1 AN | MPROVED TEMPERATURE COVPENSATED ELECTROCHEM CAL

GAS SENSCR AND METHOD FOR CLOSELY TRACKI NG THE TEMPERATURE

SVARI ATIONS OF A GAS. TO BE SENSED Field of Invention Thi s

i nvention relates to el ectrochem cal. gas sensors for electrically

signal ling the concentration of an electrochem cally active gas, such as
oxygeg, in a gas mxture and nore part- icularly to inproved apparatus and
nmet hotls for closely tracking tenperature variations of the gases applied to
the gas sensor permtting accurate conpensation for the tenperature var-

I ations. Background of Invention El ectrochem cal gas sensors are
well known in the prior art for accurately detecting the concentration of
an el ectro-
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10 AN IMPROVED TEMPERATURE COMPENSATED ELECTROCHEMICAL
GAS SENSOR AND METHOD FOR CLOSELY TRACKING THE
TEMPERATURE VARIATIONS OF A GAS TO BE SENSED

Field of Invention

15 This invention relates to electrochemical gas sensors for
electrically signalling the concentration of an electrochemically
active gas, such as oxygen, in a gas mixture and more part-.
icularly to improved apparatus and methods for closely tracking
temperature variations of the gases applied to the gas sensor

20 permitting accurate compensation for the temperature var-
iations.

Background of Invention

Electrochemical gés sensors are well known in the prior

25 art for accurately detectiné the concentration of an electro-
chemically active gas, such as oxygen, in a gas mixture. The
concentration of the gas is externally signalled by the elec-
trical sighal generated by the presence of the active gas that
is oxidized or reduced at the surface of the gas sensing

30 cathode electrode. The gas sensors comprise anode and cathode
electrodes immersed in a pool of a liquid electrolyte. The
electrical output signal from these gas sensors are in the
form of an electrical current that corresponds to the partial
pressure of the active gas being sensed. The current signal

35 can be converted to a voltage signal by the mounting of a
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themically active gas, such as oxygen, in a gas mxture. The concentration
of the gas is externally signalled by the elec- trical signal generated by
4 he presence of the active gas that is oxidized or reduced at the surface
of the gas sensing cathode el ectrode. _The gas sensors conpri se anode and
cat hode el ectrodes inmmersed in a poolzof aliquid electrolyte. The

el ectrical output signal fromth (aéhF sensor s are | e formof an
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dependeputphtt ﬁ@gﬂéhgeaa@u%p%wd%fe Qjasthrﬁ shempe rarmxice @ft fdee8S The out put

si gnal 5mEScQﬁ}:EhSpﬁﬁﬂé@réhéf‘é{@élserﬂ\é tda it RGN % Iﬂ}&dﬂ%@e@&aga&ar e of
t he appl,i ed gases, This change in, out ut SI a rﬁ%ﬂ%the ch nge in the
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di f f usi dA°FEEES Vlf‘heaﬁaénﬁ? 257 1 Hr ﬁé’pfl&F he gas
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due g thg Qigﬁugséﬁuﬁ.é@@ {u?tf%é)f%é{‘%%%ersn e ohr ‘b?r'ixe%ee 4 \&tt Hi%ﬂiﬁ&%ﬂ% for

t he gas sensor ase re ults I'n
erroneoﬁgro@ihpugael ganfobi the ‘elmdamh%n |mpﬁriﬂ%¢&t§as té@n@éGCt‘Fécal
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accurate out put S|8na S, a suitable therm stor is conventionally nounted on

the pri ﬁPé&scFPEBP th’é?d’-BH“F HRETFREANG) £ 4 Fhfh A% REHSOX <ThESt Rer ni st or
provi degeanlel, eehei eatpatt pilgnsl gividrdade arhgirlit s1@irprarc @yransatisng t he

sensoingEBHE §k8ﬁ§i of the concentration of the gas sensed. To

compensate the output signals for the temperature variations
and provide accurate output signals, a suitable thermistor is
conventionally mmounted on the printed circuit board on the rear
of the gas sensor. The thermistor provides an electrical output

20 signal for adjusting or compensating the sensor output signal
for the temperature variations in the applied gas. This enables
the gas sensor to provide accurate measurements of the con-
centrations of the sensed active gas at various temperatures
without any additional correction being required. These gas

25 sensors have a sensing membrane at éhe front side for receiving
the gas mixture to be analyzed. A pool of electrolyte is stored
between the input sensing membrane and an expansion membrane.
The thermistor is spaced from the electrolyte. This prior art
arrangement of the thermistor in gas sensors has been found to

30 take a long time to equilibrate the changes in temperature of the gas
mixture applied to the sensor in order to provide a temperature
compensation signal. The thermistor in these prior art sensor
arrangements is exposed to the gas indergoing analysis im-
mediately upon application of the gas mixture to the sensor,

35 while it takes 30-40 minutes for the sensor body to see a change
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for the tenperature variations in the applied gas. This enables the gas
sensor to provide accurate neasurenents of the con- centrations of the
sensed active gas at various tenperatures w thout any additional correction
bei ng required. These gas sensors have a sensing nenbrane at the front side
for receiving the gas mxture to be anaPyzed A pool of electrolyte is
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of the oxygen requir a patiént an et ri nment al

pati ent. QQER%?h%ﬁﬂ%PltﬁRﬁ%?rn§r§ ﬂP§§6ﬁPCRQeHYfHﬁrxﬁngnﬁﬁBPQHa§$b%§a?ﬁs and

met hod f othéyss GliogRined lapgkiiRkd 28dtaenpassakhBoratoepeoanelggedl cal

out put signal for errors introduced by varying tenperatures of the gas

m xtures applied to the gas sensor to be anal yzed. Summary of |nvention
15 Summary of Invention

The present invention is an improved, more sensitive,
electrochemical gas sensor having improved methods and means for
tracking the Etemperature changes in the gases applied to the
sensors for permitting the temperature compensation signals

20  to be rapidly developed and utilized without any time delay,
for providing correct, temperature compensated output signals
and thereby accurate electrical output signals representative
of the concentrations of the electrochemical active gases
applied to the gas sensor to be analyzed. The above advantages

25 are produced with small change in the cost of producing the
improved gés sensor.

