aCetracted topisagfthe reset cigadt 44

t he status nessage_are the, gacket nunber, the t%/%g of packet, the nunber of
errors andistthe RESt1ineotS6whishds algheenmestsd topinndof Hewpatroler 3§ SThreegcthe RESer

o D e L5 P SRRk R U8 ot S SRR S duRson TG BURL P MEBSRAHRr 58 afpbRit bp.

t hough t he
26 ASCl Tf.é’&g?'follep B8N LA LkeAhAROG hO hpuV Powét squ?l? ffckh fhelhidth ?’%?@Hly

received by a spl ay éeV|ce 174 such as a conput or a print
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UART. Additional characters or bytes are | oaded intq the TDR each tine_a
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maximum time for tripping should be approximately 3.8 seconds at 2000 mA. Once the PTC

device 164 switches to the high impedance state, it will stay there until the overvoltage
condition has been removed. A PTC device having these specification is optimal for keeping
the voltage loss to a minimum and still provide protection for the transzorb 166, which also -

serves to protect the power supply units 46, 48 and the portions of the repeater apparatus



(TDRE) interrupt occurs indicating that the TDR is enpty. Conventionally,
when the | ast character of the data being transmtted is | oaded into the
TDR, the TDRE is disabled and a tinmer (not shown) is started. The

transm ssion is considered to be conpleted after the tinmer reaches the

| ength of tine needed for transmitting 4o bytes of data. In other words,
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and the PING PONG test for determning the integrity of the conmunication
li nk with leRdcwithibe oufmus varying pepraximately Rlemercaimg, 0.7 Yelrpmes ¥nundesnermebn
al so has a fea%ucrta for producing a signal for indicating the conpletion of
dat a trans‘?ﬁe&'rlmoaghot her feature of the present invention is that all of
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Wil e various enbodiments of the present Invention have been’ shown

descri bed,48 froahthel raingowed stSplo aditi46ah sitgls extsrnal pewergtack €sot shoba) midyt bons
and equi val ents can be used, and the present ‘i nvention should only be.
linited byuseHdocsupphbpewer ©dhe watienepeatpieanngratus circuit 20, i.e., the isplated it 48
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the apparatus circuit 20. More specifically, the isolated power supply is provided to the
input/output line 52, power input pin 8 of the first interface 71, the pull-up resistor 98 which
is connected to the internal drive diode of the first opto-isolator 92, the power input pin 8 of
the second and third opto-isolators 94, 96, and to the drive/receive enable signal line 114 and
drive signal linp 76 of the second and third opto-isolators 94, 96, respectively. The locations
where the power from the isolated unit 48 is applied is denoted with a designation “VCC2”
(best seen in FIGS. 2 and 3). The remaining or the non-isolated portions of the repeater
apparatus 20 is supplied by the main power supply unit 46 at the locations denoted with a
designation “VCC1” (best seen in FIGS. 3-6). For example, FIG. 4 shows that the power



28 CLAIMS 1. A repeater apparatus including a circuit for electrically
I sol ating a link of 'a conmuni cati on network, conpri sing: a
first trunk circuit for receiving data input fromand driving data to

a first section of the link via at |east _one first comuni cation |ine;

a second trunk circuit for receiving dat® I nput fromand driving data

to a second section of the link via at |east one second

comuni cation |ine; i sol ati on nmeans, operatively connected to said

first trurdapply frointthé @fain unit 46 ietsmetiedabd lthe inpol/@itpidiredl 32 éf the beddndrtkunk
circuit fromsaid second trunk circuit; prot ection neans,
oper at i velgiresdirdfeve e bies maistprili2?st and sai d second trunk circuits

for protecting agai vervolta diti nfro
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sai d seconghdd stikch 1 in the switdling Hevice $Rishlddedsh tHer OFIR p6difiGilad showd in thd BIRG.
apparatus as defined in claim1l wherein each of sai d first and

second t r uhkatai recaivadsthrough threBrstitrank eicquits éd ah thermannes deseoibed alkve is Teveived

appar at us as defi ne n ¢l ai 2 erein said driver./receiver
, ﬁf erface Q%2 ﬁprﬁgpgggng gﬁtglfnp ngy\'gma async onous receiver transm?tter (UART1) (not

shown) in the controller 38. The controller 38 then checks the data for communication
errors, such as framing errors which occur when the stop bit of a data packet is in the wrong
state and overrun errors which occur when data bytes are received faster than they can be
transmitted by a processor, and passes the data to the other internal uni\}ersal asynchronous
receiver/transmitter (UART2) (not shown) if no error exists. The data is then transmitted
from the UART?2 to the second trunk circuit 29 in the rﬁanner described above. If, however,
errors are detected, the controller 38 drops or deletes the data and does not send it to the
UART2. In the event of an overrun error, both of the bytes involved in the overrun are
dropped.

