MANUFACTURI NG SYSTEM W TH | NTRI NSI CALLY SAFE ELECTRI C | NFORVATI ON STORAGE
BACKGROUND OF THE INVENTION 5 This invention relates to a storage and

di spensi ng system for the storage and dispensing of liquids. In
Particular, the invention relates to a radio frequency identification
(RFID) antenna including an intrinsic safety barrier for use in a
Wazardous |iquid di spensing environnent. Certain manufacturing processes
require the use of liquid chemcals 10 such as acids, solvents, bases,
phot oresi sts, dopants, inorganic, organic and biol ogical solutions,

phar maceut i cal s, MAMNURALHIGRING XS TEMWITHINTRINSICAJL YSAFE di spensi ng systens

allow al ternative cont aERRCTRIO INEORMATIOOSTORAGE |iquid chenicals to a
manuf acturi ng process at a specified tinme. These containers include an

el ectric storage device tw&%ﬁﬁw R of each contai ner which
contains information abo%{\_ e ct e_n?lf:gﬁEstore l|\]nsi de the container. For
exanpl e, @ radio frequaRGwventib@nélités 6 atkionpe {ididispinsinddystyfop@e attached to
the container, the RFID tag including a place tor electric information

st orage such stesagaandedispensingcd linyidse rln gariauler, dreogyeaionaslass toeamdion] y nmenory

(EEPROV) and assi ve_radi equency (RF).transponder. The information on

20 the RFID t@&gqn%y'fli?gﬁ??ﬁ?’}(&%a’g%%ﬁ?‘é’%%@h‘nﬂf’f ¢ nt??”ﬁﬁfoé‘Wenna to, for

exanpl e, asspy z%%lih@@d%e%@g’hen%%meﬁ?" is being used at the proper tine
i nformati

and to access other i on the EEPROM The RF antenna is typically

in electrical comuniCeadin amudiictuingprazessgudgsire thd 8¢ diliqifciemlcdlsconnect ed to
the conputer. For a_ further description of this information storage
system d8e Puth aspcls, Fbyentsp bases) potieassie dqpants,oinag ot (rganicyandt at ., which is

e 0 RIS i DS A By AT T Dt e storeo
in a control | pdeRIAg abfend’ ARw ARMIWHVELontainers to be used to deliver liquid
chemicals to a manufacturing process at a specified time.
These containers include an electric storage device attached to the
15  cap of each container which contains information about the chemical stored inside
the container. For example, a radio frequency identification (RFID) tag may be
attachéd to the container, the RFID tag including a place for electric information
storage such as an electrically erasable programmable read only memory
(EEPROM) and a passive radio frequency (RF) transponder. The information on
20 the RFID tag'is typic—él]y in communication with an RF antenna to, for example,
assure that the proper chemical is being used at the proper time and to access other
information on the EEPROM. The RF antenna is typically in electrical
communication with a computer via an RF card connected to the computer. Fora
further description of this information storage system, see Pub. U.S. App.
25  2002/0189667, to O’Dougherty et al., which is herein incorporated by reference.
At times, chemicals used in manufacturing and production
environments are volatile, and must be stored in a controlled hazard area. 1n order
to allow the use of certain electrical equipment and apparatus (such as RFiD tags

and RF antennas), which could potentially cause ignition of the hazardous



to allow the use of certain electrical equi pnment and apparatus (such as
RFID tags and RF antennas), which could potentially cause ignition of the
hazardous Z substances, consideration nust be nade for safety and
protection against this ignition possibility. One nmethod of preventing an
expl osion caused by ignition of the hazardous substances is to nmake the
electrical equipnment intrinsically safe. The 5 concept of intrinsic safety
in electric process control systens is known in the prior art. Intrinsic
safety involves Iimting the electrical energy at potential sources of
ignition in electrical circuits (hot conponents and spark sources) to such
|l ow | evel s that even under abnormal (fault) conditions there is no
possibility sl ebmRkhfichahust 8O RREY ol Sy} hidOpratBetN RhAS M at mosphere. 10
In a liquid storage and di spensing system’including volatile |iquids, the
st or age cont ghitiex gossibility. be kept in a hazard area. Conventional systens do
not allow for electrical communication with the storage containers in the
hazard area. A | i qui‘encgnethod oéprsvrating a8 senienongausedkbyegniten of then i ntrinsical ly
safe electrigal ., co ni_catio stem woul.-d be. an .i ppr gvenent over

convent i onalﬁ ?S?“éﬁ%ma&"gs to %Mﬁiﬁ%@@%w@éﬁmﬁwﬁé gﬁeesent i nvention
i s a manuf actiabdpher ififslcely NedldeticDibodds SRR kbtemt ANBovANd 1R pAGIN- hazar d zone.
The systemincludes a storage device, located in the hazard zone, for

el ectri cal | yarstlotrinsigsaifaty invohees limiting Ta eleetsieat enangf atfotestial sourdesides a 5

conmmuni cation device, .also |ocated in the hazard zone, for storing

i nformation EBIMORAGleptacalIHls; WW??‘BH“*SP%HWES)%%@@cW&M ce. In the
non- hazard Z@lﬁ'ﬁgenaund Q%Feﬂl eafie) bohhiBnshefidl Ad foldibife BFHOLGRthon with the

conmuni cat i on Vi Cce.
energy igniting an explosive atmosphere.

10 In a liquid storage and dispensing system including volatile liquids,
the storage containers must be kept in a hazard area. Conventional systems do not
allow for electrical communication with the storage containers in the hazard area.
A liquid storage and dispensing system with an intrinsically safe electrical
communication system would be an improvement over conventional systems.

15



controller controls the system based on information read fromthe storage
device by the comunication device. To |imt electrical energy passing to
t.he 10 communi cation device, an intrinsic safety barrier [ocated in the
non- hazard zone is connected between the conmuni cati on device and the
controll er device. For exanple, the manufacturing system may be a system
for filling a container wwth a hazardous liquid. An electric storage
device is coupled with the container for electrically storing information
relating to the liquid stored in the 15 container. The system al so has a
wite device for storing informatipn to the electric storage device. The
- systemincludes a control unit, coupled with the wite device, for

control ling dispensing of ﬂU’I\@]HAﬁ Kg\lreservoi r and controlling
witing information to the electric storage evice. Finally, an intrinsic
safety barrier is cormegtsentibeitsrsamangicuring gsteiainchdingnlhzitie el ectric
storage device to limt electrical 20 energy entering the hazard zone. As

anot her exar‘rﬂp@ﬂ ang p Bornlipaad ee. uThcﬁLﬁFtﬁgsﬂgﬁlm maﬁqrag@ée‘acesgegatt@nn ther handling

hazar dous |i qui ndllng haz ds includes a
cont ai ner cagﬁ{ﬁ“gzo&? r}?foq?%ﬁ'ﬁﬁwé g °<5ma R QFeeSé’ ab% Bevice is
coupl ed wist h cofBgnieAioh aévfe@ralswcat@d lﬁ%hwalzbﬁé ot Qbrid g%ﬂnﬂfaﬁérﬂﬁt ton relating
to the liquid stored in th e contai ner. The systém al so has an antenna
for storing iand oeading mtfmrtanozaﬁotnnleamhrm devied olhntat h@rhabard moiehe el ectric
storage devi ce. The systemincludes a _mcroprocessor-hased controller,
coupl ed wi t h coreollgnis dhelertricplgomawpication with dhe C}QFW%EOHQGW {1 |i qui d based

Final 1y, an (e RcoabupE RGeBzie: b b abhRa PR e Se e Rike ant enna and
the control | ey he doinfukicibf detibs 2l ToCMBE FectfiBd SnbdP fabith rgh@zmad zone. In a
preferred enbodinent, the intrinsic safety barrier includes a plurality of
forward dénd Lﬁommumcaﬁipméwsze,(ao mirensit safety banpalocatdded thbmnviesnd Zoheiscont r ol | er
connected between the communication device and the controller device.
For example, the manufacturing system-may be a system for filling
a container with a hazardous liquid. An electric storage device is coupled with the
container for electrically storing information relating to the liquid stored in the
15 container. The system alsc has a write device for storing information to the electric
storage device. The system includes a control unit, coupled with the write device,
for controlling dispensing of liquid from a liquid reservoir and controlling writing
information to the electric storage device. Finally, an intrinsic safety barrier is
connected between the write device and the electric storage device fo limit electrical
20  energy entering the hazard zone,
As another example, the manufacturing system may be a eystem for
handling hazardous liquids. The system for handling hazardous liquids includes a
container capable of holding a liquid. An electric storage device is coupled with
the container for electrically storing information relating to the liguid stored in the
25  container. The system also has an antenna for storing information to and reading
information from the clectric storage device. The system includes a

microprocessor-based controller, coupled with the antenna, for controlling

processing of the liquid based on information read from the electric storage device