From a structural standpoint, the improved electro-
chemical éés sensor includes thermistor means mounted adjacent
to an expansion membrane, that is in contact with the gas sensor

30 electrolyte and contains same, in a substantially thermal
isolated relationship with respect to the temperature of the
gases to be sensed conveyed to the gas sensor so that any
change in the temperature of the gas to be sensed is not
directly conveyed to the thermistor means whereby the gas

35 sensor and the thermistor means both experience any change in
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The present invention is an inproved, nore sensitive, electrochenical gas
sensor having inproved nethods and means for tracking the tenperature
thanges in the gases applied to the sensors for permtting the tenperature
conpensation signals to be rapidly devqioped and utilized wi thout any tinme
delay, for providing correct, tenperature conpensated output signals and
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signals due to the temperature variations of the gas mixture,
mounting thermistor means in the gas sensor in a preselected
thermal insulative manner for minimizing any direct heat transfer
to the thermistor means so that fhe gas sensor body and the

20 thermistor means are exposed to the temperature variations of the
gas mixture at essentially the same time for thereby permitting
accurate compensation of the electrical outpﬁt signals from the
gas sensor, without any time delay, thereby providing accurate
output signals of the concentrations of the sensed gases despite

25 temperature variations in the applied gas mixtures.

The method includes the steps of mounting the thermistor
means in a:heat sink adjacent the gas sensor electrolyte and
providing a plurality of thermal insulators stacked in the gas
sensor with the thermistor means lead wires spiraled into coils

30 and electrically accessible outside the gas sensor.
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of a cathodic reaction whereby the electrical output signal is
representative of the concentration of the sensed electro- chemcally
:active gas that varies with the tenperatures of the gas m xtures thereby
resulting in erroneous electrical out pug signals due to the tenperature
variations of the gas m xture, nmounting“therm stor neans in the gas sensor
in a gresglect et dAadmlod wrulald Y RRRET fokﬂ@dﬂh&hﬂg %w direct heat
transfer totne thermstor_neans so that th as sensor body and the

t her mi stor means B dissafhey dieatvsppeplf the PAPFERFoRRBVERtIOR TRY
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concert rati ons ofFidie Isesedagasaectéspaleviewperfatupeivaranti ehsctriot he
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t herm st ?en@aer%yi?ﬁassa Sreat &ag}ggdqu%gﬁg s# g gg’?‘éégg‘é?ge?‘é’é?%% y?g&?ihd
provi di ng a pl ur @i%y fig lferar@phissdl dldnstrabirpdofnthRcI@BSSSREBDr Wit h
the therngstmig Means d @3 MY utihier 8h§HahNvQr§RLE8n8NEuE! 61 LhERLAYeq
accessi bl e outside the gas sensor., ,Brief Description of the
Drawi ngs temperatyres, ofdhh 198s MeaturesappléftobPnEesIdF FHRSPF esent

i nventg on nay be Fioy.e ¥ uld \a appsacisecedonhenveewsofeagdeldctrotgbbioilt he

foll ow n?gé@ eéérf .&atﬂ.pa;}{lglraé"gt}e%rngwg Sbliogﬁy%! gg?c]é%‘ggsgexggégatl}ré S Cross

sectional”view of a ecfro-"c ) n aving therm stor
t enper at Waridtisrs &t dihe gas mixtprgs appiiedgtaphheapas| semsenténd of the

gas sensodm¥afinl theldddntalindehRYbnsi gnal variations due to increased
tenpegatures of tthhe gas mxture applied to the gas sensor;

! Fig. 3
is a cross secti didl- A & & VAEvelfaomr §BRekPPaPfgan uBREBEeR A\ TRy REERRTT or
cl oseldy ticskiny HegIAtiles back side of the gas sensor of Fig. 3 and

illustrating the spiral assembly of the thermistor leads, in

part illustrated in dotted outline; )
Fig. 5 is a side view of_ the thermistor arrangement as
viewed in Fig. 4; ’
20 Fig. 6 is a detached view of the top of the printed
circuit board assembly as utilized in the gas sensor of Fig. 3:
and o . ‘ .
Fig. 7 is a graphical illustration of the gas sensor of
Figs. 3-6 electrical output signal variations due to the increase
25 in the temperature of the gas mixture applied to the gas sensor.

30
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“variations of the gas mixtures applied to the gas sensor and enbodyi ng the
present invention; Fig. 41is aviewfromthe top of an unpatted,
.therm stor, |ooking towards the back side of the gas sensor of Fig. 3 and
illustrating the spiral assenbly of the.therm stor |eads, in part
illustrated in dotted outline; |g .5 1s a side view of the

t her 6 ad . i :

gas sensor of F|@m:§nd§n$tanding Oﬁlghe7pt9béegra§ht’ajP¥$$%ﬁkr%ﬂ¥on of the
gas sensqlrdinidASom o ¥18dtrothem@UbRUbas] Qéﬁlsoi‘él%é‘é' R €eifpdtatiiee

I ncrease 1 n the tenperature of the gas m xture ﬁgglled 0 thﬁvgas sensor.
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appreC|atstanﬁund$}ruﬂht1aiEQﬂn90hﬂpiGaéngaSsSdhsgroéédlhelblmsﬁmﬂtQ%eln
benefits @f ”‘Fa[lé)‘ée ﬁtcfzu%tx'{r?’%hlh?nce‘cggérBEhS%CéénQ&? BE6PSPFodD s

il lustrate as a pri g nict as sensor for_prod-
uci ng a dacfmlac qaédlﬂqldh THaqtiengas SBRsPAR ‘éa{‘ﬁbﬁﬁ EPEE?%d% q?’ﬂf?f?et he

gasl 51@38 ?Iz t%te 1 hpd Q;e.rrfé%&t | OrhieS catﬁdasedrelact?aﬁgﬂs igi’@d@@é& Mt ures

applie 0 a sensor ode, el ectrode

associ at eﬁesﬁl‘?ﬁ% §°1 ec‘%al'sod’b1 &‘rﬁeaﬁ?ﬁlﬁa g ostPEaBRE BFREPT o?é)tvéhﬁ% B%r ed

in the comatliots di@asiddd i wEnd bbeyaksocihtedeanodelfledhrodéekdratgte 16

has a pr | .S | neg 20 and
Presel 60 nbranea%;izéi &e%ce olig-wesa ER8rEAl Bn gfe! genﬁgm@ £8

t he expansi on e t he 05 osite si anod
el ect r odefafigingn thee %ﬁ}h &hec sepger120 - Th@hgagfectrolyte 16 has a

