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GAS SENSOR Field of the Invention This invention relates to

Jas sensorsﬁﬁﬂmﬁﬁqHGng an el ectrochenical cell. Backg&&g§§@$%#8

Anr et ectrochem cal gas sensor for sensing an oxidisible o

gas (e.g. carbon nonoxide) in t he atnogphere usually contains a sensing
or wor ki ng el ectrode, a counter electrode and an inlet (usually a

di ffusion barrier) to allow the at mosphere to perneate to the sensing
el ectrode. Both electrodes are ingag shgort Wth an electrolyte in
order firstly to produce an electro chem cal reaction at the sensing

el ectrode with the gas to be sensed, and secondly to produce an

el ectrochem cal pHeld i of €het Pavéariésr el ectrode with oxygen in the
at nosphere, electrolyte or other gas source. Cur rent is carried

t hrough the solution | Ok o] e ag d rons
t hrough an. exter n’@?{ %I Egﬁﬁptlgﬁe%ﬁ:&r {' EQ F%g Cl rn(%{hg %@%ﬁ’ﬁ'% a1
the gas concent relectrochemicéabroeatd. electrode may be enpl oyed in
conbination with a potentiostat circuit to  maintain the potenti al

bet ween the sensing el ectrode and the cell electrolyte in order to .

i ncrease st abi | iBagckgroundoketati on. . ~ In terms of physical
construction, the sensor nomal | y conprises an external housing which
acts as a - reservoir for the electrolyte, a wick or matrix to hold

the electrolyte in coMacBlBEtRochemdcad: r SRS, &#RSOr J£arr gensing an

el ectrical terénmiélblémezngredﬁbgmél ds (e.ganNne€aiben \Mdrfb:hh:le) in
cells use, a stack

B TR TSN CERET I G T K
el ectrodes hel d elecerodget bercountomnt eﬂ:ecmrbtie and an inlet (usually a
diffusion barrier) to allow the atmosphere to permeate
to the sensing electrode. Both electrodes are in
contact with an electrolyte in order firstly to produce
an electro chemical reaction at the sensing electrode
with the gas to be Sensed, and secondly to produce an
electrochemical reaction at the counter electrode with
oxygen in the atmosphere, electrolyte or other gas
source. Current is carried through the solution by ions
produced in the reaction and by electrons through an
external circuit, the current in the circuit indicating
the gas concentration. A reference electrode may be
emloyed in combination with a potentiostat circuit to
“Ef’ﬁain the potential between the sensing electrode and
R ;hcell electrolyte in order to increase stability of
operatzon
In terms of phy31cal constructlon, the sensor
nomally comprises an external housing "which acts as a
reservoir for the electrolyte, a wick or matrix to hold
the electrolyte in contact with the electrodes, and
external electrical terminals making electrical
connection with the electrodes. '
The majorz.ty of present sensor cells use a stacked
electrode arrangement, as for example in US-A-4,406,770,
with the 'electrodes_ held close together in contact with
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2 W ck pieces by pressure froman Oring conpression seal. This design
has the ég&lﬁ%age that a large nunber of conponents are typically
needed as de contacts, to separate the el ectrodes, BEHGBISHN600/i de

W ck access for the el ectrol yte fromth«% reservoir to the el ect r odes.
This leads to high assenbly tine and coSt. A secopd disadvantage is that
the seal will tend to relax with time, leading to |eakage of the :
electrolyte and cell failure. This second dlsadvantage i s avoided by .
desi gns i nwﬂcﬁ?‘crpitq?@e%obp’or@ﬁ@%suﬁﬁe from eant dPex feg @S’mpfrtﬁssa)mp‘sealn

DE- A- 33246 | C a d r d,i a,
central bgiéa.s d%s%%t Ihaa%j ﬁi'ié &i@é‘dﬁé&@@é éog:erﬂy;dt | gnnl_é)%% InémH%r} o? t he
types in USORPS! 3%5774)r%n& A%?gﬁ@eaﬁet%leCEFQdﬁ gonhaatss to

contacts V\beparatewm élcecﬂﬂ‘&lés)[ r@AdVeo ﬁ%b%.@e Qf:.c]é NS 0 Vige
sim | ar nohl e met al SO are a significant

have to bel % gh tt ng\ g
fracti on of-SFRECCEE F%ﬁnl oy %Oggsew01r ugoA- %H%Sﬁ@c’if%@%ses Thisgas
sensor i nleladshtot hﬁgl-sm“ssem)l)coui)ﬁter andd coster ittt dDseqvaitage

nount ed i n; .8 -CO, ram.c .subsirate, wth contac

| eads ext eﬁgl ﬁg&%? geg} ﬂ&de@?@ ?ﬁe TSA% ‘g:h?l?a%'ém&f' ]t ing%@rate
for el ectrleakageoroecthen electookyte, andeceldsufaihgreenTtiisst sédoh@s
many conpo t I e ct n eps_whi ch
Wi I?/ dgptggggrrgxgg Vq'éleéc%os{&é& bge dééi?ﬁ% %%”aﬂ#%gen |ong°mlgogsnﬁia
obj ect of; 8h€ |$ﬁ@l\@dorfi¢$eﬁbe¥ecﬁﬁ:eftqm eeapeleof incoRBoAeAB24682, t hin

conpl exi tYWHicﬁS%%@Héd)fePe&%oééﬁ'sﬁke *edla p.{r?sﬁaéléf hg%i aﬂ%nt.i)afvo'
t he use of_ ex enswe | ati num | eads, hence, reducl ng manu ring (

cost . bogye by & Mt n3BAt P&'ﬁs&%ﬁ d’é%l@-%s°E§ﬁ§6P-°Fncl RAtdy.cells g
substrat e, of atthd eegpesf LhStUSHR-4 56060U70! eeid OpiESA -3 924662 A% S0 fkiSa ]

Pl anar ! CHERLS 01 L0E-SHRS' L8heacBl” LhFen? PSkiRL® BS' "end O S5 Sl e !
nature of the electrolyte, "have to be of platinum or
similar noble metal, and so are a s:.gn;flcant fractlon of
the cell material cost.