Each time an error is detected, the controller 38 outputs a signal to the FAULT
indicator 40 (a LED), which turns ON for approximately one half second. If another error
is detected while the FAULT indicator 40 is ON, the half second timer is reset. The
controller 38 also ;Jutputs a signal to the BST indicator 42, which is also a LED, to turn the
LED ON and OFF at a one second period to inform the user that the controller 38 is
operating properly. The rate of speed at which the data is passed through the controller 38
is determined by the switching device 45. For example, at the preferred speed of 230,400
bps, switches 2, 3 and 4 are all set in the OFF position, as shown in the table of FIG. 7.

While a description of NORMAL mode operation has been describe in which

data is received from the first trunk circuit 21 and transmitted to the second trunk circuit 29,



29 4. The apparatus as defined in claim1l wherein said isolation neans
I ncludes a plurality of opto-couplers connected between said

controlling neans and said first trunk circuit for electrically isolating
said first trunk circuit fromsaid second_trunk circuit. 5. The
apparatus as defined in claim4 wherein 23first of said plurality

of opto-couplers supplies a receive signal and a drive signal to said
first trunk circuit for allowing said first trunk circuit to receive and

end data fromand.to said f t .section af .the comunicatiogn Link.. :
The. appar atteP RGBT AR BT EF s SPegRIinan fiorsa JBFheh D g 1 recéived fom
plurality ofe Q&to‘i’i.'dctﬂk{ﬁ! 8&&1# A &4 % 1eBBVLd ff{o‘i}mJﬁaéeGoﬁ frahk 3fEdit 29, the
of the communication [1nk. 7. e apparatus as defined in clarm

wherein a tcbhtrollerf38mablepthsrsatoridydriver/receivepinteificd 124 (eestsben e FEG . SHNE rébaiva
out to said first section of the communi cation |ink. 8. The

appar at us ashiltedisabdng the dirsti driveringnsiver interfader Bk (best segnén EUgpl)y and enables the
said first trupk circuit.is_.elegtrically isqlated from econd volta
Sopply o SASSEEREIET it i 1p transroit and QepghlEs e SPeAnd A Er frGeiVRE thichiace

claim 8 whghg iv&heg &Pg R SR 6 the ﬁFt tr]pnk RE Qv gﬁsltssﬁbgldeél&%er fgﬁ@é f}{at while
i sol ation of sal I rst voltage supply from sal ~ second vol tage
supply. 1% indh@tcrppara ats LEDsdafthe greferied ehiodirent)\@her indivaiod devietefialy e
means clanmps an input voltage fromsaid first and second sections
of the used in place of the LEDs such as audible indicators. 30

To generally place the controller 38 in the TEST mode, switch 1 of the
switching device 45 is set to the ON position (best seen in Fig. 7), and to conduct specific
tests, i.e., the switch test, the ECHO test or the PING-PONG test, additional switches of the
switching device 45 must be set. For the switch test, switches 5 and 6 are also set to the ON
position, as shown in FIG. 7. This test is designed to determine the position of each switch
in the switching device 45 and display the position to the user through the FAULT and the
BST indicators 40, 42. This is accomplished by the controller 38 outputting signals to turn
the BST indicator 42 ON and OFF the number of times corresponding to the switch being
tested. For example, to determined the position of switch 6, the controller 38 would turn the
BST indicator 42 ON and OFF six times. Then a signal would be output by the controller
38 so that the FAULT indicator 40 would turn ON or OFF for a period of % second to match
the state of the switch position. This process is conducted for all switches and is repeated in
a loop until the controller 38 is reset and a different mode of operation is selected.