5 and ground, typically arranged in a multiple redundancy confi guration.
The intrinsic safety barrier preferably further includes a fuse connected
in series with the plurality of forward conduction diodes to prevent
overloading the plurality of forward conduction diodes and to limt the
amount of power passed into the hazard zone. A plurality of bl ocking
capacitors may be connected in series with the 10 controller and the
antenna to bl ock a DC conponent of the signal coming fromthe controller.
Further, at |east one resistor nmay be connected in series with the
controller and the antenna to suppgess transient voltage surges at the
antenna. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows a filling system
for 11111 NG Gy Kingth o iftinkbatley bafticr REonfiMERbEt bRz ahttil! d according to
t he present invention. Fl 2 shows a system according to the present

i nvention f orandtiecomeg]ler tdlirdit slpeital angrgpentkripg the Bazaidagnevol atil e or conbusti bl e
liquids. FIG 3 shows a schematic view of an_intrinsjc safety barrier
according to the presédht Pieipahembodimegt, thomtaysicspeipbamny melpdosaFl G 1 shows

filling syste faor filling a.container. wt vol at i | or combusti bl e
aui o gyt e D abE e Rl Bt B ol ar a  zone 12
separ at ed sby a%lf%’t’dﬁﬁ&ﬁfbi@ﬂ?h@ﬁ%&@iﬂ Aahitipld fduddanch Qonfvadasd zoge 11, filling 5
system 10 i ncl udes m Croprocessor-based control unit 14, wite device 15,
and i ntri nsiiotrisad sfeyy Yaeter preferably further ihduday aifugecnoanet@d infsedidsiwiy syst em 10
includes liquid reservoir, 17, confainer 18 and cap 20. Control unit 14 is
el ectrical |y Bepiwality abfopygrd %F@‘F%D“&&?F%%Pff@nhwaﬂqaﬂﬂgﬂﬁ P}“?ggfq}coi r 17. Control
unit 14 is pr G - : m and wite
GO L a8 LS, DUk n AR A8 BFR Ao RSB BIRAAE 8K ke

zone. A plurality of blocking capacitors may be connected in series with the

10 controller and the antenna to block a DC component of the signal coming from the
controller, Further, at least one resistor may be connected in series with the

controller and the antenna fo suppress transient voltage surges at the antenna.



10 frequency (RF) card connected to the m croprocessor-based conputer
system Liquid reservoir 17 is in fluid comuni cation with container_18.
Cap 20 includes radio frequency identification (RFID) tag 22. RFID tag 22
includes an electrically- erasable programmble read-only nenory ( EEPROV)
and a passive RF transponder. Wite device 15 is capable of witing to
-RFID tag 22 on cap 20 via RF 15 antenna 24. Intrinsic safety barrier 16
(described in detail below) is connected between wite device 15 and RF

antenna 24. In operation of filling system 10, control unit 14 regul ates
di spensing of liquid fromliquid Sseservoir 17 into container 18. Typically,
filling system 10 includes a plurality of liquid reservoirs 17 connected

to control unit 14. 20g{iFatDHESERIFOON OPITHEDRAVINGYpi cal |y regul ates
di spensing of a plurality of liquids into a plurality of containers 18.

The 1iquids di spensedFifar bshoivi gfiilivg systere for filling 4 Jongairer witlypvataild y di spensed for
use in a manufac utin? process, and ng%,include aci ds; solvents; bases;
phot or esi st s9F ABRUsHblE Nayidacerding to thegueseihingentighd bi ol ogi cal sol uti ons:

pharmaceutical s; and IEI@% S(Bg‘gﬁtﬂifysgﬁrl}gﬂlag)%gffgﬁ%lﬁ%vfé%%ﬂ%}ﬁigﬂBgséé’ﬁﬂl ustration, a

single liquid 25 reservoir 1 contar ner are shown. To

begi n opey at Higgngig dnil blobd3@nSuosdiRBr dodhbugibRigEls. Uni t 14 sends a signal to
liquid reservoir 17 instructing liquid reservoir 17 to begin di spensing
liquidinto containerFIE83 shpejuedcheawler view rof 21 infonsid safely bairispensi ng i quid
into 7 containgr 8 until .container 18 is filled to an appropriate |evel.
After contai fEPrOHg o epreseRtinygation; q i d reservoir 17 (or a sensor

el ectrically associated with liquid reservoir 17 and contai ner 18) sends a
signal to control unit 14 indicating container 18 is full. Control unit 14
then sends a signal to liquid reservoir 17 to stop dispensing liquid 5 into
container 18. Preferably, the connection between control unit 14 and liquid
reservoir 17 (or the sensor electrically associated with liquid reservoir
17 and :




container 18) is designed to be intrinsically safe. After container 18 is
filled, control unit 14 sends a signal to wite device 15. This signal
contains information about liquid contained in liquid 10 reservoir 17.
Wite device 15 subsequently prograns the EEPROM contained in RFID tag 22
with information received fromcontrol unit 14. Wite device 15

communi cates wwth RFID tag 22 on cap 20 via RP antenna 24 using RF

transm ssions. In particular, RF antenna 24 and RFID tag 22 are

el ectromagnetically coupled when in close proximty, generating power i
RFID 15 tag 22 for progranmm ng ands data storage. Information programed to
RFID tag 22 includes, for exanple, the type of |iquid dispensed into

container 18 fromliquid reaserAeEn DEICRIPIEONT Oducer of the liquid
contained in liquid reservoir 17, the date of filling of container 18 with

liquid fromliquid reEE}.\telilawsﬁIli,ngS)dalemd&foeﬁﬂiﬁgmmhmaniithmvolatilet he l'iquid

contained in cont al n}%r, 18, _and sim| ar ugsefu formati on. Once 20
cont ai ner 18 ORepmbygtibls liqpidy EiYmg systepsp Oct B OB 14 Zﬁ@éﬁﬂ?‘b‘{j‘ﬁi@rned by wite

devi ce ontainer 18. It
shoul d be nofZ @% ﬁgﬁa'[%teﬁzﬁf%b@ gml?‘%&tﬁ‘g %)]Z 321? m?l pf@a amed by wite
devi ce 155af ts?é’tenpﬂpmaﬁdes'nﬁcr@;ﬁ@déés&%a@dﬂtc@ntfb@ﬂﬁlﬁlmerteomm g 48 1N a

preferred enbodinent, cap 20 is threadably connected to 25 contai ner
openi ng 23 ofintgusist safetycharttg16, Cahaz6l 2oy | Zalfifiog bptesetlindades tigwd cont ai ner

vhouun seal FgEH S0 1 OAPIONEITBHETAG BSCATR ETHEHG of Securi ng
cap 20 ONto GANLARACTs QPR A%&va?@ﬁndgogeﬂaas PPPRERERS, Of the |iquid

cont ai ned in contai ner ter cap een secur ont o cont ai ner
18, cont ai nemmiddpro@ssbi-Guoain0 Fae} system, andovrdEdR e NDis PlefkBMardfio | Ndi cat ed

above, the liquid dispensed fromliquid reservoir 17 to

10 frequency (RF) card connected to the microprocessor-based computer system.
Liquid reservoir 17 is in fluid communication with container 18. Cap 20 includes
radio frequency identification (RFID) tag 22, RFID tag 22 includes an electrically-
crasable programmable read-only memory (EEPROM) and a passive RF
transponder. Write device 15 is capable of writing to RFID tag 22 on cap 20 via RF

15  antenna 24. Intrinsic safety barrier 16 (described in detail below) is connected
between write device 15 and RF antenna 24.

In operation of filling system 10, control unit 14 regulates
dispensing of liquid from liquid reservoir 17 into container 18. Typically, filling
system 10 includes a plurality of liquid reservoirs 17 connected to control unit 14.

20 Thatis, control unit 14 typically regulates dispensing of a plurality of liquids into
~ a plurality of containers 18. The liquids dispensed from liquid reservoir_l? are
typically dispensed for use in a manufacturing process, and may include acids;
solvents; bases; photoresists; dopants; inorganic, organic, and biological _solutions;
pharmaceuticals; and radioactive chemicals. For ease of illustration, a single liquid

25 reservoir 17 and a single container 18 are shown.