US-A-5183550 discloses a gas sensor in which the
sensing, counter and reference electrodes are mounted in a
common plane on a common ceramic substrate, with contact
leads extending from the electrodes to the other surface of
the substrate for electrical connection. However, the
resulting sensor still has many components and involves

relat:.vely complex manufacturing steps which will add to

T t.ur:..n cost.
i g This Sheet Has Been R ’i

- i

The object of the invent:.on is to reduce. the _number of
components - and the complexity of | asSembly of a gas sensor
over present designs, and to avoid the u_se of expensive
platinum leads, hence reducing the ma_nufacturing cost.

The present invention provides a gas sensor including:

‘a substrate, at least first and second electrodes
formed as porous planar elements _on the sub_s,t;:'ate,' and the
substrate being porous at least in a regien_ adjacent the
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3" first electrode tldis la'trlon of gas to the electrode fromthe
éxterior of_the gas sen .containing a reservoir of liquid '
el-ect r ol yt eVON18Y8: act r odes, external term nal PREGBISMRNNL ed

in or to the housing for rrakr ng external electrical connection to at

| east the first electrode, wherein a portidn of the first el ectrode
extends to a position adjacent the term nal nmeans whereat the term nal
means and first electrode are held in electrical connection with one

anot her whi | Eitat poebertyodef tive @Memitbderermeabiend of ogdsy too prchent

electrolyte &féaeﬁaaérgfkeﬁrouﬁretaﬁte&«%&r@@ Eﬂet & 88n8brt N& housing

el ectrical connect] on. ther. aspect, t e i AVention providsssa
method of aSMAIHRS @aseseﬁgerr Pﬁelﬁﬁ%@d%]fﬁﬁﬁ aiee for confacting

providi ng at digastibekgbdard Séé@@é‘@h@i e%@z@ﬂ.@ﬁlasmeﬂﬁéo%nﬁi@@r 1ﬁ| &®nty
on a substrat‘_gT grow dg ﬂ ‘a housi r;g-s ntaining a reservpir for
liquid electr %/tlem"%ﬂﬁ& Qr "BBELRY REFERE I FaY RORREE R EPr REAI
term nal. rrearIEeast the 3fipssi Eletitidddle whdréint & pﬁlr&h.bne dfo tiige h@liigE8Y
so that a portJ of . the fi ri% gl ectrode . i.S_pQs tlon jacent_s

id
el ectri cal te?]rﬁch o aFste pff)gllgd‘r?&i Jﬁ?ee% t%rzp:bneﬂemeans
housi ng so t hdiertdat thestermliimelr odans saandl érrstceﬂ.leytmdmeaﬁeame]zﬂt bhn
the electri a t : ode
I's bl ocked i neallf e&?{eégic:nkg QEOPWH cakggconne'ﬁfl on" 9]'(ler eé\}gentﬁtf%ieg
per neat i on ofOféI'd@Qr%l%er@ethé bdpeked da casierd9 cp.revent elpctrolyte

adhesi ve bongj % w&dgﬁo leaad hecesubi! &l il Sefted NEof  the

el ectr ode, or a nrca means e.g. a snap-link) for exerting a
necessary corﬁﬂ%‘%ﬁ’:&a f%ﬁ%@ec?—’tmﬂs preferred to errpl oy a heat and/or

pressure sealing moaeﬁxtt@xé&onﬂspa@tsulmer alvéneide Peuvidesardl method

conpress and seal th Jectrode t hi s_has ignal _.advantage of
causing. | nproef‘é 3 (REE cpEREPD aeths; PAEPAR. CRRP 1R85 0ua, ng

material to properl)y pravldlnag at least first and second electrodes as
porous planar elements on a substrate; _ _

2) providing a housing containing a reservoir for
liquid electrolyte. and the housing having associated
therewith electrical terminal means; o

3) positioning the substrate relative to the housing
'so that a portion of the first electrode is positioned
adjacent said electrical terminal means; and |

' 4) bonding the. substrate to the housing so that the
first electrode is electrically connected with the
electricél terminal means while the porosity: of the
'electrode is blocked in the region of the electrical
connect:r.on to prevent permeation of electrolyte to the
electrical connection.

Whilst adhesive bonding could be used to bond the
substrate and seal the electrode, or a mechanical means
(e.g. a snap-link) for exerting a necessary compressive
force, it is preferred to employ a heat and/or pressure
sealing process to bond the substrate to the housing and
- compress and seal the electrode; this has the additional
advantage of <causing: impregnation of the electrode
structure w:.th the hous:.ng material to properly seal the
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4 el ectrode in the region of the electrical connection. Thus in
accordance with the invention a particularly sinple, reliable and

ef fecti vVNEMSET§ s made of connecting an el ectrode of the PEIEGBMAGUD t O
the external world, avoiding the use of expensive platinumleads. In
addition, the substrate is sinultaneousﬁy bonded to the housi-ng whereby,
in a single assenbly operation, el ectrical connections are made and -
t he housing is sealed over the contacts thereof. The first el ectrode
wi || nor maelgcbrodee imothiengewiors afithe et bedtoiieal orosnestisg .t he desired

el ectrochem cal acd.l o the: sl e roI.t_g nd the inconn as to
be sensed. Thghggcg]{h% gfgg%r&%g‘gewnﬁ@ﬂﬁo%}r%&l I%ma a’ﬁ@cﬁurﬁae?tl‘i}gje%?}%de
required siBple,paeldahley and effectivepaeans! bxtmnadbewrifc domseet imy

w th oxygegna atafg Ulg, J,0N| el oni ¢ flo

t hr ough thgne[’glé%ggfstag %gt \/\%%% g}‘(’aﬁs‘g See?%g'ltr‘r)(pggs.ame %géé%g%ier"f%%fd' t he
second el B¥PLBHBY thHe; Useh Rl epeRsiveopPlatinunsieatsct r dae,addittonls t o

ah externathéer siBatraeans iwhesemlithneouzahd HonddEctyd Cqlp Lo éizg%
while the oroshty of, the electrode is blocked. ,I'n one preterr
const ruct i BRETER¥  houtdt ngi s IR 3S 1yar t1eperakier, paralegmital ng
the reservebnnesdienscapreremade dhe st hateiagd ide slaEd 0desrt hafgon