15 preselected volume defined between the thin sensing membrane 20
and the expansion membrane 22 spaced on the opposite side of
the anode electrode 14 from the cathode electrode 12. The back
side of the container 18 is closed off by the provision of a
printed circuit board 24 illustrated spaced from the membrane 22
20  and mounting a thermistor 26 and a plurality of resistors 28.
An electrical connector 30 is connected to the printed circuit
board 24 for deriving the electrical output signals produced
by the aforementioned cathodic reaction and the thermistor
signals to be combined for compensating for any temperature
25 changes in the gas mixture applied to the gas sensor 10 in a
well known manner. This structure is typical of the prior art
galvanic type of electrochemical gas sensors capable of sensing
the conceﬁtrations of electrochemically active gases, such as
oxygen, in the gas mixtures applied to the gas sensor in parts
30 per million. It should be recognized by those skilled in the
art that the present invention is also applicable to other types
of gas sensors including polarographic type gas sensors.
As illustrated in Fig. 1, the open end of the container
18 is illustrated with an open ended threaded member 32 for .
35 receiving the gas mixtures applied to the gas sensor 10. This

I
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'side of the container 18 is closed off by the provision of a printed
circuit board 24 illustrated spaced fromthe nenbrane 22 and nounting a
thermstor 26 and a plurality of resistors 28. An electrical connector 30
is connected to the printed circuit boapd 24 for deriving the electrical
out put signals produced by the aforenentioned cathodic reaction and the

t her m styjor ﬁéﬁﬁaﬂss the @%sC%@ﬁlsﬁlebotoCBEpéﬂﬁééaée teraagyitapergdsire
changes in the m xt ur,e .ap ed to the gas sensor 10 in a well known
anner - T RS G CRE 8RS HEXERESE BLDVARF v 2578 g of
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to the gas sensor co nized by those
skilled3n émre‘mnammaltl% 1|é-r1@§éﬁateﬁvent flohted au‘séla@pw%wda to theer
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illustrated in Fé&’ the op end of the"contai ner 11 lustrated
with an opéif &fidRazesi&e ﬁgﬁbgPSSEePﬁPr LBCcERGi fi anFﬁ%tﬁﬁglﬂWX?§w¥¥9
appl i ed to dletgaschesrical h@thEhgas in the gas mixture produces a cathodﬂb

permts the e t, b ed.t suit for
receiving th "gaseassf: nq.%)%ttu Si%s em% ng gﬁlaﬁgfﬁn ﬁgé’gﬁgg?’hs‘f £ SFs neg
menbr an® 2@asSpuevidiag blm@llelmytlbelconsrentt edtpﬁta‘p‘ummlurﬁmm piresti c.

The gas bl agdqdey ciloa&re??&tén%ltwe' bkweﬁéa&eﬂcéﬁtgaﬂsﬂ Sttihdesemu ed to
the menber 32 in Fi g Upon agﬁel cation, of gas m xture to be
c

anal yzed tcga(%é'”gzﬁ‘es@ﬁ?om-ﬁufﬁe eﬁi’-FﬁFFhﬁan CFH eR} cC1P RS TRRGFL Eed

active gas o d hmlmemox:tﬁyu& pigrutepyathat pedivistunreftat haitaisleueutput
t he oxi dat |ro
e
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current outpu lsézlogfna% % t%ﬁe Egngg% iﬁtgggrg?é’ﬁ?g? eo%n¥§ gé,{s&? 10.
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can be conwgld ekample will convert the putput currents to a voltage signal
' in millivolts. It is also well known that electrical output

signals frqp the gas sensors 10 are also dependent on the temp-
erature and the temperature variations of the gas mixtures

20 applied to the sensor. The electrical output signals increase
in magnitude with the increases in the temperatures of the gas
mixture being sensed or analyzed. This change in output signal
is due to the change in the diffusion rate of the applied gas
through the thin sensing membrane 20. At the higher gas temp-

25 eratures the output electrical signals increase dué to the high
diffusion rate of the applied gas through the sensing membrane
20 and thereby the derived output signals erroneously signal
the concentration of the sensed active gas in the applied gas

_ mixture. The prior art gas sensors utilized a temperature

30 sensing device in the form of the thermistor 26 mounted on the
printed circuit board 24 for the gas sensor 10 to provide an
electrical output signal representative of the temperature change
in the applied gas to the gas sensor. The thermistor output
signal is utilized as a temperature compensating signal for the

35 erroneously generated sensor output signal to provide the correct
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to a voltage output signal by the provision of a suitable output resistor
coupl ed across the output termnals of the sensor 10. A ten ohmresistor
rounted on the printed circuit board 24, for exanple will convert the
output currents to a voltage signal in mllivolts. It is also well known
that electri cal out put signals fromthe g&s sensors 10 are al so dependent
on the Henp %tgre a erature, varjations, of the S, m xtures

ri’?‘ the te % gat
appl i ed"t o YHE TeRrdd FETBEREFFELaf ChUE DRt tEPRRER EUF R Y REERE 1 9P S mgni t ude
wth the i egdds hmwwmhewnehpgrtattbeeseed fbe gaditiebal ecdmerectsensed or

anal yzed. TieS +$32098 to? gqggatlssag ahta;iggs te Lhg.ghange é

t
diffusion rate of the appli rou n-Sensi ng rang 20. At
t he hi gher SFAFEEnFOmPrRENtSs othsh 8u§ﬁ%§°§l@%m¢r%§¢ds$g%%§%s|ﬁ%ﬁéase due to