To begin operation of filling system 10, control unit 14 sends a
signal to fiquid reservoir 17 instructing liquid reservoir 17 to begin disﬁensing

liquid into container 18. Liquid reservoir 17 continues dispensing liquid into



container 18 in filling system10 is a volatile or explosive liquid. As the
liquid is 5 dispensed fromliquid reservoir 17, a vaporous environnment of
vol atile or explosive liquids nay be produced. The vaporous environnent is
capabl e of producing an explosive or ignitable atnosphere. This
necessitates storing liquid reservoir 17 and container 18 (typically al ong
wth other liquid reservoirs and containers) in controlled hazard zone 12
behi nd expl osion protection wall 13. Furthernore, in 10 order to allow the
use of RFD) tag 22 in hazard zone 12, consideration nust be nade for

- safety and protection against the gossibility of ignition, since this

el ectrical equipnent could potentially cause ignition of the hazardous

substances.  {dhtapRf 18 atl Bhtain& QB &iMUET Bhh HPropliid IeRE oY BMtARr{g M ting
el ectrical energy at potential sources of ignition in electrical circuits

(such as cont isdilledahquid réstrvaindi7 for 4 seesontdeeiricaly 16)cidl with liguid tesdronir | evel s t hat
even under abnornal (fault) conditions there is. no possibility of the

el ectri cal engf"&g‘g?%"f mﬁf)ngﬁr?S@!&;F%g?t(?é““&tlﬁﬂélﬁﬁ@ﬁéo’it%mﬁhgz‘&%- zone 12. To
limt electri r ' I, OF [ ' ite device 15
i n non- hazar dégrlggg%?llgﬁgﬂ E@wair}?%%lﬁgﬁﬂfﬁﬂ %ﬁ&msﬁgéﬁﬁﬁﬁ%ﬂﬁgard zone 12,

i ntrinsic saf gitocol@mer 181 Piferdbly, tho baactiebebRlelemboMnitti® afteNduile 15 and RFID
tag 20 22. Intrinsic safety barrier 16 is typically nmounted in a package

capabl e of befeggvoirat’: (ot the denser adectrisallytassogiatedimith liguid mesersoinDid ( Deut sches

Institut fur Normung.e.V. il,.to facilitate nounting of nultiple

intrinsic saf W%&%@f%ﬁ@%f&ﬂwwfwﬁe device 15 and for sinple

access 10 the el ectri Coher QMRS 18 RRIROLANS uif 14 Bhid I\3he) B3LRLy  barfier 16.
te device

Intrinsic safety barrier 16 is connected to wi and RF 25

antenna 24 wi #dvick rianshisssgnancdniaine Snfortiagont dbhawtSiyuidSdomainkd eligihnected to RF
antenna 24 is electrically shielded such that it is intrinsically safe and
passes t htbugisereip?odrishdgvice i twbseaentiyenrosrans thg BEPROM paataingd fui ci ent | y seal ed

2;8:]3& E,Eepﬁ g?glﬁ?ag gi \%ﬁh ﬂrlftir%_%tit}flﬁgcrgglietp El'gl;l @onttr%FurEtr Iq[ ew:tigc%gvi x gvi ded by
communicates with RFID tag 22 on cap 20 via RF anfenna 24 using RF
transmissions.  In particular, RF antenna 24 and RFID tag 22 are
electromagnetically coupled when in close proximity, generating power in RFID

15 tag22 for programming and data storage. Information programmed to RFID tag 22
inciudes, for example, the type of liquid dispensed into container 18 from liquid
reservoir 17, the producer of the liquid contained in liquid reservoir 17, the date of
filling of container 18 with liguid from liquid reservoir 17, the date of expiration
of the liquid contained in confainer 18, and similar useful information. Once

20  container 18 hasbeen filled and RFID tag 22 has been programmed by write device
15, cap 20 is secured onto container'opening 23 of container 18. It should be noted
that RFID tag 22 may be alternatively programmed by write device 15 after cap 20
is secured onto container opening 23. '

In a preferred embodiment, cap 20 is threadably connected to

25  container opening 23 of container 18. Cap 20 may also be secured onto container
opening 23 by, for example, snapping cap 20 onto container opening 23 or vacuum
sealing cap 20 onto container opening 23. The method of securing cap 20 onto

container opening 23 depends on the properties of the liquid contained in container



architecture of intrinsic safety barrier 16 is described in nore detai
belowwth regard to FIG 3. FIG 2 shows system 25 according to the
present invention for storing, dispensing and processing volatile or
conbustible liquids. System 25 5 includes non-hazard zone 26 and hazard
zone 28. Non-hazard zone 26 and hazard zone 28 are separated by expl osion
protection wall .29. System 25 includes container 18 for storing the
wvolatile or conbustible liquids |ocated in hazard zone 28. The |i quids
stored in container 18 are typically dispensed for use in a manufacturing
process. Container 18 typically 1@ is filled with liquid at a filling
facility, such as filling system 10 shown in FIG 1. Cap 20 is secured on

the top of contgidep 28 Bashbensfrell bitBcotainkd 18] oMGin@NFisth@RPHRRA (PN cont ai ner 18
t hrough transportation and during dispensing of liquid in hazard zone 14.

Cap 20 has REpbctssigg g8emt t ached to it, which is progranmed with information
about the liquid in container 18. 15 \Wen cqntainer 18 i.s_situated in
hazard zone 28, conneCt¥Hfc @@%Ve:thélﬂﬁﬁ\é\gﬁpqlﬁ?ggaﬁl‘ﬁﬁdﬁﬁﬂv%@ﬂﬂ%i ner 18.

Connect or 30 c&n?a%ep ?33% g‘ﬁgé %Tteﬁﬁ%qs g’\?ogagg%i %xp%)%i??@&u?{i Ahe lﬁ@@% or tube 36, and

probe 38. Adaptor S connec adaptor and to a punp

(not shown) . dipunse Gbmliq@OrebedvordNiaivgpsforckntitontient of vtlaGilcopipREied Wi th cap 20.
To interconnect connector 30 with cap 20, probe 38 20 is inserted into

cont ai ner 18 lighdsouaytve produczd . Tieonpdrove enyirpresstis capalde ofquedueiog ar 30 al | ows
connector 30 to be nov i medi at el y adj acent c¢ap.,20, Prqbe 38 is then in
communi cat i Oﬁxg?astmortlg{gtgﬁmt@pquqre. hﬁ’sgﬁﬁ?}ﬁ%ﬁétpmfglﬂ&lﬂ@éﬂ%rrﬁ@%e 36 and port

adaptor 34 ewgﬂ&ga %{aiic@wegmg%ﬁ@& erflfqglg]rlEs}Sa ofr@&ﬁf{:o‘?lfaix{%k?]%{)“t ainer 18 (via

probe 38) to onnect or properly connected to cap 20

and cont ai netontBlledthagarPion® LA ehing efpiiRiab bBtettion Al B NBurthB@ndrd, gli d i n cont ai ner
18 through port adaptor 34 and adaptor tube 36 to a manufacturing process,
such as fthe pulbrtp glavi avssfof RENR@E 2t mdazard zone 12, consideration must be -

made for safety and protection against the possibility of ignition, since this

electrical equipment could potentially cause ignition of the hazardous substances.

In particular, consideration must be given to limiting electrical energy at potential

sources of ignition in electrical circuits (such as control unit 14 and write device 15)

15 tosuchlow levels that even under abnormal (fault) conditions there is no possibility
of the electrical energy igniting an ¢xplosive atmosphere in hazard zone 12.

To limit electrical energy flowing from control unit 14 and write

device 15 in non-hazard zone 11 to RF anterna 24 and RFID tag 22 in hazard zone

12, intrinsic safety barrier 16 is connected between write device 15 and RFID tag

20 22. Intrinsic safety barrier 16 is typically mounted in a package capable of being

attached to a mounting rail, such as a DIN (Deutsches Institut fur Normung e.V.)

rail, to facilitate mounting of multiple intrinsic safety barrers relative to write

device 15 and for simple access to the electrical connection points of intrinsic safety

barrier 16. Intrinsic safety barrier 16 is commected to write device 15 and RF

25  antenna24 with transmission lines. The transmission line connected to RF antenna

24 is electrically shiclded such that it is intrinsically safe and passes through

explosion protection wall 13 via a hole sufficiently sealed around the transmission

line to maintain the protection provided by explosion protection wall 13. The



circuits. 10 In order to control dispensing and processing of the liquid
in container 18, user-interface 40 is provided in non-hazard zone 26. User
interface 40 includes touch screen 42, m croprocessor-based control unit
44, bus control unit 46, comuni cation bus 48, and read/wite device 50.
Touch screen 42 is connected 5 to control unit 44. Control unit 44 is
connected to bus control unit 46, typically via an Ethernet cable or other
serial comuni cations cable. Control unit 44 also receives input fromthe
manuf acturing process. Bus control unit 46 is connected to read/wite
device 50 via communication bus 48 Touch screen 42, control unit 44, bus
control 46, and communication bus 48 are preferably incorporated in a 10

i Ccr opr ocess afchtRReofGRITRY BfetytMiLT0 id Bt (Mhére Qedievdiaewh® 1S preferably
a RF card connected to the mcroprocessor-based conputer system Intrinsic

safety barriregardi¢Fi(déscribed in detail below) is also placed in non-hazard

26, and d_bet ad/write d 50 RF ant 32.
Transri 5si on I?nec‘é?”?f@mﬁ&s@éﬁfa Ginelte babpRert 6aH01 6 50 and

ntrinsic saflie BALERE akforodithe Bl an ARSYDIRS shdeh 95 connect ed

bet ween intrinsi fet I’I er 16 an ant en ransm ssion |line

62 suppli &s mmmésm&hammmmwdmaz& iNen-Bizardtzom 28 hdblsizads from
read/ wite device 50. In system 25 connected as shown in FIG 2, connector
30 conmuni catze@Z\&ateﬁem@bva@loz@nmte@%wzbm a RF antenna 32 using radio
frequency transm ssio

t RFI D 22
20 el ectromagneti cal | gy%%gﬁ 'gghﬁ}d%r‘fmﬁﬂﬂcél gs $ﬁ$et vg}&g%ﬁ’érat |t ﬁg pomgiei n