are bonde e rt, application of heat and/or pressure sealing
t he base p%?{‘ga%th Egaﬁsg I'ng to the substrate while conpressing the

substrate and eThet riidesst; ededtdesier abiYl c meximad 1y dbe oftHehewbdRSHhHI or
materi.al i e t ’ h of .el ectroql yte
Uhrough (Teisihf eA¥cETodle Stof ERERtinglind Meg PR eiRci ka1 ¢
mount ed i FeREtbaBebpiveeRatheedaqtinelytomedt the wncomingegasomo desed
el ectrodesgensed. | fhe sdabidiCé1eBE2bAE! G4 11C A OB LRE %ﬁ?ﬁfg{f@t eThe

fornms an ugfér art of the , housing so that the cap nber 1s o

substrat e SHESTERPRCt eFOFELER pdiBsi t yPREECRRARGLt i 1Ry di CoWiterRairt

at nospher eeletordthendoalngeaction with oxygen and for creating the
required ionic and electronic flows through the electrolyi:e

between the electrodes. As preferred, the second

electrode, in a manner similar to the first ‘electrode,
extends to an external terminal means wherein it is held in
electrical connection while the porosity of the electrode
is blocked. o '

In one preférred construction, the housing is formed
as two parts, a base part containing the -ré_servoir and a
cap member. The substrate and the ele'ctrode's thereon are
bondgd‘ to the base part, application of heat . and/or
pr" Wgure sealing the base part of the housing to the
-sﬁb."'-'ra‘te- while compressing the substrate and electrodes,
and desirably causing flow of the housing material into the
pores of electrodes; thus the flow of ‘electrolyte through

the electrodes is blocked. Electrical terminal pins
mounted in the base part make electrical connection with
the compressed electrodes. +In a further preferred

construction, the substrate forms  an upper part of the
housing so that the cap member is omitted. The substrate
has selected areas of porosity for permitting diffusion of
atmosphere into the housing. '

PR
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5° In a preferred construction, an internedi ate quantity of _
el ectrical | condgctive polymer is positioned between the el ectrodes and
the term nYOP¥HE€0 that when heat and pressure are appl i edPCHEBIS02600
conductive polynmer noulds itself around tlge base of the term nal pins and
| npr.egnates into the electrode material, ~“whereby to create a stable and
secure electrical coupling. “As preferred the heads of electrical
termnal pins are nounted in recesses, and the conductive polyner fills
the recesses. As Iw e epreferired suanstruetienpoapudnhermediats equsntihut

it cooperategs %l@g%??ciﬁ‘iv-n&goﬂ&BEEi@e polym%_:he ¢ eﬁb"s&‘é‘i?ml@de between
dof ap uc

preferably forne orous _electrically con tive material contalning

PTFE or sini t8e 9asErdes ppRdetheptammianl BiRsi speshat chen yheat sagd

optional addiptie@nrires adpéYabp3iRBQr ttHE €bhahicBide "B MeuRiIdane8elf
conductivity. The gl ectrodes. m %ht he deposited Qnto the substrate

by for exanpPEFo¥ect®r PAEENPTE f FREeHSTRINR S P HRT c8RG HWPTeIRANSS 1nto
SUSEegsiO_n plbtaréel ]gieqeb«trblaed . spBgerabe, hhgsgbgy t;@_()aiﬁé&fx.e olra_ g@}:amb:erland
met hod suitabl e for oduyci.ng.a _patterned. 0Si_t.i of sol terjal .

Deposi tion ms&ﬁureoe%é.pcir&ic%&l ecﬁﬁpé‘ﬂ'r‘gl' o‘razg%f prﬁﬁofgert]?a% e Beafs,) of
sequenti al | y eliectdmyozls, tesninalf i aapé e moantady imerepespgest i emdf théee

o e 00e Mo U BB P el de gl n3CSUUE A" g

[
i ncreased el°SCtTica _ ) i
main site olsupstnadmt ign.porous A sfdexibie.neserithat s iyr etoepdrates

-porous, all oys t@fﬁs t.orddes €l ectrode through the substrate, and
| mper vi ous Wolrt?he e ectroi y% ex.pr I'n one version of the design the
substrate is higfiBe pRIaRERAReHr Akmt PTRECTRRIY or foTmeds 03I o oPoFays
through it - ediddtsicynly idordhceivel mhbereall coatpiniagd PINPOVoEediRy1ar
separate diffysion barci.er | n_anqt her .version.of the desi

th .
substrate i sPOUYBEFLE (BAGETy, BASHEFRDLY(PAS ti8d8Sa: 8T hAFREYSEar cRTS)

is required. optional additional catalyst support material and material
to enhance conductivity. - _ '

The electrodes might be deposited onto the substrate
by for example screen printing, filtering in selectéd_areas
from a suspension pléced_ onto the substrate, by spray
coating, or any other method suitable for producing a
patterned deposition of solid material. Deposition might
be of a single material or of more than one material
sequentially in 1layers, so as for example to vary the
-properties of the electrode material through its thickness
ori--te- add a ‘second - layer of increaséd electrical
con@ictivity above or below the layer which is the main
sité'6f gas reaction. '

The substrate material is preferably porous, allowing
gas access to the electrode tihrough' the . substrate, and

impervious to the electrolyte. In one version of the
design the  substrate is highly porous 'and presents no
barrier to diffusion of gas through it - diffusion
"limitation of the cell response is provided by a separate
diffusion barrier. In another version of the deéign, the
substrate is itself a diffusion barrier, and no separate
barrier material is required. |
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6 The el ectrode and substrate assenbly is preferably sealed to the
upper surface of the housing, the sealing process effecting electrically
conduct i W@ 260487%ct bet ween an area of the el ectrode mater ip@T/GBYS026000Nt act
conductor for each el ectrode and sinultaneously sealing the substrate and
remai ning areas of the electrode materi®@l to the housing, forming a
seal which is ‘impervious to the electrolyte. Wilst the seal could
be an adhesive seal, preferably the seal is formed by heat and pressure

application to 'Bhé| %le@th@diél ngnd substfete PlafdemblPOUSE Nprdferddh
mat eri al mel ti n%pm nt. t han the substrat.e; Wnen heat an

pressure %?%fﬁgp dtP8 RPFOUSUTFASS offh THR BOHSENG.e, thusealing .
materi al psocéss cef feqmings elawtricgirlagnabaducitihg ébﬁta&ubﬁé@l’réen

formng a b be €90 unde ressure
to preventélIl gg)%at?;oyrt %h%ore%t%%é%%ué%%gfﬁgie% %OFPH’ cond:u tor