To perform the ECHO test, switches 1, 5 and 6 of the switching device 45 are
set to the ON, ON and OFF positions, respectively. In this procedure, test data is generated
by the controller 38 and sent to the second trunk circuit 29 from thé first trunk circuit 21 and
sent back to the first trunk circuit 21 by the second trunk circuit 29. In the preferred

embodiment, the maximum delay period between transmit and receipt of the test data sent



communi cation link to a predeterm ned voltage when said input * vol t age
reaches said overvoltage condition. 11. The apparatus as defined in claim
10 wherein said protection neans i ncludes first protection neans,
connected between said first trunk circuit and said first section of

t he communi cation link, for prot e@di ng against a first overvoltage
condition fromsaid first section, and second protection neans,
connect ed between said second trunk circuit and said second section

of the co tion for
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pr ot ection means includes at | edst one PTC device. 13. The apparatus as
defined i nTh¢ adsmid tondiaredi by drcéondiollsnB8 unitil at duﬁﬁanbnt functioaeis eltcredodrat tHeon
means i ncludes a transient surae prot ector. The apparatus as defined

in clai m 1gonmellerddisagesh Brsheuld hempredithatitae test data wedused bp(r he eentraller f'#%
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bytes of nulls and 128 bytes of hexadecimal FF. It is contemplated that larger blocks of data
can also be sent, preferably conforming to the protocol format used on the communication
links such as a communication method consisting of a master and one .or more remote
devices where the master communicates with each remote device on a poll response basis.
When the test data is received by the first trunk circuit 21 after having been sent back by the
second trunk circuit 29, the controller 38 checks the data for framing errors and determines
whether the data received is the same as that which was transmitted. The controller 38 turns
ON the FAULT indicator 40 for each error detected. Not affected by this test, the BST
indicator continues to turn ON and OFF at one second periods as during the NORMAL mode
operation.

Referring ﬁow to FIG. 9, an arrangement of the repeater apparatus 20 for
conducting the PING-PONG test is shown. To conduct the PING-PONG test, switches 1,
5 and 6 of the switching device 45 are set to ON, OFF and ON positions, respectively, as
shown in FIG. 7. This test requires that the test data or packets be transmitted between two
repeater apparatus. As such, one of the two is designated as a MASTER device 170 and the
other as a REMOTE device 172. As shown in FIG. 7, switches 1, 5, 6 and 7 are set to ON,
OFF, ON and ON positions, respectively, for the MASTER device 170, and set to ON, OFF,

ON and OFF positions, respectively, for the REMOTE device 172. In this manner, test



16. A repeater apparatus including a circuit for electrically isolating a

link of a conmunication network, conprising: first trunk neans for
recei ving and sending data input fromand to a first section of the
comuni cation |ink; second trunk neans for receiving and sendi ng data
I nput from and to a second sectiorff the communication |ink

I sol ati on nmeans operatively connected to said first trunk neans for
electrically isolating said first section from said second section;

pr ot ect i OrpagRed FroPP EieMASTER B6ViBE T Y@ ard Rarbstifled Foft itefet K8ARBHcuit 21 1o HUNK
means for protecting agai nst an overvoltage condition from salél

conmmuni cat Qhlgt deivige 172 whicheegeivesithe tegt paskets thropgh it ifivst| tyunkativeaitt2ad The
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sai d second data, trans 't_ti,ng said second data to said first trunk
32 throysh tfe'ag“fﬁﬁ? #diqfdhe MASTER device b0 wherspaeletasrg againspecked

sai d seco | | catd.on ar ed, .sai .
control li %‘ Fd'reg}é’%lsdné?ag%wﬁaﬁg't t-ll.l'hegh@{p%fgﬁ‘i %@@Q?Esgﬁ“‘geﬁaﬁg’ lgﬁdﬂash their
respective FAULT indicator 40 for each byte found to be in error. In this manner, the

communication link between the MASTER and the REMOTE devices 170, 172 is tested for

errors.

In the preferred embodiment, three different types of test packets are generated
and transmitted from the MASTER device 170 in sequence. The first is a 256 byte packet
made of Hex FF and 00, the second is a 256 byte packet made of Hex AA and 55, and the
third is 256 byte packet which increase from Hex 00 to FC. The test packets are also cyclical
redundant check (CRC) protected. Each packet type is sent out 1,000 times before the next
type is sent. The rate of speed at which these data packets are transmitted out of the
MASTER and the REMOTE devices 170, 172 is established by setting switches 2-4 of the
switching device 45 to the positions as shown in the table of FIG. 7. It is contemplated that
different test packets may be used for the conducting the PING-PONG test, and that each
packet may be sent out more or less than 1,000 times as the user sees fit.