RFI D tag 22 chghusloeduiiidched m@lm zaﬁe%a%nqaaﬂ@st&l@aﬁcaﬁalﬁdrwa' For
sinmplicity of illustration, FIG shows a single connector 30 connected

to comuni catarajypxdall}sdm;ﬁnseﬂ\fmuughn armdﬂawmmigprod@w (@omtabier 18Itypically ypi cal  system
% PLUrETGY S8 fifd Witbfiqui€ar  Riiog iy ioh o g ysier 10 shows a FIG.1. o 0" 0S4
Cap 20 is secured on the top of container 18 at the time of filling and remains on
container 18 through transportation and during dispensing of liquid in hazard zone
14. Cap 20 has RFID tag 22 attached to it, which is programmed with information
about the liquid in container 18, |
15 When container 18 is situated in hazard zone 28, connector 30 is
coupled to cap 20 and container 18. Connector 30 includes RF antenna 32, port
adaptor 34, adaptor tube 36, and probe 38. Adaptor tube 36 is connected to port
adaptor 34 and to a pump (not shown). Connector 30 is configured to be
interconmected with cap 20. To interconnect connector 30 with cap 20, probe 38
20 isinserted into container 18 through cap 20. Continued pressure on connector 30
altows connector 30 to be moved immediately adjacent cap 20, Probe 38 isthen in
communication with the interior of container 18. Adaptor tube 36 and port adaptor
34 provide a liquid passage from the interior of container 18 (via probe 38) to the
pump. When connector 30 is properly connected to cap 20 and container 18, the
25  pump is capable of pumping the liquid in container 18 through port adaptor 34 and

adaptor tube 36 to a manufacturing process, such as the fabrication of integrated

circuits.



25 each read/wite device 50 connected to different connectors 30 coupl ed
with containers 18 containing different |liquids. Containers 18 are
typically situated in a plurality of drawers. Each drawer contains a
"plurality of positions, with each position configured to hold one
container 18. In operation of user-interface 40, 11 each of containers 18
ts graphically displayed on touch screen 42 in its correspondi ng drawer
and position within the drawer. For exanple, in a system having two
drawers and four positions within each drawer, container 18 positioned in
t he second position of the first dpawer is graphically displayed on touch
screen 5 42 in the second position of the first drawer. \Wen connector 30

is matched properly WBﬁeﬁﬁ%ﬁ&d?%EsFéﬁn%% g@@e@sﬁ%@@m@g@m)m the graphic
representation of container 18 on touch screen is displayed in a first

col or, typi cabityingn&eser-infdrfase 40 inptbdded ésnondamn opeltatiber imtdice t he 11 qui d
contained in container, 18 is ready for_ di spensi_trr}@ to a process and, upon
oper at or i ni t Beludss toughsqrepiyt2, misroprogsssog baserconirad i) bug gontrgl vplhe punp to begin

di spensi ng (i .CON | ‘ %! . nversely, if
connect or 30 4?’?@%@3@2‘8‘?@%&%@&% y yﬁ H&gyﬁ{oal n ]f%%%ls(c gon%atgicri bed above),
the graphkc reRnesamt /L Comrdinid i caindféd 1d BuiseshiboPinfls SHi@Bywvigd2 | s di spl ayed
in a second color, typically red, and a warni ng nmessage appears on touch
screen 42. ThiEtheineticabletce othensetillecompenications dablat Cohteol uhigdé dliscont ai ned i n

container 18 will .not . 15 di s&gnse to a ocess until the msmatch is
corrected. \WAERVEsdPubfrom theppanpfactirmg ppoese Bus gontrobwnitd6 dycomnestih| e, when

container 18 lﬁdc %ao?wmg MQV’E%EQ gitagﬁﬁﬁﬁﬁc% nrbﬁg%\./f}%%cl%gg%&i ﬁeuronﬂ'(ﬁ uBi'i omits

position. To screen hen graphic ays’' contal ner 18, al ong

with the drawerbysusiel 4GRe0 coa@iinichtdh b MBes proferablo iodipofted 182 The operator
t hen exchanges container 18 for a 20 new contai ner, and coupl es connect or

30 with tlfie musopsenasser-hased computessystera,@ndreaddmite degicpdlismieferally oler |y with the
new cont ai € eded %lorlmecctgdn tto%ilenl?lfmsop%zeessocrj-ibgsgtl & mepgltep snystter?ll.J Clpltrinsic'safety
barrier 16 (described in detail below) is also placed in non-hazard area 26, and is
~ connected between read/write device 50 and RF antenna 32. Transmission line 61
is connected between read/write device 50 and intrinsic safety barrier 16, and
15  transmission line 62 is connected between intrinsic safety barrier 16 and RF
antenna 32. Transmission line 62 supplies power to RF antenna 32 via the RF
transmissions from read/write device 50. In system 25 connected as shown in FIG.
2, connector 30 communicates with RFID tag 22 on cap 20 via RF antenna 32 using
radio frequency transmissions. In particular, RF antenna 32 and RFID tag 22 are
20 electromagnetically coupled when in close proximity, generating power in RFID
tag 22 for programming, data storage, and data retrieval.
For simplicity of illustration, FIG. 2 shows a single connector 30
connected to communication bus 48 through read/write device 50. In a typical
system, a plurality of read/write devices 50 are connected to communication bus 48,
25  each read/write device S0 connected to different connectors 30 coupled with
containers 18 containing different liquids. Containers 18 are typically situated in

a plurality of drawers. Each drawer contains a plurality of positions, with each

position configured to hold one container 18. In operation of user-interface 40,



screen 42 in the first color. If connector 30 is matched inproperly with
the new container, the new container is displayed on touch screen 42 in
the second color and a warning nessage appears on touch screen 42. 25
Touch screen 42 also allows the operator to choose froma variety of
operations using RFID tag 22. Each operation is selectable froma button on
t.ouch screen 42 which corresponds to each operation. For exanple, an
operator may view information stored on RFID tag 22 about |iquid contained
in container 12 18, record information to RFID tag 22-about liquid in
contai ner 18 (such as when the liguid is installed into its proper drawer
and position, the shelf life of the liquid, what process the liquid is

used in, whenekfi ol dofidngls 13 §SGMANAIRIBEESA. ol Nl Ny B pd e T1auid i s

used in a process, etc.), or € e pr for dispensing liquid 5 from

cont ai ners 18corth@ndipedrav® and wsitbe within the BtatvEo Foodxample,dh a S@fcgen 42
correspondi ng to a desired operation, Touch screen 42 sends the sel ection
nmade by the biyégavotawess 2 ournobitionsmthiagich diawerrcontainerilf pesifionetbsequent | y

commands bus caoptrol . unit 0, perform.the selected operation. The

sel ected oper H]theoﬁchngp?fQWBﬁﬁ’Eé‘fﬁg TS gygphi ﬁ%@'ﬁ‘llayf‘* ORISR EY on t ouch
screen 42.5 104AF B0 s L5AMRkiBon bBe QREEAVQ! VWIR di52300i0 ndl i nformation
stored on RFID tagSZZ ;mkt;()lu?nf’i q%iﬁ Wcont a?‘rﬁgrﬁél& O'I'lﬁg}éocgéé&r ator first
pushes the buphpanly with dooinkr Bopedsscribed shove)cthe graphit eepiesentatibis ofoper at i on.

Touch screen 42 sends this selection to control unit 44. Control unit 44
t hen commands caytanes Branteiich sprgen 426 displayedinadisss calgr) typicadly green. okhiscont ai ner 18.

To access RFID.,t trol. unit 46,15 sends.,a.siagnal al ong
communi cat i ohB_glﬁg%_Af@%f'é’B%tgF &@a{h? \L‘\ﬁlrl{%o_“%’\g/? (‘;newg@g]g%ﬁﬁgre%ﬁafﬁ ‘tag 22. In
FIG 1, _ Comupikeadin GaﬁH&sfhﬁd,ﬁﬁﬁ%erﬁoﬁhﬂﬂ%ﬁ, cbﬂro[ﬁﬁ&%‘é\!n& @sigiil;@IV' ce 503

Read/ wite device 50 then accesses RF antenna 32 via transm ssion |ine 62.