the high diknowsi @drcatie eanhbe.aps! ted ge%ﬁﬂ@aa&é@eﬁﬁ&ﬂs‘»mmrbr ane 20
and thereb)é.the derived out pu%i é erro eou ‘%R t he. concentration
Yku2ons] 8a th
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an electrical output sig resentative o e 1n the
appl i ed gaf*ed the gas §§ﬁ§6F Phe ?ﬁe%ﬁ1b@@ﬁndﬁhﬁﬁtt%¢gm%§ $ensny Hodxl as

a tenpgoat ltra&e@oﬁp(tﬂ&%t pagl&agaal ther ot 8€r es £ 05eoLs| ﬂ(xl&%@é ot S LRG0 in
out put sig rOV|Ee t he nal conpensated

rre
for the te gF?fﬁggrﬁa egPFSnég H%E;e???kﬁﬁﬁk¥ %%?ﬁ%%t cCSRRRF Fiire
addi ti onal changectinonbe Ipeltibkar gastwixsigaal sTRie tlizhéid@mi OLre g+ out

the tem- Gidiube ;6AMRARENES AL,t0g: Sso0ly UENELe] 2,51 LD Jhuf KIOW

circuit manne reci m vl e
to be anal PPedetwermmadi aﬂépyeéxpeseuetbomzne t?\fernasp@tlarﬁtamd aasczaLtJe;aJlt

si gnal 35a QFReLALY @herein the supply of oxygen, for example, is mon-
itored this time delay. is excessive and the errors introduced
with the delayed tempetrature tracking by the thermistor could
be up to 10% of the required oxygen supply and could be
detrimental to a patient.

20 The time delay introduced by the erroneocus temperature
tracking by the thermistor 26 for the yas sensor 10 is
graphically illustrated in Fig. 2 for a temperature change from
24 degrees centigrade to 40 degrees centrigade for tests con-
ducted on three different gas sensors of the type of gas sensor

25 10. The space between the vertical 1lines in Fig. 2 represent
5 minutes in time. All three gas sensors signalled an immediate
drop in the value of the electrical output signal due to the
thermistor 26 being immediately exposed to the temperature
change with a gradual increase in value as the sensor body

30 absorbs the temperature change with time. The electrical output
signal reaches a steady state condition after the time delay
period required by the sensor body and associated elements to
reach the changed temperature, in the above example the 40 de-
grees C. This time delay period for the cells of Fig. 2 can

35 be seen to be substantial, on the order of 30 minutes.
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thange that produces an initial |ow, erroneous output signal fromthe gas
sensor 10. It is known that the gas sensor body takes a tine period on the
order of 30-40 mnutes to change in tenperature before it will correctly
signal the tenperature change in the applied gas m xture. This tine del ay
in pro- viding accurate electrical out putgsi gnal s has been found to be

bet 30 m t F t t

V\Ee\rNZ?th hemsﬂgpfflwt&% %&eﬁg%’& %Eé’%gﬁggjé %3 I n oérljécgaéﬂ 5"r:er?mdel ay
is exceSS|mam@hdtmhelﬂmuuW$dlgﬁsodansdrmlbh oﬁetManytﬁbmtwﬁnﬂentwqp will
tracking Db d Reahiglel Ofcoﬁglah@t%nuwﬂcﬂ éﬁéﬂrﬁ@&f@gmﬁﬁsm spppl y

and coul d etrlnen a time delay iIntroduced

by the errdﬁéﬁhs nﬁ@ﬂaﬁ@ﬁegrPPééEPhgrbyr?ﬁ%n¥%%+ﬂ¥s?%r ¥ for tHE gas

sensor 80 iyh e i aRtheRhre idel Wkl ghedahicFigp e%ieétfoéw:m s change
from 24 degrees ent| rade to 40 ,degrees ceng r| éxﬁ“ %i con- ducted

on three dis¥&Bntlhef Féfsorts 167 1 HBSF§5Eer1©a l%en
bet ween thetheer:hnpmalveldl ReYangemept Zorepensend tie napplbsd igad |ﬂ:mnpe@da{tures

t hree gas Sf I nal led_ an in

el ectrical ggfgﬁ%€§%§ gh g% egg%gr?%ern1 ? é?%é#lé%éﬁf {¥ﬁ
exposed tod&i@ﬁsemfemﬁjmlwhaurgeSMﬂhturgsadu’élhe|mﬁas%tcm %Ilue as the
Sensor 1gody; c AARS Wikn! @FRer %&'é%@nﬁhi‘ﬁ%nﬂéﬂ ig nriocJt@a ei@c&éffaélose

output signal reaches a steady state condition after the tine
period reqRGBEFY: O %#%@ye&ﬁﬂté‘@hﬁ?a?‘@@la%?%ﬁeﬂ% ?%Pa‘?%’afb’% t he
changed t enpdbiaiee,22 inf ke sabetaneialpyethéemdlldeins@gleesd Gelaticndhiip

del ay peri ok HOT NG 0008, By 4n8%0he 2268 abR1PE SO s G d P

t he above pil orarair tth@mezm wldsinadegr theepsion arhdtlmeedeh@y@vwvgh‘sed

sensor 150" §f 4 ARKANS ¢k WRHPRLARArW! bf the gases applied to the gas
sensors during a change in the temperature of the gases.

To this end, the thermistor 26 is potted to the rear
side of the.expansion membrane 22 with a heat sink compound 34,
such as a zinc oxide or silicone, as illustrated in Fig. 3. 1In

20  this manner, any change in temperature of the gases undergoing
analysis are not directly conveyed to the thermistor 26 to
produce . erroneous signal outputs. The lead.wires for the
thermistor 26 comprise an electrically insulated cable 26C of
approximately 3-4 inches in length having the individual lead

25 wires thereof secured to the printed circuit board 24 at the
points "4" on the board; see Figs. 4 and 6.