In addition to initiating the test sequence, the MASTER device 170 also keeps
count of the number of 'packets transmitted and received to produce a status message.
Included in the status message are .the packet number, the type of packet, the number of
errors and the rate of errors, which is in the form of errors detected per million bytes of test

packets transmitted. The status message is output though the second trunk circuit 29 in



produci ng a transmi ssion conpl etion signal for indicating end of
said first and second data transmitted by said first and second

receiver/transmtter means, respectively; and swi t chi ng means for
selecting a transmtting speed of said controlling neans for
transnitting said first and second data 4% om a plurality of speeds.

17. The apparatus as defined in claim16 further including resetting
means for resetting said controlling neans if said operational status
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predeterm ned tine period; “apparatus as defined |

further incliddueh a3 af hputer or a printelt €Richrwauld displeyr thi statusthessh gy tof thé user.
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i solating a | nk of, a communi cat,i on network, conpr.i.si ng: . first
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protected packets. While the operation of the PING-PONG test has been described where
the test packets are sent and received though the trunk circuit 1 and the status messages are
output through the trunk circuit 2, one of ordinary skill in the art would recognize that the
role of the trunk circuits 1, 2 may be reversed.

To obtain a faster turnaround time in which UART is set from a transmitter to
a receiver, whether in the NORMAL mode or in the TEST mode, the controller 38 monitors
the last character in a data string being transmitted and generates a “transmit complete” (TC)
interrupt the moment the last character is transmitted. This is a significant feature of the
present invention since the micro-processors that are employed as the controller 38, such as
the preferred Hitachi H8/322 and similar processors, do not have an inherent function for
producing the TC interrupt.
As disclosed above, thése micro-processors consist of the transmit data register

(TDR) and the transmit shift register (TSR). In transmitting data, a byte is first loaded into
the TDR and then shifted into the TSR before being sent out of the UART. Additional
characters or bytes are loaded into the TDR each time a “transmit data register empty”
(TDRE) interrupt occurs indicating that the TDR is empty. Cohventipnally, when the last
character of the data being transmitted is loaded into the TDR, the TDRE is disabled and a
timer (not shown) is started. The transmission is considered to be completed after the timer

reaches the length of time needed for transmitting two bytes of data. In other words, the



first section of the comunication link; second trunk neans for

recei ving and sendi ng data i nput from and to a second section.of the
comuni cation |ink; i sol ati on means operatively connected to said
first trunk means for el ectricall é# solating said first section from
sai d second section; switching nedris for switching the repeater

appar at us between a normal node and a test node; and
controlling neans, operatively connected between said first and

second  thubk srodBaitSissundidhat tﬂ@t’éia?g?yteg i 4th tROTDR &REPSR, even though there
receiver/transmtter nmeans, for transtferring first data fromsaid f%rst

t runk nmeanmay aosts abyte dothd TISRINKs aeesnidt, thede Eauld beandslayr ofiong byte timedbetaradt
data from said second trunk means to said first trunk means when t he
repeat er dpjapwngbatthe Fansmigsigniscoreplpigd. node by said swi t chi ng
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From the forgoing description, it should be understood that an improved
repeater apparatus for electrically isolating-a link of a communication link has been shown
and described, which has many advantages and desirable attributes. For example, the present
invention includes the overvoltage protection circuit which meets the UL requirement for
repeater apparatus connected to a communication link extending outside a building. Also
included is a controller which operates at the speeds including 115.2K bps and 230.4K bps.
Further, the present invention also conducts a number of tests including a switch status test
for determining the positions of the switches, the ECHO test for conducting a self-test of the
controller 38 and the PING-PONG test for determining the integrity of the communication
link with which the repeater apparétus is connected. The presenf invention also has a feature
for producing a signal for indicating the completion of data transmission. Another feature
of the present invention is that all of the above-described features are incorporaied into a
single unitary device.

While various 'embodiments of the present invention have been shown and
described, it should be understood that various alternatives, substitutions and equivalents can
be used, and the present invention should only be limited by the claims ahd equivalents
thereof.