Si mul t aneotet yeash e[lecttrced@ ant ssimultheouslyr seadinge t&rmtsa.rhsmtfelct or
and fornms &, closeemé n t t tr i s an and
hi gh resi stance q’flea age ea%]? bglcec%ore{'é)&ﬂﬁ% Ihgé%rigiod%grr;tﬁe?i al
is of a ccﬁ%}ﬁgon fﬁé.‘inléllgl o tPealt owhdebur is Jjanperwvibkousel yo itthe an

interveni ngleé@y8lyt8f ORATUSE WRPOLYAE! RIRPShEC drS 48Rdsi g iduk 1 he
seal process_the fbé 5?1' te wll f|low Er ound the cont act conéuct or and
ri

the el ectRoRHESTHR HRRL poksi bEGTMERpr E¥hatRPhe BREct R¥@Ssure

mat eri al , azsp];lﬁsatidmdtabavplasthc h@ualfr@a,ture of the design of the cell
housi ng that t rec e nposi te ro timum
configuration f g ?Blﬁccﬁf’usnlg l‘?he°gxt 8 nTPtE \ﬁal"”r’@ané%ep (
cont act caneﬂ.rbimspollm:at'ehann tHee phhstrath@us:vhg:rrrh@mt band oyaterbure
optional |y, Y o] ongiied I ed_. co sr te

bef ore the e ec%3 ﬁ ostIr:gtge asse lr%fy&r%gg cee%x%t s@ﬁé%gﬁéﬁsl Iﬂé’%
conposite mwrmbn F-Bowfmm% sepvangsi nandjcrrr@megnetseso to&o th:éle

contact condstLite aPdrAihBeh 'sRroy Bohd! OSHiY BORAOREY iOMeMdsal ) the

el ectrode
be cooled under pressure to prevent relaxation: before the

housing material solidifies. Simultaneously the  electrode

material deforms around the contact conductor and forms a
closely conformal contact with low electrical resistance

and high resistance to leakage of electrolyte. The
electrode material is of a composition that allows this to
occur. " Alternatively, if an intervening 1layer of

conductive polymer composite is used, during the seal
process the composite will flow around the contact
conﬁctor and the electrode material, ' and possibly
; :_-'-'ate the electrode material, as described above. It
is a.ss': feature of the design of the cell housing that the
recess in wh:.c_h the composite flows is of optimum
configuration for this to occur.

The external terminal means or contact conductors
located in the plastic housing might be covered optionally
with a layer of conductive carbon loaded polymer composite
before the electrode substrate assembly is sealed to the
‘housing. The composite will then flow dur:.ng sealing in
such a way as to coat the contact conductor, and either to
form a closely conformal contact with- the electrode
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7 material, or to beconme inpregnated within it. This will increase
the reliabil ity of the contact and its resistance to | eakage from sl ow
wi-cki ng of W@ é'yélf'@étrol yte along the contact path, a recogni BEWGRO5/B2680
with previous cell designs. If a netalli G conductor is used, coating of
this by the polynmer conposite will be particularly advantageous in
preventing corrosion fromelectrolyte w cking through the electrode

mat eri al . This woul d all ow a cheap, non- noble netal to be used.

In the desi gmatemiakh oe &b ebecote simpregnated mithidi fitusi orlfhisi widg,
a cover plate o] I RS Onf f fsgas

sensi ng el ect r%é%&ag%gche&q%gﬁst{%e oL 5 fc%hrf?a'é%l ce%:}%é)o géagggn%t&gnce
“whi ch does ndto ésakygﬁhefr@r@cﬁl@wewckmw oﬁ>$f§b9me34etqﬁrtqhgtmh@nm ghe

be one or mor&reRtt | apALS, aapofééégﬁEQEaanﬁroBﬂ.eﬁ sl ng et otk Pekl
The cover plate pl ocks access | ectrodes ot her than, the sensing

el ectrode. 949Si®Rs. syt Pat’%e‘F%ﬁ’tSeFPn Hetars AfsitiedarFParing hefcshde
plate acts g ythe BolSmedascaasessté owtilaceodssr ©idelat hanatibentagesusd

roating the VbaEaYeRking oRBrEanen phF ABa 193579 hYor o B Y | Fzglsn

el ectrodes, atidet ledecrrerde phaterdaitt edThis woﬁhé dddicyn &s chedmpl aoher

fabri cation of n r on the same substrate by depositing
el ecrf'?lgg% éggg Sgdiﬁﬁ g &

further arther cell conponents, either to forma
cell with several Ennshﬁgdelse@rr dideswhichother e@&atgodew subsiorater ispnet

th I
an, one SepaifkEuLebhS1 PA1R1AETTEN WIS WA cofthiAbl A nbaAELo

housi ng
Preferred enbbk!ﬁh‘én@éfé'ﬂsﬂ-ﬁ§ PhvERS & e FeRSiRC electreds st pttached

reference t06\P@ramméﬂﬁlengoﬁ”M@g%llé&tr\ﬂaéhassembly which does not
: carry the electrodes. The diffusion limiting means might
be one or more capillaries, a porous membrane, or a
combination of both. ' The cover plate blocks access of gas
to electrodes other than the sensing electrode. If the
substrate is itself the diffusion barrier, the cover plate
acts only to block gas access to electrodes other than the
sensing electrode. Alternatively in this case, gas access
might be blocked by treating the substrate to remove its
permeability- in areas over these electrodes, and the cover

plate omitted. :
The design is suitable for fabrication of more than
one'«‘ ‘Sensor on the same substrate by depositing further
T des, and adding further cell components, either to

fom ‘a cell with several sensing electrodes and other parts
in common, or more than one separate cells on a common
substrate using suitably . formed . housing and wick
components.- - '

Description of the Drawings

Preferred embodiments of the invention will now be
described with reference to the accompanying drawings in
which:
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8
i nventi on;