Another important feature of the assembly of the
thermistor 26 to the gas sensor 10' is the provision of thermal
insulative means arranged between the heat sink compound 34

30 and the tops of the circuit board devices on the printed circuit
board 24 as best illustrated in Figs. 3 and 5. The insulative
means, as illustrated, comprises three individual layers of
foam stacked upon one another between the heat sink 34 and the
printed circuit board 24. The individual layers of foam in-

35 sulation are each a different size and are identified in the

*
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be examined in conjunction with the structures illustrated in Figs. 3-6 and
the graphical representation of Fig. 7. The basic structure of the gal vanic
type el ectrochem cal gas sensor 10 of Fig. 1 is illustrated in Fig. 3 but
illustrating the inproved arrangenent for sensing the applied gas
tenperatures and tracking the terrperature%owithout I ntroducing the tine

del ays qf t{i6 A - b SfPCHY €Sg L] YReEnL gt %e.z@o%;”tac r;?rd&%@@oﬁ@" th
the present invention is-located i'n Very close proximrty FTothe Trquid
el ect rol yt esefljFd@ent5 t o @agdisivdarrenBhentop2mpataisgbdatihve aldayer hdémal |y

insul ated rgl agasq&amn@ambtaotmh@a%h%%ieeogo% and the Hé‘é@s%dﬁpg' led to

t he gas sensor 10'_gnd thereby elimnates the prior art tine ys

i nvol ved i FYPREIAGG 4 R dfpdhist SPed 166t he §aZes SHPPPEET (Bise Qhisthe
segsorﬁSdurﬁmgaea iohsarige iive u}a@egerrpemataur:etetamt gﬁsgaaeﬁve layer 400ié Pﬁios
end, the therm 6 .S t to.the rear,side t he, expansi on_nenbr ane
22 with a hq'g’a lzaltr(r)?[gsc%::orjrﬁlm?%% %’,ersg@giligst ezﬁﬁgeﬁxsgelﬁrlgfﬁlﬁ% HAtgstn

i |l ustrat ecdiize Fiegwedn [the: fiamedensr ofadnyehandé andt éfperZherehdéktdes
gases undergoidil alglesitn g Mok @'srs@fxrtl:i.élg\?n)fﬁééegaﬁg Lhe weééméir?g g8n 10
produce erroneous signal_ outputs. The |ea res for the thermstor 6
conpri se arPEIuRH RGOl umes reivegnc dhpehest sinkppeBrPvRded Zpd thehes in

kengt h ﬂmgvi;ng.ﬂzdﬁ idid:lﬁdid:w&loak@agmli r eaﬁt bﬁfeea 1§§ey§§_§ré Oa.zma%)é% n{ £da

circuit boar t, t Qints .'4" opn the board; see gs. an .

Anot her in%ot:ratggnetr%ﬁegteé'r’a%l&“s € 8§sBRHFySEEDt hR fﬁ%rn%sto?h%@’?%“{ﬁ%‘b%s

sensor 10" dablehe@6fy dorsithe dheirdstar RAsikaspieabednsr acohbed b derewen

the heat sidie aoEhauRd 34 1298,-36l088 oha' 6 SefbuLh PR’ dedeidgep, on-Lhe
b "1 I n FIgs. and 5. e

printed circuit_board 24 as”best illustrate :
i nsul ati ve SR&afdIsas 3 Andsthrarad thenpriduidupleteprdavirasart | thercapief 366

st ackedSupaireonneeited thelpsaer e Baatnsi pkiddeanditbeiprboied iy cuit
board 24. The individual,lqy rs gfsfoan1in- sul ation are each a different
size and arfeS WERSTY & 549+t fe2nd ©-

In the above described manner of insulatively securing
the thermistor 26 any change in temperature of the gasmixtures
applied to the gas sensor 10' is not directly conveyed to the

20 thermistor 26 since the gas sensor container or body 18 hoth
experience the change in gas temperature at essentially the
same time. Therefore,lihé electrical output signals develcped
by the gas sensor 10' and the thermistor 26 when combined,
corfectly compensates the sensor generated electrical output

25 signals for the sensed temperature variations so that the
resulting temperature compensated electrical output signals are
true representations of the signals produced at the gas sensing
cathode electrode, without any erroneous increases or decreases
due to temperature changes.

30 The gas sensor 10' was tested in the identical manner
as the sensor 10 and plotted in Fig. 7 for a temperature change
in the sensor applied gas from 24 degrees C. ' to 40 degrees (,
In Fig. 7, the output signals for six gas sensors are illustrated
as coming to equilibrium right away, without any false incroases

35 or decreases in electrical output signals as in the known rrior

z
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10 drawi ngs as layers 36, 38 and 40 fromthe top to the bottom see Fig,
5, in particular. The top nost insulative |layer 36 is positioned bel ow t-he
therm stor 26 and the heat sink conpound 34 and is the smallest in size,

di aneter wi se, of the three insulative | iéer s. The bottominsul ative | ayer
40 is the largest in dianeter while the yer 38 is internediate in size
bet ween t hg difuRlRls of layers 36 and 40. The thickness of the three

| ayers are essentl aII t he, same and in conbi nati on occupy the_vol une

bet ween the heat oY be é@@r?ﬁéaﬁﬁﬁnbﬁdtbpﬁéu5¥1%3ﬁ¢dlfz_“4therhe

three | ayefss a;reelswrr %&Q.efiﬂaﬁ: %h%t gead aegalbgagal Ha@sabesi&cé@eﬂhé :’lagtg
or colle