Various features of the present invention are set forth in the following claims.



fepeater apparatus to said first repeater apparatus and is checked

for comruni cation errors, when the repeater apparatus is set in said

test node. 22. The apparatus as defined in claim?21 wherein said swtching
means further designates the repeater apparatus as pne_of said first
and second repeater apparatus, and8selects an oper WﬂmmmMEﬁﬁxkggmq
t he repeater apparatus froma plurality of -speeds. | 23. REPEACED
apparatus as defined in claim21 wherein a tinme period after Satt—-
test data isciipmgnmtted and to a nonent said test data is recei ved
by said selected one of said first and second data

receiver/transmtter nmeans in said self-test is less than 250 mlli -
seconds. 24. The apparatus as defined in claim2l1 wherein said test data
is CRC pr ot ect ed. 35 25.

The apparatus as defined i i N Sai ns
outputs a fault si gnalri g%ﬁtﬂy ans& giu&nga‘h&"ggft?g& rlré%ééﬁ&gly isolating ‘{E’af
data found tefb&;mmuﬁirca@cmnet&&k cc'ﬁhpnﬁmar atus as defined in claim25

wherein said display neans is a LED. 27. _The apparatus as defined
in claim21l wherein aﬁﬁﬁrti"ifé(nméﬂnssfé’l' geqesdng and sending datp iapHt JEor 28¢ do adfirst
repeat er appar.a tus retransm tted back to said first repeater
apparatus if 3 ﬂ#ﬁ’ﬁ tlon error is detected in said portion by

said second repeater ggiead&ubl means for receiving and sending data input from and to a second

section of the link;

isolation means, operatively connected to said first trunk means, for electrically

isolating said first section from said second section;
protection means, operatively connected to said first and second trunk means
for protecting against an overvoltage condition from said communication network; and
controlling means, operatively connected between said first and second trunk
means, for transferring data from said first trunk means to said second trunk means, and from

said second trunk means to said first trunk meéans.

2. The apparatus as defined in claim' 1 wherein each of said first and

‘second trunk means includes a driver/receiver interface.

3. The apparatus as defined in claim 1 wherein said isolation means
includes a plurality of opto-couplers connected between said controlling means and said first

trunk means for electrically isolating said first trunk means from said second trunk means.

4. The apparatus as defined in claim 3 wherein a first of said plurality of
opto-couplers supplies a receive signal and a drive signal to said first trunk means for

allowing said first trunk means to receive and send data from and to said first section of the

) ) R

communication link.
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28. The apparatus as defined in claim21 wherein said first repeater
appar atus determ nes said second repeater apparatus is the sane _type

when sai @& test data is rejected by sai d 2%peat er apparat us. “r
apparatus as defined in claim28 wherein said first repeater nodi fi es
said test data to be acceptable by said second repeater appar at us
when sai d second repeater afireapparausias ddfifiddainetaimf4rwimrein a secandiof stidrpdurality

Cont ol i g of skt GprRRlE fRpeoncais RIS RELEALE tios PR GOPRINHRRR SRk

nmessage contained in said test data generated and transnmitted to said
second repeater apparatus in said conmunication link test.
REPLACEMENT SHEET 6. The apparatus as defined in claim 5 whereiB thillof saideplurality of
apparatus as defined in claim?21 Wnerei,aﬂsai d Conth’ olling ., .. n?(ans
produces a t ratoptesoBpleBsspdsdataputdp §Hdifirstsectiqna éléet‘?qlfﬁg‘étﬂﬁatmn k. of g4 d
first and second data and said test data transmitted by said first
and second receiver/transm tter neans.

7. The apparatus as defined in claim 1 wherein a first voltage supply to

said first trunk means is electrically isolated from a second voltage supply to said second

trunk means.

8. The apparatus as defined in claim 1 wherein said protection means
clamps an input voltage from said first and second sections of the communication link to a

predetermined voltage when said input voltage reaches said overvoltage condition.

9. The apparatus as defined in claim 8 wherein said protection means
includes first profection means, connected between said first trunk means and said first
section of the communication link, for protecting against a first overvoltage condition from
said first section, and second protection means, connected between said second trunk means
and said second section of the communication link, for protecting against a second

overvoltage condition from said second section.

10. The apparatus as defined in claim 1 further including a first trunk
termination means operatively connected to said first trunk means for terminating data
transferred from said second trunk means, and a second termination means operatively

connected to said second trunk means for terminating data transferred from said first trunk

means.
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