Figure 1 is a schematic view of a first enbodi nent of the
Figure 2 is a plan view of the first enbodi ment al ong

i ne 2-2W2%(148761; and : Figure 3 is a schematic vi ew ®CT/GRISO2600
enbodi nent of the invention. Description of the Preferred Enbodi nents

Referring

now to Figures 1 and 2 there i& shown an el ectrochenical gas

sensor 2 conprising a two part housing, nanmely a body part 4 which is
cylindrical with a hollow interior 6 for formng a electrolyte reservoir,

and a disc- sheppireéap genkerschemdbieevekbrciof el £ie561 anaboglinentO oFf

ni ckel or

the top oflﬁb

t he

1. ned cqgger_ have heads 14 thereon located in recesses 16 in
’4 the recesses 16 having a rectangul ar shape in

pl ane and a stemn@mrehapa5|m p&nmlvmewooisuhe[ﬁrmsﬂeembpdmmandeaémng
portions o] | exi substrate 20,‘in the formof a disc,
S dISpOSé%i %a%k%e# r agé gbabody menber 4. First, second and th|rd

el ectrodes 22, EMguas 3olﬁed schemaibicuraiewfof| acserondl gmboddmenty of
cat al yst Fﬁﬂé fﬂ@éht {ofTFE binder, are screen printed or filter deposited
a

onto the
in Figure
in recess

t hrough hol e
permtting atnospheric gas to diffuse through apertures 28 and thence,

Vi a mani
El ectrol yt
contact w

ower sur

ce of the substrate in the form of segnments as shown

2. An anmount of conductive pol yner/carbon conposite 26 is placed

Illed therein to a recessed nmanifold area 30 for

fol d pefsreingt Ifirdwghosmsjuzﬁésa 20 damd eRectherie 32 shown an

fFtRadpinteadouth] seB88 o diE A £, rbselih WBlEhe,

28 2 fﬁoﬁaﬁﬁ €RE! BebearPed  ithodithents The cap nmenber 8 has

(

porous felfhamehpen bedy part cénml'mcm ik aiyllrhd:eeca;lemt@des by Lihoans of

a plastic {horBOET B9£BR RBEmitg /OISO MNL £8s61058E, ahnling RASR DY

shaped cap member 8.  Three electrical terminal pins 10_df
nickel or tinned copper, have heads 14 thereon located in
recesses 16 in the top of housing body 4, the recesses 16
having a rectangular shape in plane and a stepped shape in
section so as to provide upper widened portions 18.

A porous flexible substrate 20, in the form of a disc,

is disposed on the upper surface of body member 4., First,
second and third electrodes 22, 24, 25 formed of a mixture
of electrically conductive .catalyst particles in PTFE
binder, are screen printed or filter deposited onto the
lower surface of the substrate in the form of segments as

shq” f1n Flgure 2. An amount of conductive ‘polymer/carbon
com ite 26 is placed in recesses. 16 over each contact pin
_hea&*ﬂ4;

- The cap member 8 has through holes 28 drilled therein
to a recessed manifold area 30 for permitting atmospheric
gas to diffuse through apertures 28 and thence, via
manifold area 30, through substrate 20 to electrode 22.

Electrolyte within electrolyte recess or reservoir 6

is maintained in contact with electrodes 22, 24, 25 by-

means of a wick 31 formed of a porous felt member, held in
contact with all three electrodes by means of a plastic U-
spring member 32. The reservoir is closed at the base by
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9° nmeans of a base nenber 34 having a pressure relief aperture at 36

cl osed by a_porous nenbrane 38. To assenble the structure shown in
Fisgure 1 anfOIO/M¥6 base part 4 has electrical terni nal PCE(GRISO2600
‘pins 10 p05|t|oned therein with conductl%F masses 26 positioned wthin
the . recesses 16 over the heads 14. In an alternative method of
assenbly, the nmaterial 26 may be applied either within the recesses or
applied to the contact pins prior to these being inserted into the body.

I n the next steama)fox%tssemsrga menbegu B4t having a ssunedrelief t Apertpref

the cylindricgl stbo%ioASed ﬁ?ﬁoﬁéeﬂ ?ahé aggplied in the areas A as

shown by neans of press I'n order to conpress the
substrate  and thé’%lwmb% ‘éhﬁosi:h‘élc@m'@r shoas iin Fkgure hnandh2, the

conduct i ve masafs Hadi 0fdehato BoRLieaASSUEinidA0CI a0 [ABhs! N0

substrate is securely fixed to the top of the  housing. The_conpression of

the el ect r od& S Shanein e With heonductivie,jpaRees,i 2R tResitioned
i npregnat i on witiin t heh@or eecedBes! | Al advéhe ﬁhéSthéaEQUSIIDH and the an

conducti ve SS 26,, ensur hat. the bstr el ectrodes ar
sealed to prgﬁetrﬁrqarrel r"l?stg}ﬁ] 8ff SFEE@EWt e&lﬁt d“anrfer"r%g JeYy: hae
el ect (rji calh cmpmh édanseltl'&mulvt:au:lemlsl yhe thecessesi corasappghbiedul ds ithel f
aroun t he e S p t iRg . 0

el ectrical. eacfﬁzf &; i}getéﬁ:'gara%%euc}%ﬁ ac?s‘ﬁg lﬁg%%éephégt% g:g‘t 6’833
Subsequent | y t he Irap therbenesti ssbepdedtt o assamhip(,of thée substrate bys
adhesi ve. %;ﬁ? n c S 6 and

in place by d;gnfsé& é:."fgrgf%ng'ﬂ%éj1 EQEI erbtcft)r #lyt eﬁ?ﬁ%&égl p@&ﬁ% reser%}%l&‘r3
and the bot 25 RELIRMRRris 3aPPliedeaRehen aneace X \a%| HAF PY MBBAYI AS.