5. Thelnrs#;olatlve ceaé,etZGCfor her m % g g

bet ween t H®H FRAGS I§?§?§n§6 WBeEB BE?mﬁgﬁn?ﬁ 3PatRBA9R2r 1] see
Figs. 3 amdixturasd appdiieddito dial ghsadensoessofasheo[proyLQGC:amereonnected
to point § e t M e [ d 6.
I n ltohe abo;‘éensg'eslte;rél be gnqiac%%é%to 'fr:%gu at .g\"’}élé? gzggﬁ?%agghgu%ﬁggmgjé g
any changethat dfiden hrad tempegasunexchrageappl Fodst §r§ﬁblgg{srswlbb$ 10'

is not dirsgd lee W%ﬂl%ttol}ebteﬁﬂbmrékﬁfmg§v§' peethBet+@RBeS£O9PE changes
cont ai ner or body. 18 bot h experjenc ge in gas tenperature at

essenti al IJPRAFFES Fe Ghfe 13 FW&FeF&F&trPﬁgtSIéEFrPEEItBEtBﬁmpﬁFﬁﬁ%F%
devel qged dhardes @& tIensensby’ badg .t he therm stor 26 when conbi ned,
correctly conpensates the sensor generated el ectrical output signals for
the sensed tenperature variations so that the resulting tenperature
conpensated el ectrical output signals are true representations of the
signal s produced at the gas sendi ng cat hode el ectrode, w thout any
erroneous increases or decreases due to tenperature changes. The
gas sensor 10' was tested in the identical manner as the sensor 10 and
plotteld in Fig. 7 for a tenperature change in the sensor applied gas from
24 degrees C, to 40 degrees [err]. In Fig. 7, the output signals for six
gas sensors are illustrated as conming to equilibriumright away, w thout
any fal se increases or decreases in electrical output signals as in the
known pri or

~ £
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‘art devi ces. It should now be appreciated by those skilled in the
gas sensor art that the present disclosure has advanced the art for

_precisely tracking the tenperature changes in the 3 ' lied to
the gas sensor so as to provide nore sensitive fﬂm@'ﬂ ﬂ@ﬂmmensat ed
el ectrical output signals that better tragk tenpe .*1his

tracking results due to the therm stor belng responsive to the tenperature

changed inparted to the liquid el ectroCybAEMand not the tenperature changes
of the sensor bodx.

. . . 12 .
CLAI M5 1. 'AnﬁnelS%FFEEﬁgﬁF%éFaba%aie%%%?°fo?°§eﬂ§??&??rﬁ?e
concent r aciomcedtratioheofr edhedechkbghanicablyagctive gasin a gas mixture

to be analyzed andnPpoyidi RY 38R0k CLECLLL $0,e QUARE! p2b0 @M fg sensor
representative of the Sensed con- centrations, said_gas sensor_conprising

) . . g

an i nsdl atilpEtIEfadr cUSRI FETRASI REPEASEPEALERY GhdChBaPeRERd FFORToring a
liquid el eentelattienisy sRedcenlsaisk@kor comprising Means for defining a gas
sensi ng cat hode el ectrode_ suyppaQrted within the,contglner adj acent sajd
open end of the insulQPi&@5§§ﬁg&yec5ﬁP§PﬁeF?ntalner aving @és°?%9d%%%le,
| i qui d i needTredalpt ede floraseoxdtigr @dliquid electrolyte in the container,

means for defining a gas sensing cathode electrode

10 supported within the container adjacent said open end of the

insulative sensor container,

a gas permeable, liquid impermeable membrane secured
to said open end of said container in intimate contact with the
cathode electrode and having a preselected thin thickness for

15 1limiting the diffusion of the gases to be sensed and to be
conveyed to said cathode,

an expansion membrane mounted within said sensor
container and being spaced a preselected distance from said open
end and for storing an electrolyte in the volume between said

20 gas permeable membrane and the expansion membrane,

a liquid electrolyte stored in the volume between
said gas permeable membrane and the expansion membrans,

. means for defining an anode electrode mounted in’
the electrolyte adjacent the expansion membrane, the improve-

25 ment comprising thermistor means mounted adjacent to the
expansion membrane in a substantially thermal isolated relation-
ship with: respect to the temperature of the gases to be sensed.
that are conveyed to said gas permeable membrane so that any
change in the temperature of the gas to be sensed is not

30 directly conveyed to the thermistor means whereby the sensor
and the thermistor means both experience any change in temp-
erature of the gas to be sensed at substantially the same time
whereby said thermistor provides electrical output signals in
response to the sensed temperature changes without any sub-

35 stantial time delays between the temperature changes and the

*
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"to said open end of said container in intimte contact with the cathode
el ectrode and h.-i ed thin thickness for |limting the

. diffusion of th=§;§ﬂ§ﬂﬁﬂﬂﬂ§£¥§&ﬂsed and to be conveyed to said cathode,
an expansi on mertx thin said sensor container and being
spaced a presel ected distance fromsaid;gpen end and for storing an
electrolyte in the volune between said gas perneabl e nenbrane and the
expandi ORhRHisaBE, electrical outputi giiyfabt egd&sHLYt Lost pempedatide vol ume
bet ween said %aﬁ.gerngablednenbrane ind th?%fﬁﬁaQSiO” nenbians,

means f o FEPPRFRECRnCAn588%ePERTPEJEIREERTEYL i AUt e 2TZRTTDI yte adj acent
t he expansi on nenbrane, the inprove- nent conprising therm stor neans
mount ed adj acent Lo thq, exRIRtEBERERIBARNGaL NednsbbSbANERE! Lybd NRLARL
- sol ated relation- ship wth respect to the tenperature of the gases ki
sensed tmarcladi® doHheyednt §addi §hgaBipErReneARS nERDHFEFEred FPatdity
change i _ifagsienPReabib8eolvitReaddfetRallei 58NELE0E SsH0hs €brwetdupconveyed
to the thernistgr neans,mhereb& t he sgnsor and the therm stor neans both
exper i enCEaR AN §EPFA TR On 1Y, EPUFEPBPIRFRGaSD2RIEE QEnsed at

subst ant isalildy efleetsalytei for phevddingatdmpéestisé ocoppensaeior| ebdna sl

out put signal.s i p t psedite a e es w thout any
b st Aah e RSP 33t aR sne A B P B oy SR s ER RN " e

13 tH&rnistor electrical out put signals useful for tenperature conpensation

of said sensor ehectricgl QUeR#rothdRdk8l gas sensorZof thétype defined
el ectrochem gal, gizwggnsor of .t.he t¥§g defined in claiml erein,said
[

t her ni st g C610d Sed s AhET R S5ERTi BRRREnbF aRBCHWFER BOt RRidal
| nsul at orexganEd ono mafbsdlne stiaht halky ssaksméane andyfhethespinaludenghanges

of sai d ¢l SChr Wig ek BoAYiaTiad LETRELERY EngOURSNSE! £O0aSt 08 S ive

15  container opposite to said open end thereof, a plurality of

d
0 be

thermal insulators stacked between said thermistor means and said
printed circuit board for minimizing any direct heat transfer
from said gaseés to be sensed to the thermistor means, said
thermistor means having an insulated electrical cable spiraled
between said stacked thermal insulators and connected to said
circuit board. -

20

4. An electrochemical gas sensor of the type defined
in claim 3 wherein said plurality of thermal insulators com-
25 prise individual insulators of different sizes that increase
in size from adjacent said thermistor means to said printed
circuit board.