Next, RFl@ant erthepudd td beginsiivptrsing (vid thrxahnettionRibeled PABPZONTROL)si gnal is
recel ved by t Egnversely, if connector 30 1s matched improperly with container 18 (as described
above), the graphic representation of container 18 on touch screen 42 is ldisplayed
in a second color, typically red, and a warning message appears on touch screen 42.
This indicates to the operator that the liquid contained in container 18 will not
15  dispense to a process until the mismatch is corrected. |
When container 18 needs to be replaced (for example, when
container 18 is empty), the operator removes container 1§ from its position. Touch
screen 42 then graphically displays container 18, along with the drawer number and
position number of container 18. The operator then eichénges container 18 fora
20 new container, and couples connector 30 with the new container. If connector 30
is matched properly with the new container, all containers are displayed on touch
screen 42 in the first color. If connector 30 is matched improperly with the new
container, the new container is displayed on touch screen 42 in the second color and
a warning message appears on touch screen 42. |
25 Touch scre;en 42 also alléws lthe operator to choose from a variety
of operations using RFID tag 22. Each operation is selectable from a button on
touch screen 42 which corresponds to each operation. For example, an operator

may view information stored on RFID tag 22 about liquid contained in container



passi ve RF transponder contained in RFID tag 22. The signal activates RFID
tag 20 22 and the requested information is accessed fromthe EEPROM
contained on RFID tag 22. The requested information is then read fromthe
EEPROM by the transponder, and the transponder transmts the information
back to RF antenna 32 in the formof a RF signal. RF antenna 32 then sends
the RF signal containing information to read/wite devi.ce 50 via

transm ssion line 62. The information is 25 converted to digital signals
and sent al ong comruni cation bus 48 to bus control unit 46, which in turn
sends the information to control upit 44. Once received by control unit
44, information about the liquid in container 18 is displayed on touch

screen 42. 13y A%d iRBikAbee REIOWE 22 hHdG: givid i IRtaBErARGhcl 4 wiRAT @i ner 18 in
system 25 are volatile or explosive liquids. As the liquid i1s dispensed

from cont ai nelre lifj&id isanstaliedioto asiprogendrawe amigogitionf thysiklitifeb&holiqualpl osi ve | i qui ds
may be produced. The vaparous .environment, i s capabl e of producing an
expl osi ve or Whgtireesssithe liguid issed im aiben thepiguid igwsedia aposese oW aBER ng cont ai ner 18

(Lot cally, 25eRgihd b B SRR Bl Rap RSP 1 2

behi nd expl osi on ction to allow the

use of RFED thag dhapee T ané epidordRudhts MB2aleh of @RRh 2Beaft @NSi derati on must
be made for safety and protection against the possibility of ignition,

since this elcemaspinding oagesinphaparationo lipush progewsit serds Lhy selestieremad® by gni ti on of the
hazar dous substances. | articular,.consideration t be given to
limting ele eppggtpﬁgwg&%l@m&{i ﬁ?ﬁ“@h{“}@‘&@%%&@§°@#’aﬁlr%ﬁvst°P%w in electrical
circuits (such: i ; . . 44, bus
control 46, §Elé4@§g%?’\;\ﬁﬁ Fh'f %tl &%@%@g&@@@%@@&é&ﬁ@h@@% eéve eg’q%at even under
abnor mal (f aytetrysult Griikplayedng tdubleseeed 42. No possibility of the electrical

energy i %n ting an exﬁ)\ls(a?nsfiax\;r(ral at nrosphere in hazard 15 zone 28.

ple, the operator may desire to view information stored

on RFID tag 22 about liquid in container 18. The operator first pushes the button

on touch screen 42 corresponding to this operation. Touch screen 42 sends this
selection to control unit 44. Control unit 44 then commands bus control unit 46 to

access RFID tag 22 on container 18. To access RFID tag 22, bus control unit 46

15 sendsasignal along communication bus 48 to the read/wnite device accessing RFID
tag 22, In FIG. 1, communication bus 48 sends a signal to read/write device 50.
Read/write device 50 then accesses RF antenna 32 via transmission line ‘62. Next,

RF antenna 32 transmits a signal to RFID tag 22. The signal is received by the
passive RF transponder contained in RFID tag 22. The signal activates RFID tag

20 22 and the requested information isﬂaccessed from the EEPROM contained on
RFID tag 22. The requested information is then read from the EEPROM by the
transponder, and the transponder transmits the information back to RF antenna 32

in the form of a RF signal. RF antenna 32 then sends the RF signal containing
information to read/write device 50 via transmission line 62. The information is

25 converted to digital signals and sent along communication bus 48 to bus control
unit 46, which in turn sends the information to control unit 44. Once received by

control unit 44, information about the liquid in container 18 is displayed on touch

screen 42,



To limt electrical energy flowng fromuser-interface 40 in non- hazard
zone 26 to RF antenna 32 in hazard zone 28, intrinsic safety barrier 16 is
connected between user-interface 40 and RF antenna 32. Intrinsic safety
barrier 16 is preferably attached to read/wite device 50 external to
user-interface 40. Intrinsic 20 safety barrier 16 is typically nounted in a
package capable of being attached to a nounting rail, such as a DIN rail,
to facilitate mounting of multiple intrinsic safety barriers relative to
user-interface 40 and for sinple access to the electrical connection
points of intrinsic safety barrien3l6. Intrinsic safety barrier 16 is
connected to read/wite device 50 with transm ssion line 61 and to RF

antenna 32 25 with trapmdicsed Hovd, thoBquRi storbll ANtSRMkin&T 10 dybterg 262, which is
electrically shielded such that it is intrinsically safe, passes through

expl osi on pr ereaolailenr explosiva quidsa A this difjeid isslispdnpasi fromt doptainelSeal ar ound
transm ssion |line 62.to i ptain the protection provide expl osi on
prot ection waerops 6‘.“’“?2‘“‘;‘{%’Eiwﬁ%‘ﬂes?fo‘?ﬁglgﬂvesl&’i@ﬁﬁlay(%e \?r%lweg-r lg%/] intrinsic
safety barri ardi.ng:.t I LNV, Fan,.. Lntrdinsic safety
barrier 16 i gﬁpgéoﬁﬁgﬁlﬁg{ etgt ﬁe%ﬁmp\;\ﬁo?tpgﬁg@\ﬁ ('%12 eﬁl@%ﬁdm atrré\%lé;nna 24 in

filling syst amoifhereaThishrtossians siarag/costhinee 13 dopitally afodg anilh difer ant enna 32 in

| iquid handling system 25. For ease of explanation 5 of intrinsic safety
barrier 16 i momaigrs)3n copvplled haead gane 28 behivdl explasipmptoteetionewallc®. 50 wi || be
collectively referred t s.an." "oan nt enna 24 and RF antenna
32 wll be ggﬁegmrf,%qr&rﬁ)ea}lw Wsasef’@?@@ *%&El“%}%&fﬁﬁgm 4 v i nsic safety
barrier 16 inel HdQsddeARS RS R M mAde"6r SR [ rical

conmuni cat i or% with trhseeRF card, andg transm'%g{: gtnegﬁnn a@%)tﬁ‘ﬁéect or 66 to
connect W t h podamiliRFofighiom aince tig elevsricel chbipsiaft ebyld petentiatly case al so i ncl udes
fuse 70, banks, of diodes 72, 74, and 76, DC bl ocking capacitors 80a and
80b, resil8t ongngimn offpghagirénus snbiengeso dn patiean@nsidpEptionmpst begivedhed to an

appropriate gr aundheBOLMnered Aot ARl SR A E it il SeGOANGELR B Lransm ssion
as user-interface 40 components control unit 44, bus control 46, and read/write
device 50) to such low levels that even under abnormal (fault) conditions there is
no possibility of the electrical energy igniting an explosive atmosphere in hazard
15  zone28.

To limit electrical energy flowing from user-interface 40 in non-
hazard zone 26 to RF antenna 32 in hazard zone 28, intrinsic safety barrier 16 is
connected between user-nterface 40 and RF antenna 32. Intrinsic safety barrier 16
is preferably attached to read/write device 50 external to user-interface 40. Intrinsic

20 safety barrier 16 is typically mounted in a package capable of being attached to a
mounting rail, such as a DIN rail, to facilitate mounting of multiple intrix_lsic safety
barriers relative to user-interface 40 and for simple access to the electrical
connection points of intrinsic safety barrier 16. Intrinsic safety barrier 16 is
connected to read/write device 50 with transmission line 61 and to RF antenna 32

25  withtransmission line 62. Transmission line 62, which is electrically shicldéd such
that it is intrinsically safe, passes through explosion protection wall 16 via a hole
sufficiently sealed around transmission line 62 to maintain the protection provided

by explosion protection wall 16.



| i ne connector 66, and banks of diodes 72, 74, and 76 are connected to
ground lug 90. 15 Fuse 70 is connected in series wth banks of diodes 72,
74, and 76. Fuse 70 is provided to prevent overloading of diodes 72, 74,
and 76, which would result in failure of the diodes. Fuse 70 typically
allows a continuous flow ofcurrent of 1,7 tinmes its rated breaking current
and preferably has a rated breaking current of 0.35 A Furthernore, in
order to quickly limt the amount of power passed into 20 the hazard zone
(hazard zone 12 in FIG | and hazard zone 28 in FIG 2) in the event of a
fault, fuse 70 is a fast-acting type fuse. Banks of diodes 72, 74, and 76
areconnected in parallel with respect to each other, and provide a

shunt - di ode safety barFfG%(ﬁl@ﬁsJ%ﬁ&ﬂaﬂ@%ﬁw%%%@h?rin@i@rsﬁ%ﬁrbaé r 16 The diodes in

banks of diodes 72, 74, and 76 are prefera orwar d”conducti on 25 dirodes.
Banks of di odesordihg tofHe prasad indéntian. dntrinsitsafdigbiria 6 13 comnadtedbByvebaul t current is
split between themand such that failure of one bank of di odes does not

fault out thewnistdeupe Fad BErmisnnsi2ddn Bliagsysten 46, and heiweenaraditiriteies 72, 74, and

76 are infallipb] 2ct ed such .that.. th npot be. sinul.t aneously
di sconnect ed 8%6%5?%@?%?‘@6%’?321 lq‘fgﬂanglfngfﬁé@nﬁorﬁse_8%65%1@1?.&"_”1_t shoul d be
noted t hats f Ubtil@ihsid GREDIHBCNS il BB e wite Qithcd $5hnd RMd/daRidBEe3d il | onal banks of

di odes. The di odes in banks of diodes 72, 74, and 76 are.preferably forward
conducti on di beedleativtlnreferioditolas an ‘R¥gariasd R anehna246nd/RF Buuennang oper ati on, of