I n operati on fprdis SEHSDr (ﬁB@V\@hbﬂnEI dw rderditth Zomp s PHIRE | §ub§€§ate
i ngresses throug ure into. mani fold rea 30. These ape :
28 attenuate 'fgi‘%wggiec Q%t?}‘??\etbﬁaﬁﬁmeranﬂ 28F#Fas :}FL??I 0£P Fer
for ‘conductive masses 26 in order to bond the assembly together
so that the substrate is securely fixed to the top of the
housing. The compression of the electrodes and the
substrate in the area A together with the impregnation into
the porous materials of the plastic housing and the
conductive mass 26, ensure that the substrate and
electrodes are sealed to prevent the ingression of
electrolyte into the regions of the electrical connections.
SimultaneouSly, " the _pl'astic mass 26 moulds itself around
the heads 6f the terminal pins, thereby assuring a good
electr:x.cal connection between the contact pins and the
eled: "rodes . |
Subsequently, the cap member 8 is bonded to the top of
the substrate by adhesive. The wick 31 is then placed into
- the reservoir space 6 and held in place by means of U
spring 32. Electrolyte is added to the reservoir and the
bottom cap member 34 is sealed in place by ultrasonic

bonding. |

In operation of the sensor shown in Figures 1 and 2,
atmospheric gas ingresses through apertures 28 into
manifold area 30. These apertures 28 attenuate the flow of
gas into the chamber and form a diffusion barrier for
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10 controlling the rate of gas inflow The gas flows through t he
substrate which in this enbodi rent does not forma  substantial diffusion
barrier MO¥HA4376 nto contact with the electrode 22. El ectPCOUGBID2600t S as .
a sensing el ectrode for a target gas present in the atnosphere, and where
this is present, racts as a catal yst f ot reacting the gas wwth water in
the electrolyte to produce ions in solution and el ectrons. At :
the counter electrode 24 oxygen in the electrolyte reacts with the ions
rel eased byontercldrgioigthe erater ode das cimPlewe arhel erds | £hdbwsi ERvblugh The
vol t age er h trqQ,c 1 cal I_ons ears_acrposs .

- contact pi %glglo,gﬁg%a?étrge%ﬁ%lgﬁg %lljr ?%Ir?tscf ﬁ)n\%%%%heﬁ&:ouéﬁ &n nogxt%rﬁhl a
circuit cosubstemtial rdiffysion hanpieur scogashe intmscamtaent wathobhe | n

addi tion, c8leRetipple 2P ackfedfrdde BOf @t s & %%}%leggl éggch h&ﬂ%gon

wth an external potentiostat circuit to biras t esire
voltage Pe/d@rget gasppraseniy Hwthe myrsPhryg cAndhahere sthindis
enbodi nent peleslet | RMATY |09, a séathayspatby tﬁd&gﬂ%@gébh% GagUEth Rhfer

denoted by .t he %rre reference. nunera n t hi s "emhodi rent, vari ous

a I.
di ff er enced™i 150%e SpRAFERLYLE FfSst IREOTR aclOBSn H¥adsSakuien npoanded
so as partiedldctronsn proAtudehér amumeetppslestirddse 2f Al ind. théhe

Por con 50 SRS ey PRRPES: MRl TR LEBEH rRitasiil oy pne SptSing
el ectrode 2lectwrods stenbotplete tar efpetricedp cndeitof tThe bedytagenot
Dot JErRAREy Onks o et | bl PSRRI Mlelle,  (
order to pFewtastpmEdisselComr@| aoyesulfdngacaryientdilewing othyorwgh Fhe
per meabi | | b r@Bhale dibdoth EGAnbBReBNitd &the SYPSE T 3k€ 0MmdmdiAd 6gk i eﬁ:éhe
region 42 Eysfor exar‘rgl e i gr essing Oédigygrelgnatl nc%_ég hi gh%r perneabi ity
substrate €85 FRRCEBRCYRAELIBBr nealf id9C I FHFWR odPNEREL D! AS glr e
3, the subseferenaed ekéettoddes iaie seajefictdonhe wppkr i f aerceinibe
housi ng potentiostat circuit to bias the cell to a desired voltage
level. : '
Referring now to Figure 3 which shows a second
embodiment of the invention, similar parts to those .of
Figure 1 are denoted by the same reference numeral. In
this embodiment, various differences will be apparent.
Firstly, contact pin heads 14 are mounted so as partially
' to protrude from the upper surface of body part 4. The
upper surface of substrate 20 has a gas impervious layer 40
coated thereon so that gas may only ingress in a central
reggi,_dn 42 above electrode 22. 1In this embodiment the upper
cap member of the body is not present. The substrate 20 is
of a low but controlled permeability of diffusivity in
order to define a diffusion barrier for incoming gas in
order -to provide precise control over the rate of ingress
of gas. The permeability may be uniform for the entire
substrate or modified in the region 42 by fqr. example
pressing or impregnating a higher permeability substrate to
reduce the permeability..

In the embodiment of Figure 3, the substrate and
electrodes are sealed to the upper surface of the housing
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process as descri bed with reference to Figure 1. However, in this

enbodi nent % %trodes 22, 24 mould thensel ves around the 38,9%(%% i n
) : : : %/H%go
maKe

heads 14 an irect electrical connection therewth.

enbodi ment a porous matrix 44 is disposed qythin reservoir space 6 in
order to hold electrolyte by capillary action. The upper surface of the
matrix 44 is conpressed against the electrodes, or alternatively, a

conpressive insert_ is enployed to ensure that electrical contact is
mai nt ai ned WRAEY HeY eRePECSHSS as describedy Wathe XERRRENGRNTDF4@RFSed - by

Cfmbit ni 39 fe}ﬁivgéxeér L rlgm thEQ éﬁ%bdﬁiié’:ﬁ@l &he aamtéettrod\éhl |22, thmeemould
el ectrodes ar escyi bed as ing on the sange, substra
RN AR ST ICONAT SF G e D Lk
reference el esieotiei cal cmméetlohetheﬂdellmy be di sposed el sewhere in the
cell configurati ot her tha & S bs I Qnal I
hi gh concentrati oﬁgn of® p@mﬁ} g séé%é‘égpa{?aatf%l acce4tss or é§?8§ﬁd
m ght be prowmmmorebervoaumtmaeendsr eirer ewdereltaxt hodds eb‘gecmhrm by
passages ing e bnt Ne pady I SgAg