30
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-for the output signals generated by said gas sensor: .
el ectrochem cal gas sensor of the type defined in cla

therm stor neans is secured to said expansion nenbranH“}nlm‘“mﬁH“mlm‘jneans
"and further including a printed circuit board for enclesing the¢ ehnd bf said
insul ati ve container-opposite to said opeyi end thereof, a plurality of

thermal insulators stacked between said therm stor neans and said printed
circuig board forsmininm gi nglecyrotliemicdibatad rsutifey df amhes aiybec @ddnie@ be

sensed to, thg%%ﬂgrgﬁéﬁ%%{%aggidsgi‘gm g%nq;t }l}ef%%;gl '}x%vdl % ICQD%.H at ed

el ectri caf‘ cabl'e spira ween: sal st ator s and
connect edprdseathiree rthermpdbatgsulators stacked beﬁw@mﬁ#l&:mmsm
sensor of pLORst Y& éﬁélﬁfﬁnwecégfe& VG E4 1 I%&éﬂm | e fa trnal

insulators com prise_individ lnsﬁfators ‘of erent sizes t
i ncreabe pAJaFsR f?%’hﬁi aEI’i‘%E’éh‘?tg’él Bk be Ao rthf e e shilnsriatasd and

C: rc;ut EQﬁédlargest lnsulatortl?]el?g adja?ent said cl:lrcilxﬂn.st meoard, ana g An
el ectrochepqi c s, sen e defined in claim erein sai

ol ore DEy B Bha i Ren T af bl IP R AT s o T AR acked
bet ween sandullhéeni stdrsmadherahban heh@rlatessti rmla‘damarahd tdtm diead nal

i | at i h t bej d

I nsul at or 9@!3?9\8?%%8' h g;ngr? QEd”fé’Pc?d S g 4 §m3§di J&él.ﬁiﬁta%] Hr an

the | argest 1 nsulator berng adjacent sard Circul oar Ird
i nsul ¥ or thermgsserahavieg| dpaer vines 5W%M|%@‘@°I%ﬂi%t@ﬁ Hnereariner

than the hamgesbri Béthbéhofhéngmﬁl@c&ﬁ&' 14 84 Bk @i £ b Pe Sid@lde Bk H1OS

i nsul at or sai d iinsul a
iar e and thg.ré insulators and being electrically connected

to said circuit board.

15

20
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e

. t her ni st or having |l ead wires spiraled into coils nmet er
betwen the small and third insulators and between g“ m m ird
insulators and being electrically conngcted to sai @ CkrCul

6. A nethod of conpensating an el ect r obheni cal gas sensor, for senS|ng t he

concent rati on o A eheehbachesablys ACLhy o381 0 foBRSnIbA s L0 De

analyzed due to changes nte as m xture to t he
eIectroéh@ﬁ?éaﬁogaSESEhsarthSaPﬁngeBtS@hB@m @io@$d¢h§CE¥@%¥¢m%%§lbﬂtput

si gnal sz repyesgas abhus a5 600681 (A1 L 082 8T mi PEuSENSE the A8hA VP2 8@SaERIE 1O
the resulting cathodic reaction that iS conpensated for_any tenperature

changestPnChfRIGP plPclePRETAFRFEr @ the gas mixtyupg %E?Hb i ncl udi ng t he

st eps 0£optndldlegtﬁacﬁéﬁﬁ&am06851§@hs@ﬁ$ §&18 Ofa Hagéngon ﬁ@6v£@ﬂ§éng
cat hode Z gBano ctrol te and_adaptged to

olectr  BUPCLEERAT SRGRAF Fhofatforertesetfae Spa oL e PRreBrA tel B i ure
havi ng theetensedchaatiukl gaac@neetgashe orésultimedcatieodin reaGEJdngas

Sensi ng, ﬁﬁ£h9gec eﬁBaFQS ?69d3ﬁ§' érét&féhﬁgéﬁ%ncafﬁ'Qﬂ 395%? %%the

el ectrical out I's represe |ve 0 entrat|i
sensed GRECHEH heﬁvcally active gas, sald el ectrical output signal being

furi@er CharaCter'Z%Heaﬁeiﬁéd'ﬂﬂc!ﬁ&ﬂn&h€h¥a£té§§08§ bﬁoﬁf@?ﬁéaéﬂre of the
gas n1xtgre agglle sai d sensor lting In erroneous el ectri out put
si gnal s®YGELY Pﬁ@lFégpﬁﬁétﬁFESQErP%Y+B%sa gas sensing GRERPHRH AR ernlstor

means i anbe eeﬂSby an 81966r0$?$60§ﬂd adﬁgﬁéﬁltbnpﬂbﬁiGHEaﬁHﬁﬁettfﬁﬁal 4
mnimzin t eat _trans sal { msto ans sai
gas sené%? 9%£ Etﬁﬁrﬁ?ﬁPS?sﬁeg sgg? %&bb%% ™ ?én%E?%fd?%géﬁﬁ ges of
t he gasthLng eansédcatoebemnca&RYyacheveagesttembpesan$ednghenapensat|on
of {de eaegaiaceas OE&HHing' Gﬁéiaédér&Hésé‘bdtﬁénﬁPédx‘i\E:wQHtof | ecdengys and

t hereby providi hg accur at nper at ure
reaction whereby the electrlcal output signal is representative