L n 2 S oA il ] andh g ik m2s, e shane] Which
[0S £20' 3P Bt s bR gl e 20, Of | oo
e b osodtaudSni ot sapet s pont P g v 1
10 safety barrier 16 also includes fuse 70, banks of diodes 72, 74, and 76, DC blocking
capacitors 80a and 80b, resistor 85, and ground lug 90. Ground lug 90 is attached
to an appropriate ground point, and transmission line connector 65, transmission
line connector 66, and banks of diodes 72, 74, and 76 are connected to ground lug
90.
15 Fuse 70 1s connected in series with banks of diodes 72, 74, and 76.
Fuse 70 is provided to prevent overloading of diodes 72, 74, and 76, which would
result in failure of the diodes. Fuse 70 typically allows a continuous flow of current
of 1.7 times its rated breaking current and preferably has a rated breaking current
of 0.35 A. Furthermore, in order to quickly limit the amount of power passed into
20 the hazard zone (hazard zone 12 in FIG. 1 and hazard zone 28 in FIG. 2) in the
event of a fault, fuse 70 is a fast-acting type fuse. '
Banks of diodes 72, 74, and 76 are connected in parallel with respect
to each other, and provide a shunt-diode safety barrier for intrinsic safety barrier 1 6.
The diodes in banks of diodes 72, 74, and 76 are preferably foMmd conduction
25  diodes. Banks of diodes 72, 74, and 76 are redundant such that any fault current is
split between them and such that failure of one bank of diodes does not fault out the
other two banks of diodes. Also, banks of diodes 72, 74, and 76 are infallibly

connected such that they cannot be simultaneousty disconnected upon failure of one



10 Conversely, a second set of ten diodes (72b, 74b, 76b) is arranged in
series in the opposite direction which is forward biased when the AC
signal voltage is greater than 0.0 V. The two sets of ten diodes in each
bank of diodes 72, 74, and 76 are arranged in parallel with respect to
each other. Under normal operating conditions, the | ow energy signal from
the 15 RF card is allowed to pass through the transmssion line to the RF
antenna with tittle voltage drop and very little attenuation. However, if
an abnormal (fault) condition develops in the electrical equipnment in
non- hazard zone 11 or 26 (e.g., aspower surge), banks of diodes 72, 74,
and 76 change their transfer characteristic and restrict the energy
transferred idRE p&gg articular, by
connecti ng a%gg?§§§6§¥%§nq¥%@ﬂgﬁg%ggﬁﬁggﬁﬁon P@%ﬁ@mggﬂﬁﬁgﬁgthe RF card
and ground | g ading sdditiodat Eagles of giokles. bel ow - 6. 0 Vat the RF card causes

negative fault protectiqgn diode stri ng7$ 72a, 74a, and 76a to turn on and
split the fault currenhedipdes fduks ofidiodss(2i7hcad Knsapreferablyborygrddes have a

built-i i . ce Sl ML ar | Ak .th f |
opi ke above tRfgnglodsdiggiui RaBlenl o VP A B ERE T on ai oo o
strings 72b, sfddm 1(Pdﬂﬁql71@ﬂanﬂliﬂgr&?r§éi‘n ) the SPhal Whiﬁﬁlﬁoﬁa?.‘sx/{éstbet\nfébﬁﬂh@m bet ween

them This fault voltage cutoff point iS acceptab high to not interfere
wi t h normal ®Ferdtandihe BF astysin elose thorasmighn lipeits typemal enbliiMHp pr event
excessi ve power from passing into hazard ne 12 or. 28. Wien banks of
di odes 72, 16’g”a}2f’,‘tgéﬁgﬁ'f%’l’? P’?lltaﬁﬁ?ﬁﬁsﬁ al?%\@ﬁt frbfiﬁ‘é’rl@ﬂlfoﬁ‘g"dﬁﬁ rted such that
|t does not PS8l LU vet bed 86178 MHE NER f BralAH (hibORRnd2 OF 28. Thi s

s € .
prevents the potential overheating the el ec conponents in hazard

zone 12 or 28irediib@whibly isidreud biasddgvhamthe ARRIgos iviieage RN&ts thaw@0 v hazard zone 12
or 28. 5 DC bl ocking capacitors 80a and 80b are included to provide
gal vani ¢ 10 solCanyeselyf asecand s& of teedipdes (72D, 74, ReY i armrgein sedgsdn thed t he RF
antenna. DC

opposit;e direction which is forward biased when the AC signal voltage is greater

than 0.0 V. The two sets of ten diodes in each bank of diodes 72, 74, and 76 are
arranged In parallel with respect {o each other,

Under normal operating conditions, the low energy signal from the

15 RF card is allowed to pass through the transmission line to the RF antenna with

little voltage drop and very little attenuation. However, if an abnormal (fault)

condition develops in the electrical equipment in non—haze;rd zone 11 or 26 (e.g.,

a power surge), banks of diodes 72, 74, and 76 change their transfer characteristic

and restrict the energy transferred to hazard zone 12 or 28 to a safc.level. In

20 particular, by connecting a series of ten forward conduction diodes between the RF

card and ground lug 90, a voltage spike below -6.0 V at the RF card causes negative

fault protection diode strings 72a, 74a, and 76a to turn on and split the fault current

between them (since each of the diodes have a buili-in potential of 0.6 V).

Similarly, upon the occurrence of a voltagé spike above +6.0 V at the RF card,

25  positive fault protection diode strings 72b, 74b, and 76b turn on and split the fault

current between them. This fault voltage cutoff point is acceptably high to not

interfere with normal operation of systems 10 or 25, but low enough to prevent

excessive power from passing into hazard zone 12 or 28. When banks of diodes 72,



bl ocki ng capacitors 80a and 80b are arranged in a redundant configuration
(in series) to provide additional protection against DC surges.
Furthernore, DC bl ocking capacitors 80a and 80b are infallibly spaced
apart (i.e., cannot be faulted 10 out of the circuit) and the connecting
trace between themis adequately sized such that faulting of one of DC

bl ocki ng capacitors 80a and 80b does not affect the performance of the

ot her. DC bl ocking capacitors 80a and 80b are rated to wthstand tw ce the
voltage required to fault themout of the circuit, plus 1600 VAC. DC

bl ocki ng capacitors 80a and 80b bggh preferably have capacitances of 0.1 F
15 at 25 V. Resistor 85 is connected in series between DC bl ocki ng
capacitor 8 s 6t i i 0 suppress
transi ent vo??’aagg% fsuﬁfreogn’eage gapﬁtgﬂfe%ﬁﬁ: antfgénug}gt.hﬁ edso?ss@g%%ﬂ@fb:aéﬁi nfallibly
spaced apart ifthe RF antehaaiabiizafieone1a ot 38 Thioptbvexs the Peterdinloverhéatind r om DC bl ocki ng
capaci tor 80b. Preferably, resistor 85 20 has a resistance of 3.3 d2 with
a power rati 9§ thsfeleptrigal\natmpenents in Bagarderong, 12t o1e28p thexsbn preventiogeii on is a system

for filling ar .handli .liquid in a,pazard zone. The system has a

cont ai ner_ caﬁé%?sé"ea?ndﬂgflm}ﬁ%" Zang E{ﬁf&_x An electric storage device is
coupl ed whth the cont picngbeililcablofiil Wb ald 800S0 clided knpYEARLT On rel ating
to the liquid stored in the Contalner. The system also has an 25 antenna,
for storing igalaicisdationfor direatotrrens batwerq the BF oardadd the RF antermd. ¥C el ectric
storage device. The system has a m croprocessor-based controller, coupled

with the antlsdag capasitos $hz pad §0b 3 Jrarged ¥s3 redungpnt cprfigniatien @ based on

information re fro -] L, S deyvj c t he tenna. An
intrinsic saﬁ%}ﬁ% t_Bé’lrormlidtg%‘lhggn@gﬁ{?[eegtfogc?%%gf?%ges[u\%g%n??lﬁ%m%{%t’ nha and the
control I er t@lokking éaF@ltﬁﬁsaa!aﬁ@éob@feeﬁtwmggﬁa&ﬂlaﬁha (dRaliReR sliedone. 1n a
preferred enbodinent, the intrinsic satety barrier includes a plurality of

forward dondwotdfthe cakiuipad thecomesting thack between dieinad adopintslyaized fueh control | er and
ground,

that faulting of one of DC blocking capacitors 80a and 80b does not affect the

performance of the other. DC blocking capacitors 80a and 80b are rated to

withstand twice the voltage required to fault them out of the circuit, plus 1600 V5.

DC blocking capacitors 80a and 80b both preferably have capacitances of 0.1 pF
15 at25V.

Resistor &5 is connected in series between DC blocking capacitor
80b and the RF antenna. Resistor 85 is provided to suppress transient voltage
surges at the RF antenna. Resistor 85 is infallibly spaced apart (i.e., cannot be
faulted out of the circuit) from DC blocking capacitor 30b. Preferably, resistor 85

20 has aresistance of 3.3 Q with a power rating of 2.0 Watts.