é Bé hkfh. kad \ﬂf& nseaﬂirfééé & tl}% ﬁ%‘i‘:r:.?ca £AI93

carrying a sup reefromthe ﬁg
el ectrol yte mmmeswﬂaowabqsa gelheoreleetyades. i fOquélteénéﬁéVGéIYQn ghe

el ectrodes. comprdlyiedl NGhsdrite 1§bcéfﬁ'plc5§“é&r 'tBedenQE[PQd't'!ﬁH SelectBecal

foll ow ng advant ages are apparent pl anar el ectrode
assenbly si Anact 1% maletatned ‘H{LFheFBSt P&&é‘§r€§ﬁsbe produced in a

Si n?I et progess .é&eiheeﬁgpbd@sdw&tdm?i B=OI a%y_u_s;@_d)L Wﬁeaam}zsgnmgal
contacts an orns contacts rapidly and sinultaneou W t e, ce
assenbly proceRatures Irem, %%ﬁ B a%’f‘amﬂi?ﬁod s th@? ?ea&&ﬁ?e

of el ectrol ywkeatondhss t herec cdesct tbed raacogeingd gnr obhemsame csnbsttrateal
et s U bl HEERET 58 AL M i Ve COFTRALLERYD' CnEeRES

t he contact conductor dur
functions or one or both of a reference electrode or

counter electrode may be disposed elsewhere in the cell
configuration other than on the substrate.

Additionally, if high concentrations of gas are to be
sensed, separate access for oxygen might be provided to the
counter and reference electrodes by means of passages
included in either the body or cap of _thé cell, these
passages carrying a supply of air free from the sensed gas.

The liquid electrolyte may be replaced by a gel or
polymer, if required pasted on the electrodes. |

;"-__.Reviewing the above described embodiments, the
d0wing advantages are apparent:

(1) The planar electrode assembly simplifies
produ'ction - all electrodes can be produced in a single

process; _

(2) The contact method avoids use of expensive metal
contacts and forms contacts r_apidly' and simultaneously with
the cell assembly process;

(3) The contact method means that leakage of
electrolyte around the contacts, a recognised problem in
conventional cells, is avoided. The use of a conductive
polymer composite which coats the contact conductor during
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12 the seal process is particularly advantageous in ensuring
reliability if nmetallic conductors are used, as these are very susceptible
to corr o¥ON§1#376¢| ectrol yte | eakage occurs; (4) ThePEEIGRIN02600
contacting the electrode material in -#egion renote fromthe electrolyte
prevents changes in contact resistanc n use arising fromnovenent of the
contact relative to the electrode and ingress of electrolyte into’
the gap, a problem recognised in conventional designs. (5) The
seal proctbe geal procgssstisngairticuladiiychadvantagestiantint oehsaking
(6) The spahls of ¢C S ) d r .assenbly neans
t hat asse%llﬁa?)lsirﬂrlg:& d{.fom @c%%g'g'gtcs e @%ﬁ%ﬁ%e%ﬁe g‘r?ig?'ndlgvi d%%ﬁsf'%/ ?%3ust
and so daNg&¥¥ dFusREPBiRbab| §Oi s apnreeign if elpcthiedyid | Leakagent s
are produgggysgi;ng sinple conventional processes.* (8) The sinple
cell assenbly process is ca abégh aut Qnati on. (9) The planar

€

of
el ectrode asserffily The SRt GANLRAFEBTCILHE IRES RS dnatepota l ednion
the same gubségide iremothi Sfsbrulthdeeleatirbedtre Hlevehs Pchunded0ig than

one sensgroht%b% J‘s:ggils g\ﬁ%et oigi f&seéergr asesivé n the sanme device.
13 : g vgrom movements ofnskhe
i ncl udi ngcontact =aelabiteat et620)that ledasitfodst amdt secagdeskect ppdes
bei ng_por S1EeREonysd “TRsS: col,” BRran &1 nE e o ESERERISEY pothi «
per neat i opoovegidonalt Idesdlgd s ode fromthe exterior of the gas sensor, a
housing (4) coniyi AY Jeaf! BEbERLY! &ivREETd ChighSherBhbthN Hel Wi & (
is resistant to leaks. SR e _
(6) The small number of components and processes
needed for assembly means that assembly is rapid and cheap.
The components are individually robust and so damage-during'
assembly is unlikely. - o
(7) The cell components are produced using simple
conventional processes. . , |
(8) The simple cell assembly process is capable of
automation.
(9) The planar electrode assembly allows more than
" three electrodes to be deposited on the same substrate if
this should be required, e.g. to ‘provide more than one
sensor, e.g. sensitive to different gases, in the same
devige.



means nmounted in or to the housing (10) for nmaking external electrical
connection to at |least the first el ectrode, characterised in that
t he substrate and housing are bonded together in a peripheral area (A), and
a -portion JYOPHMS¢ st el ectrode extends through said peri phePGI/GBISA6ND o
posi ti on—adjacent—the—termmnal neans, sai afondl ng serving to hold the

' | ' I cal connection wth one

t erm nal Iectrodeln ele
anot her, Fﬁﬂmﬁﬂﬁ M’Em!ﬁl ng of a material which i s pOThisShect HastBeén Replaced
el ectrol yt gy andy s trode portion being treatedi nLﬂﬁﬂﬂl“"Hﬂwmr

area to block the porosity thereof, in C@LRIMSO prevent
permeating through the electrode to the electrical connectlon
sensor according to claim1l wherein the substrate is bonded to a peri pheral

regi on of thd-houdi SpHEEFORpNGEEiR%: of heat and/or pressure. 3. A
gas sensor accordlangsh%s@x@t@ 1 gk 21pB8kei BikBe hondi ngeeénéorgfécefozz
housi ng body contaj ning the el ectrolyte reservoir, and housi ng cap_(8
and wherein tfﬁ’é"%sar%gp‘éﬁ‘buﬁei’;ﬁ@§raq;l%%rp%afahﬁels“mratt@'t 4 nfRess

of at nospher iggH@Asate theiagbPordhs atéd.leasth gﬁSasefé@ioﬁCfafaﬁdact Othe
claiml or 2 wherein the s%gstrgtefornsaclosurefor g %p sur f ace of
PHAE t y si 8%ha

the housing, fAF®thaSle QucReIILY RYARELOR); 1P %9 er ERYr
controlling m@ddmﬂe)ffmzs the téret et ot rofieshe ghs senfogas sensor

i sposed betveon Ehaita GBEHINRE B Pravdin, oL AR AT Gutalye
| npregnati ngfblmdqntacmlrm:tﬁhﬂje&leCﬁ'odeSA gas sensor according to claim4
wherein a recess 'eat%rﬁaaldeée enad el Gfbeheel L BPAko ™AL hdudlhgh

i s di sposed said conductive t1 C mass,
14 7. A g£9rséwé*n@c@e;rtemglt cﬁleﬁrytw%%dpﬁgnelc&.lmm effi thpest the
el ectrical" tquriasrtalelrgta&sodes a contact pin disposed in the housing. 8.