of the concentration of the sensed electrochemically active gas,
said electrical output signal being further characterized as
varying with the variations in temperature of the gas mixture
20 applied to said sensor resulting in erroneous electrical output
signals due to the temperature variations,
mounting thermistor means in the sensor in a pre-
selected thermal insulative manner for minimizing any direct
heat transfer to said thermistor means whereby said gas sensor
25 and said thermistor means are exposed to temperature changes
of the gas being sensed at essentially the same time permitting
compensation of the electrical output signals from said sensor
without time delay and thereby providing accurate temperature
compensation output signals with the tempurature variations_ of
30 the gas undergoing sensing representative of the true sensed
gas concentrations.
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*conpensati on out put—sigmatswtirtte tenpurature variations of the gas

under goi ng sensi ng smeapf the true sensed gas concentrations.
.16 7. A mdﬂﬁﬂlmmmgml ng an el ectrochem cal gas sensor for
sensing the concentratfont off a ekectrochgmcally active gas in a gas

m xture to be anal yzed due to changes in tenperature of the gas m xture

. Rkt . Can o o
applieq to the el egtroghem¢al S Scontentlatiy O%n%ﬁe%%%%e?l&?%g éggsed,

el ectri‘cal output signal's represen ve of centration o0 :
active gassemeox ofehesersing ithe cAnraNitratdant iodn aphalecsreshprasaléy for

any tenper gt Qe %Wﬁ&bﬁﬂ D¥admibitie 2> def bRgdykBackakm 6
e steps 0

t he nmet hod includlgg I Eé)rovidin an eIectrochechgl as, sensor
havi ng an FRsTPRRTSE BdntEMRera it ity they 88 Ss BHTHg Sc 3PRGAEY R ERBde and
an el edd r ok¥éetyethemicd hegaat stk N & adido da sf @ensoad priovg dingathedteical
reaction u e | | ect ' I CtlgVv a he gas
Sensi ng caPhopet aﬁfﬁﬁf?%%a%ﬁﬁ%ﬁ%ﬁﬁ 7 IR e ol ey EnRehlel]
presel ect edcvbvengasides cee ridigtresulting cathodmpumesdiont &hpsr asure

sensitive peppehOitéd 5 Ay Ul Al RS UhatRisaiiRe kheMapgiiakal yaadj acent
the volune of electrolyte for closely tracking the variations in
t enper at ur B2 EFut2seast 86Ei8eRsdY FHRIM Vi di ng tenperature conpensation
signal®in response tothdéemédeperaichelingy itdlel @repswioth@rbvadinygi ar delays,
for conbingtj ] L%e electrical_ qutput signals.prqevided % .Lhe gas
sensor mhe?%%‘??’f%éeﬁ%‘él ?%a??scc)ns%l?s?ﬂglaép&ﬁ?er?%'aﬁn(?ﬁ}?itdﬁgl §°8 élgfegct rical
out put si gabbBipg ovi ghs compeinnieatiaidsnt mrc ainodiet pad engedlestzodyteat el y
epresent abLipifg the CONGSRE Iaid ifodd i pRRRARCE LarHBAE rlablfofas
m xture applied o the gas sensor. . )
upon the application of an electrochemically active gas to
15 the gas sensing cathode arranged in the insulative sensor .
container with a preselected volume of electrolyte,
mounting a temperature sensitive resistor in the
insulative sensor container immediately adjacent the volume of
electrolyte for cldsely tracking the variations in temperature
20 of gases tobe sensed for providing temperature compensation
signals in response to the temperature variations, without any
time delays, for combination with the electrical output signals
provided by the gas sensor whereby the combination of the
compensation signals and electrical output signals provide
25 compensated electrical output signals accurately representative
of the concentrations of the sensed active gases in the gas
mixture gpplied to the gas sersor.
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=17 8. A nethod of conpensating an el ectrocheni cal gas sensor—for
sensing the concentration of an electrochemcally acgmmmﬂﬂmu
~mxture applied to the sensor for tenp- erature chan msﬁﬂﬁor

provi ding el ectrical output signals repwﬁent ative of thé sknseds *

el ectrochem cally active gas that vary h the tenperature variations of

the applied gas m tur e t L eli an
el ect rg’ hem cal gas” ns%?tr}haélmng any %‘ssl?l &f‘lgvle;%c%nl%g%ﬁgr h%{n@éhg ggs
sensi ng casénsier efcactsexmmctham Cemm@te:lae:olomo@é mouglegtrachraicah Hl ner

with an el Y. [ t el RE %@JranBt ERg-cat hode
el ectrode $8££§%)p £;lsl n%?tﬁ &%sﬂﬁrﬁ?ﬂﬁg&ﬁg tg’g‘?hoﬁﬁégl ectr € ng an

expansi on FERERERCRIRART ed-1D R £ THRTaRTOY 1A §é‘|ré€f"gd°§ RBEd
rel ati @ishspghéld sepreoperative OIf He calsaid &laatt cohieriicailly akeive
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15 the electrolyte,
mounting thermistor means on the expansion membrane

to be responsive to temperature changes in the electrolyte,
securing the thermistor means to the expansion
membrane w1th heat sink means so as to substantially prevent
20 any temperature changes from being directly transmitted to the
thermistor means so that said gas sensor and the thermistor
means both respond to any temperature changes at substantially
the same tlme,
mounting thermal insulative means on the opposite
25 side of the thermistor means from the side secured to the
expansion membrane,
the thermistor means including insulated lead wires
extending therefrom for deriving temperature compensating
electrical signals from said gas sensor, and

30 arranging said leads with said thermal insulative
means so as to be contained within said insulative means to

prevent temperature changes to be conducted to said thermistor
means and to be accessible outside of the gas sensor.
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. 10. A method of compensating an electrochemical gas
sensor as defined in claim 9 wherein the step of spiralling
the lead wires comprises wrapping the lead wires in a coiled
configuration between the stacked insulative means.
15 T
11. An electrochemical gas sensor according to any
one of claims 1 to 5 wherein said electrochemically active
gas 1s oxygen.
20
12. A method according to any cne of claims 6 to 10
wherein said electrochemically active gas is oxygen.
25
30
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