In summary, the present invention is a system for filling or handling
liquid in a hazard zone. The system has a container capable of holding a liquid. An
electric storage device is coupled with the container for electrically storing
information relating to the liquid stored in the container. The system also has an

25  antenna, for storing information to and reading information from the electric storage
device. The system has a microprocessor-based controller, coupled with the
antenna, for controlling processing of fhe liquid based on infﬁrmation read from the

electric storage device by the antenna. An intrinsic safety barrier is connected



typically arranged in nmultiple redundancy configuration. The intrinsic
safety 5 barrier preferably further includes a fuse connected in series
with the plurality of forward conduction diodes to prevent overloading the
plurality of forward conduction diodes. A plurality of blocking capacitors
may be connected in series wth the controller and the antenna to bl ock a
DC conmponent of the signal comng fromthe controller. Further, at |east
one resistor may be connected in series with 10 the controller and the
antenna to suppress transient voltage surges at the antenna. Although the
present invention has been descrilppd with reference to preferred '
enbodi nents, workers skilled in the art will recognize that changes may be

made in form i 1 i 4 d d scope of the
i nvention. 1ga{ligenq%tﬁl%ewf&étﬂ%ﬁ%ﬁﬂﬁﬁlg@%ﬁc@%&éﬁg&%ﬁtflénﬁéfag%i ng a hazard
zone and a nenehBadrdderzo Bebodinhat, ty Bt safed/fRfesinfigdes aplafaiyage el enent,

| ocated in the hazard zone, for electrically storing information; a

communi cat i oforeerdcenductipabiedeaepnpasted inpardllehheraentbenentrdligrand growidng i nf or mat i on
to and reading. jnformation fromthe storage. el nt:. a cantroller, | ocated
i the non- hoPiply YBRESR APl e bt eEcarh BRlintn e PR he

communi ca§ | 0Ra AeMi-Gably RfinG A1l hedGorhfeay SiEMAAREHudiybn ormat ion read
from the storage elenent by the comruni cation devi ce; ané an intrinsic

saf ety hai ri dsrwhidcahddtiom diothd to gnevinzevertbadiog eheapldratignefefoivenkd bet ween t he

comuni cation device, and the controller to limt electrical energypassing
to the commspndagion digdesedindusalityof bipeking papagitosemalrhespnnggiek B 888 ¢l ai m

L, wherei n the b HobRRiG RAhEitenRtb b2 D' Ghiptiat 2 R sighd bdrtivg

from the controller. Further, at least one resistor may be connected in series with

10 the controller and the antenna to suppress transient voltage surges at thé antenna.

Although the present invention has been described with reference

to preferred embodiments, workers skilled in the art will recognize that changes

may be made in form and detail without departing from the spirit and scope of the
invention.
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of forward conduction di odes connected in parallel between the controller
and ground. 3. The manufacturing systemof claim2, wherein the plurality
of forward conduction diodes are arranged in-a nultiple redundancy
configuration. 4. The manufacturing systemof claim2, wherein the
intrinsic safety barrier further includes a fuse connected in series with
" the plurality offorward conduction diodes to prevent overloading the
plurality of forward conduction di odé$ and to limt electrical ener gy
passing into the hazard zone. 5. The manufacturing system of claim 2,
wherein the intrinsic safety barrier further includes a plurality of DC
bl ocKLA§MKS)paci tors connected in series with the controller and the

" CO ni cation device. 6. The manufacturi systemof claim2 wherein the
i ntrinsic saf egﬁnﬂﬁ'ﬁ"w@ag?ﬁ&ﬁ’é‘f’%ﬁ@l“&%@ggﬂ}"'y@éﬁﬁm freard ZupdheFyskBhnect ed
i n sesmpdsiig:t h the controller and the communi cati on device to suppress
transient voltage surges at the.c nication devi.ce 7.. The. manufacturing
“system of cl ai ﬁ?tf?agmgmtnfa[cﬁgggl @%@?Mf g‘eﬂﬁﬁﬁﬁbs“&gm&ﬁ%%maﬂ% equency
i denti fi cati onaédeiimicaticaievits) locited ihiie haunddone, forsiofiGe ififofh#ioh Riand feadisp
7,wherein the RFID {ﬁ%@gﬁr{;@él S %{gassli ve .l adi o, ﬂ&i‘requency (RF)
transponder and an ? ?’Piﬁf‘e P E M ogr ammabl e read-only nenory
(FEPlRO\/p : tuﬁaﬁﬁmﬁwﬂmhghérkm-ﬁazﬁxdézﬂi&dndmel&:lhiégm&)ﬂmmu&aﬁﬁh%ﬂhfiﬁb sygt em
of claiml1, erein_the co I catlion vice includes a RF .antenna. 10.
The manuf acturing smwwé]%%f‘g,corbﬁ?@gﬁﬁ%{%@béﬁﬁ??E‘Ifqr'é‘Pt‘qnﬁ'Eq Bs a
conput er havi ng anthektoesge dlemichebyRhe canhuhicatidnaleliceCald conmuni cation with
the RF antenna, 11. The nufact uri.ng,system of claim 10 erein theRF
card 1 i ol ot PRe EENARE Heblad SRR P gens And et eleen e
intrinsically safe tommenitation devideiandthe dddtroler lisditetactrival dnengpbassige toitlpi d i i

a hazard zone conprising:. a. contai ner capable of holding the liquid having
a radio frequency iW%P?@P%%WE?QFI D) tag nounted thereon;

2. The manufacturing system ofclaim 1, wherein theintrinsic safety barrier includes a plurality
of forward conduction diodes connected in parallel between the controller and ground. '

3. Themannfacturing system: of claim 2, wherein the plurality of forward conduction diodes
are arranged in a multiple redundancy configuration.

4, The manufacturing system of claim 2, wherein the intrinsic safety barrier further includes
a fuse connected in series with the plurality of forward conduction diodes to prevent overloading the
plurality of forward conduction diodes and to limit electrical energy passing into the hazard zone.

5. The manufacturing system of claim 2, wherein the intrinsic safety barrier further includes
aplurality of DC blocking capacitors connected in series with the controller and the communication device,

6. The mamfacturing system of claim 2, wherein the infrinsic safety barrier finther includes
at least one resistor connected in series with the controller and the communication device to suppress

transient voltage surges at the communication device.

7. The manufacturing systen: of claim 1, wherein the storage element comprises aradio
frequency identification (RFID) tag.



a radio frequency GM antenna which is capable of storing information to and
reading information fromthe RFID tag; a controller coupled with the RF
antenna to control processing of the liquid fromthe container based on
information read fromthe RFID tag by the RF antenna; an intrinsic safety
barrier connected between the RF antenna and the controller; wherein the
container and the RF antenna are |ocated within the hazard zone; and
wherein the controller and the intrihdic safety barrier are located within
a non-hazard zone. 13. The systemof claim 12, wherein the intrinsic safety
barrier includes a plurality of forward conduction di odes connected in

paral8.el bet wedhenhaufactatingdysiem ofolding?, @ﬂi&ﬁbmthéRFm 2 SN Dfasevebdib 13,

wherein th rality of fo con ction di es ar arran

i ¢ R fid el SR o Snme B Far By AR D o

saf etijte BEPROM stofibg thelisfonyastioam of cI aim 13, wherein the intrinsic safety
barrier furher includes a fuse connected in series with the plurality of’
forward conduction diodes to prevent overloading the pluralityof forward 20
condukt i on di odiendunaifattorihg systemeFdaity 1, @hdreia iR coiimpaitiondevicdinchideea RB.zar d
zone. @}6 The system of claim 13, where in the intrinsic safety barrier
furt " PRc| udes a plurality of DC bl ocking capacitors connected in series
with the controller and the RF antenna. 17. The system of claim 13, wherein
the iptrinsic f et rrierf rth cludes at | eas resistor,
connetted in setl 9@%*}’?‘?3%8’8&?%&“ hﬂﬁ%ﬂ?ﬁ@uﬂﬁmﬂi‘?‘@ﬁﬁ’é’ tg‘ﬂﬁ??‘ Bss

t r ansaeRF cid] thaBF catdrigeRcrical doemidication @ithahe HBantddig. syst em of cl ai m 12,
wherein the RFID tag conprises a passive RF transponder and an

el ectrically erasabl e programmabl e read-only nenory (EEPROM) . 19. The
system. of cl ai Thehfmufabtanirgysysténhef cRiPROVhatin the RFicartl simaléchrizal coabmhicitos | i qui d
cont aj e cont ai.ner stem.of claim 12, wherein the

cont rmq‘ﬁg? @% Fqng&a%uﬂglgﬁlc%&sg}er%@ﬁ}@a%p% of receiving input froma

user.

12, A system for handling liquid in a hazard zone comprising:

acontainer capable of holding the liquid baving aradio frequency identification (RFID) tag
mounted thereon; '

aradio frequency (RF) antenna which is capable of storing information to and reading
informatton from the RFID tag; |

a controller coupled with the RF antenna to control processing of the liquid from the
container based on information read from the RFID tag by the RF antenna;

an intrinsic safety barrier connected between the RF antenna and the controller;

- wherein the container and the RF antenna are located within the hazard zone; and
whereinthe confroller and theintrinsic safetybarrier are located within a non-hazard zone.