"A gas sensor accor to an recedi ng ai m wherejin the _second e] ectrode

s electrically o 3 PoPLESR o3’ thist F120C B ACtFRAE, Sbedsmiera o

the first el p@tsruuiain t@djracehtm term:mal means whereat the terminal
means and first electrode are held in electrical connection

with one another while blocking the porosity of the
electrode in order to prevent electrolyte permeating
through' the electrode to the electrical connection.

2. A gas sensor according to claim 1 wherein the
substrate is bonded to a peripheral region of the housing
by the application of heat and/or pressure.

3. A gé.s sensor according to claim 1 or 2 wherein the
housing is formed as a housing body containing the
eleéffolyte reservoir, and a housing cap, and wherein the
housing cap defines a diffusion barrier to the ingress of
atmospheric gas to the substrate.

4. A g'as sensor according to claim 1 or 2 wherein the
substrate forms a closure for the upper surface of the
housing, and has a porosity such as to provide a diffusion
barrier for controlling the flow of gas to the electrodes.

5. A gas sensor according to any preceding claim wherein



9. A gas sensor according to any preceding claimwherein the el ectrodes
are forned of a poroﬂummﬁu"mmmonductlve mat eri al contai ning catal yst
mat eri al to s A gas sensor according to any
precedi ng ¢ a| mwherel n the sfbsfrate is a porous flexibl e PRRIGHIDE600 th a
‘predetermned diffusivity in the regionqqf the first electrode. 11. A )
gas sensor according. to any preceding clalmincluding wick neans (32) in

the reservoir for holding the electrolyte in contact with the el ectrodes.
12. A gas sensor accordiing to any clajns 1 to 10 including a porous nass

(44) in thd TV oPYRAHiGigMRRE et 8ctdifnased nbeswesn theh fimst
el ect r odeseledBrodeA ard h@ﬁeOfeP&S@ﬁﬂ:aDg terédnaleNseanst heirﬁiféé@&iarr ng
ctrolyt

conpri si ng; ng a housing (4) containing an
reservoir %%? féﬁﬁtt%e% g having associated therewith electrica
term nal neans (10); 2) providing at |east first and second

el ectrodes (22 2 el trate (20 t he el ectrodes being |
porous to o ectroégts seé;rggzs é’gc): g’% % d‘(at:'ﬁ%'% TTELR PeFRGSAP tH5t he
housi ng sd)mmdadp@mxmd othehelfacrts:tloalectem:anais mesrts oive dwhdiche eig
sai d el ectd] gabstar Bhag! BRANRLiYeAitddRegledr ea (A); and 4)

bondi ng the strate to t ousin e peripheral area so that. the
first electrode is electri caI |y connected with the electrical termninal
nmeans, they por Ofi busOfsdrliniel £6E6LdendeitBY PP Gke-édihde RS hlp*&ﬁ{é%.le%ea
to prevent nﬁatlon of electrolyte to the éelectri caT connecti on _
A nmethod ati®r BLRGLESCata;HRTL BPRNSE hdSs@pGontiacth sobpnddgposed in

peri pher al thedhoasbhgt he housing by the application of heat and/or J
pressure. 15 15. A et ho

according to cl aim 14 wherein a conductive plastic mass (26), preferably a
pol yner coht ai nhngasomensta eageerdihes o anyntpreuadindetiacn weddirst

el ectrode @gpg el al | éﬁ%& |v ri 1. e..bondi

process the rrass%%ff%s |étllse aroun theralee%%t |cai|1q{y| e # Q%’d

i rrpregnat @l%%%r?rq:qigt tgragngggemeans in similar manner to the first
electrical terminal means. :

9. A gas sensor according to any preceding claim wheréin
the - electrodes are formed of a porous -electrically
conductive material containing catalyst material bonded to
said substrate.

10. A gas sensor according to any preceding claim wherein
the substrate is a porous flexible material with a
predeterm:.ned diffusivity in the region .of the first

'11._ A gas sensor according . to. any pr.eceding claim
inclu_ding wick means in the 'reservoi_r for holding the
electrolyte in contact with the electrodes.

12. A gas sensor according to any claims 1 to 10 including
a porous mass in the reservoir for holding the electrolyte
in contact with the electrodes.

13. A method of assembling a gas sensor, the method
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i6. A net

hod accordin ns 13 15 wherein the second

to an
electrode is electri c}m’i“ "“H“ﬁﬂllimnr a manner simlar to that of the
first el ectrode. o
/14576 * c L M

AMENDED S

PCT/GB95/02600
15

comprising; _

1) providing at least first and second electrodes as
porous planar elements on a substrate; |

2) providing a housing containing a reservoir for
liquid electrolyte, and the housing having associated
therewith electrical terminal means;

3) positioning the substrate relative to the housing
so that a portion of ‘the first electrode is positioned
adjacent said electrical terminal means; and

4) bonding the substrate to the housing so that the
first electrode is electrically connected with the
electrical . terminal means while the porosity of the
electrode is blocked in the region of the electrical
connection to prevent permeation of electrolyte to the
electrical connection.

14. A method according to claim 13 wherein the substrate
is bonded to a peripheral region of the housing by the
application of heat and/or pressure.

15. A method according to claim 14 wherein a conductive
plastic mass, preferably a polymer containing conductive
particles, is interposed between the first electrode and
electrically conductive means so that during the bonding
process the mass moulds itself around the electrical
terma:nal means and 1mpregnates the first electrode.

16. A method according to any of claims 13 to 15 wherein
the second electrode is electrically connected in a manner
similar to that of the first electrode. '
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