13. Thesystem of claim 12, wherein the intrinsic safety batrier includes a plurality of forward
conduction diodes connected in parallel between the controlier and ground.

14. The system of claim 13, wherein the plurality of forward conduction diodes are arranged
in a multiple redundancy configuration to prevent failure of the intrinsic safety barrier.

15. The system of claim 13, wherein the intrinsic safety barrier further includes a filse connected
in series with the plurality of forward conduction diodes to prevent overloading the plurality of forward



21. The system of claim 20, wherein the controller finther controls
processing the liquid based on input received by the user-interface from
t he user. 22. The system of claim 12, further conprising a connector for
coupling with the container such tbat the Iiquid can be dispensed fromthe
contai ner through the connector. 23. An intrinsically safe data retrieval
system conprising: a radio frequency identification (RFID) tag containing
information to be retrieved, the RFED |ocated in a hazard zone; a radio
frequency (RF) antenna el ectromagnetically coupled to the RFID tag, the RF
antenna | ocated in the hazard zone; aRF card for communicati ngw t ht heRF

ant emroajuctibee diclescend to imittedebtrival ity pabsingidiothe hazaghegneand 21 an intrinsic
safety barrier |ocated outside the hazard zone and connected between the RF
antenna and the RF card. 24. The intrinsically safe data retrieval system
of cliéi m 23, wihesystembliuhaitni3, whasinthedimicyatftabatia firthetindideslsimalitpbt@l i ty of
for d.conducti on di odes connec in ral l el t ween the controller and
gr O\Sﬁvéqckmﬂapaﬁt]tgrsi&:ﬁwqc% o “@i\‘?&a @&Fﬁﬂ?@gma&?em of claim 24,
wherein the plurality of forward conduction diodes are arranged in a

mul tipl e redundancy, confjguration,t revent failur f.the, intrinsic

saf etly' barrier. gg?éteﬂfgjciaﬁpﬁ,ﬁgeggfﬁ?&gwsmgwﬁtﬁvﬂc udes gt claim
24, whaster conitdated inveritsiaththerohtfillyr 4ad the REantefind th fipbresiigdnsidftoRadewigesapnnect ed
in sethig? V\{th the plurality of forward conduction di odes to prevent

over |'80&8F ™ plurality of forward conduction diodes and to limt

el ectrical energy passing into the hazard zone. 27. The intrinsically safe
data yetrieval stem cl g m,23. i.n the jntrinsi afetyharrijer

e e o pi urC R et et BT Retol s ane b KRS (1 ¢ he
cont ral dierically efababldRopaimarabi read-only memory (EEPROM). :

19. The system of claim 18, wherein the EEPROM stores information about the liquid

contained in the container.

20. The system of claim 12, wherein the controller comprises a user-interface capable of

receiving input from a user.

21. The system of claim 20, wherein the controller further controls processing the liquid based
on input received by the user-interface from the user. '

22. The system of claim 12, further comprising
2 connector for coupling with the container such thatthe liquid can be dispensed from the
. container through the conmector. I

23. An intrinsically safe data retrieval system comprising:
aradio frequency identification (RFID) tag containing information to be retrieved, the
RFID located in a hazard zone;
aadio frequency (RF) antenna electromagnetically coupled to the RFID tag, the RF
antenna located in the hazard zone;
aRF card for communicating with the RF antenna, the RF card located outside the hazard

zone; and



28. The intrinsicallysafe data retrieval system ofclaim 23, whereinthe
intrinsic safetybarrier includes at |east one resistor connected in series
with the controller and the RF antenna to suppress transient voltage
surges at the RF antenna. 29.. The intrinsicallysafe dataretrieval

syst enof cl ai n23, wherein theRFID tag conprises a passive RF transponder
and an electrically erasable programmble read-only nenory (EEPROM) . 30.
The intrinsically safe data retrievaflsystem of claim23, wherein the RF
card communicates wth the RF antenna via a transm ssion line. 31. The
intrinsicallysafe dataretrieval systemof claim30, wherein the RFID tag

and the RF antafiiidnsivsefelyBuRicEd cidil Risaid thehfzdrd 258 Bhddonfdtidd blifeenifte RIN
hazardous |iquid dispensing and filling systemconprising: 22 a liquid
reservoir which con fiemwﬁéhqql}lia flous liquid to be dispensed; a container
capabl e of holding the hazardous liquid in fluid conmunication with the

i qui reservqlr; .a radi o, frequency identj ed on

fication (RFID) .t nt
the cBhtainer; Heinignsisalysafedats pricvaisystempte Iggﬂ:}’gqr%‘q&@'ﬂ'ﬁ%%ﬁaa%%ori ng
i nf or ifEtieR A pheality o fdrvarodndGétion Biodd ObiinBdtdah paralléPhebReciticRontdflerahd @bignna for

controlling dispensing of the liquid fromthe |liquid reservoir into the
container and for controlling witing information to the RFID tag based on

the l2mui d di sppRiRendidalipsdidataenicodl item Folain24, wheleh (Beyl@hlity BEOIRE
connect ﬁd bet y(\ﬁen t he RE, antlﬁnr]a eand the controller; {}%«frgﬁn t he contai ner
and t FRECRgEoRAiodRT e atareed mamulbplgrefiypdancy cpnfeyration tapsevetialurgpfdhedntangip o

cont r gifdiebardiegl the intrinsic safety barrier are located within a non-hazard

zone. 33. The systemof claim 32,wherein the intrinsic safety barrier
includes a plurality of forward conduction diodes connected in parallel

blet wegg t hef c ]9mwﬂdgﬁcamgﬁfdmmm%vaﬁwmlmuwm%ﬁxtﬁéiﬂ&iﬁsi@eiafe_twdlaﬁreei n the
prurall .0 or r conducti Qn lLoges al.e range In a., Tl e
P et B e goRBHed B pgvalios APl b aricondnhpR Uptes orerep
bar r i everloading the plurality of forward conduction diodes and to limit electrical energy passing into the hazard
Zone.

27. Theintrinsically safe datarcﬂievai system of claim 23, wherein the intrinsic safety barrier
inclades aplurality of DC blocking capacitors connected in series with the controller and the RF antenna,

28. The intrinsically safe data retrieval system of claim 23, wherein the intrinsic safety barrier
inchudes at least one resistor connected in series with the controller and the RF antenna to suppress

transient voltage surges at the RF antenna.

29. The intrinsically safe data retrieval system of claim 23, wherein the RFID tag comprises a
passive RF transponder and an electrically erasable programmable read-only memory (EEPROM).

3G. The intrinsically safe data retrieval system of claim 23, wherein the RF card communicates
with the RF antenna via a transmission line. '

31, The intrinsically safe data retrieval system of claim 30, wherein the RFID tag and the RF
antenna are powered through the transmission line.

32. A hazardous liquid dispensing and filling system comprising: -



35. The systemof claim 33, wherein the intrinsic safety barrier further

I ncl udes a fuse connected in series with the plurality of forward
conduction diodes to prevent overloading the plurality of forward
conduction diodes and to |limt electrical energy passing into the hazard
zone. 36.. The systemof claim 33, wherein the intrinsic safety barrier
further includes a plurality of DC bl ocking capacitors connected in series
with the controller and the RF antemfa. 37. The systemof claim 33, wherein
the intrinsic safetybarrier further includes at |east one resistor
connected in series with the controller and theRF antenna to suppress
transi ent vol t adiguidresysmiravhich tontdiis the hezardaus liquid to be dispensed;

acontainer capable of holding the hazardous liquid in fluid communication with the liquid
TESETVOr; |

a radio frequency identification (RFID) tag mounted on the container;

a radio frequency (RF) antenna which is capable of storing information to the RFID tag;

acontrofler coupled with the RF antenma for controlling dispensing of the Liquid from the
liquid reservoirinto the container and for controlling writing information to the
RFID tag based on the liquid dispensed into the container;

an intrinsic safety barrier connected between the RF antenna and the controller;

wherein the container and the RF antenna are located within a hazaxd zone; and

wherein the controilerand the intrinsic safety barrier are located within anon-hazard zone.

33. The system of claim 32, whereinthe intrinsic safety barrier includes aplurality of forward
conduction diodes connected in parallel between the controller and ground.

34. The system of claim 33, wherein the plurality of forward conduction diodes are artanged
in a multiple redundancy configuration to prevent failure of the intrinsic safety barrier.

35. Thesystem ofclaim 33, wherein the intrinsic safety barrier further includes a fuse connected
" in series with the plurality of forward conduction diodes to prevent ovetloading the plurality of forward
conduction diodes and to limit electrical energy passing into the hazard zone.

36. The system of claim 33, wherein the intrinsic safety barrier further inciudes a piurality of DC
blocking capacitors connected in series with the coniroller and the RF antenna. |

37. The system of claim 33, wherein the intrinsic safety barrier further i.ﬁc]udes atleastone
resistor connected in series with the controller and the RF antenna to suppress transient voltage surges at
the RF antepna,



