Any *159159* DESCRI PTI ON | NFRARED DETECTI NG ELEMENT, METHOD OF
NANUFACTURING THE SAME AND TEMPERATURE MEASURI NG DEVI CE 5 Technical Field
The present invention relates to a thernopile infrared detecting el ement

and a net hod of ng the sane. Background Art 10 Infrared
radiation is eNmﬂmmmmmmmmmlhe surface of a human body in an anount
according to the Y hemperature, and ears have the normal tenperature
| i ke the axill ae. fherefore clinical ear thernoneters (tenperature
nmeasuring devices) for measuring t he “bédy tenperatures by detecting
infrared radiation emtted in the ear cavities are known. In 15 the
clinical ear thernoneters, the body tenperatures are determ ned based on

output frominfrared detecting el egehspf @ converting received infrared
radiation into electrical signals. Although various types of elenents such

as a pyrroel agRhkED tD)é@E@TIﬁGtﬂ%&HE’P' MEriotPer MRIFAR®RIIK @uE 3 @r0RRer al |y
known as infrared detecting el enent s, thernopi l e-type 20 infrared detecting

el enents having the nerit Ofmﬂﬁﬁﬂhkﬁlmgwﬁﬁﬁﬁ;ngﬂﬂyctlon using a
sem conduct or manufacturing process and mniaturization are used as

t hernosensitive elenents of clinical thernoneters. Thereafter, the
therngplle type infrared detecting elenents are sinply referred to as
"i nf rar edetsti&éet iH§ 2l enents” unless 25 otherw se stated. | ~WWI~q

The present invention relates to a thermopile infrared detecting

element and a method of manufacturing the same.

Background Art

10 Infrared radiation is emitted from the surface of a human body in
an amount according to the body temperature, and ears have the normal
temperature like the axillae. Therefore, clinical ear thermometers
(temperature measuring devices} for measuring the body temperatures by
detecting infrared radiation emitted in the ear cavities are known. In

15 the clinical ear thermometers, the body temperatures are determined
based on output from infrared detecting elements for converting received
infrared radiation into electrical signals. Although various types of
elements such as a pyrroelectric type, a thermopile type, and the like
are generally known as infrared detecting elements, thermopile-type

20 infrared detecting elements having the merit of permitting mass
production using a semiconductor manufacturing process and
miniaturization are used as thermosensitive elements of clinical
thermometers. Thereafter, the thermopile-type infrared detecting
elements are simply referred to as "infrared detecting elements" unless

25 otherwise stated.
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it - 2 Fig.. 26, schematically shows an infrared sensor 100 provided with a
thernmopile infrared detecting el ement 110. The infrared sensor 100
conprises the infrared detecting elenent 110 provided with a thernopile
12, and a therm stor 120, the infrared detecting elenent 110 and the 5
ttherm stor 120 bei ng nounted on a package substrate 130, and contained in
a case 140 to forma unit as a whole. In the infrared sensor 100, the
therm stor 120 is used for determning the reference tenperature of the
thernopile 12 formed on the infrared détecting el ement 110, i.e., it is
used for determ ning the tenperature of cold junctions. 10 The infrared
detecting elenent 110 conprises a nmenbrane portion 116 conprising a

menbrane for”?%]bﬁseéc%@h!)&d%lﬂ lsh6Qn a%ugn%{?@%? 2nl& 295|p‘}wvl&{bew9 tr al

portion 10 of | ower portion or the t hi portion

117 re”a'tﬂé%p%@tﬁtﬂﬁﬁréf E@Eec%h?c?' gt Lhe 5'1‘1|1é QQ@raL%Hb§ér{s%§:elo?0 Nanely, .
the infrared detecting elenent 110 has a structure 15 in which the central

portion Qbmphgek OMRY i $i,d8e@faclebasg diliehs MAdsroiQbd QWet Oy fREMAiLLI N film
(menbrane) at the top. Also, gold black is deposited on the central

portion 10, afndt hetreirhi R S2)StRAliAf2ardd. etec@ing ehemdNMDI@RGAPEHt | ON 116,
by a sputtering deposition nethod or the like to forman infrared absorber
11 abSor khagnisabr aredb¢iadi aduntad R0 a ThHKabga fstuasechtabsar, betd Ebnediserbs
infrared radiation to cause a tenperature change so that the tenperature
change i $ndetmetethobyo aforpl airalbit tas of widler nomotipd eésfiakedr ganisdedian t he four
sides of the infrared absorber 11. The hot junction 17 of each of the

t her nocolspkeshetdistwr thEpeseckdnéar d?hermlnimqarted mfsoeiyer tdriceghtidre ofrenbr ane
portion 116, and

the thermopile 12 formed on the infrared detecting element 110, i.e., it
is used for determining the temperature of cold junctions.

10 The infrared detecting element 110 comprises a membrane portion 116
comprising a membrane formed by etching a silicon substrate 2 to hollow
the central portion 10 of the lower portion or the back side, and a
thick wall portion 117 remaining unetched after etching of the silicon
substrate 2, Namely, the infrared detecting element 110 has a structure

15 in which the central portion of the lower side of a base 115 is made
hollow to form a thin film (membrane) at the top. Also, gold black is
deposited on the central portion 10 of the silicon substrate 2, i.e., on
the membrane portiocn 116, by a sputtering deposition method or the like
to form an infrared absorber 11 absorbing infrared radiation.

20 This infrared absorber 11 absorbs infrared radiation to cause a
temperature change so that the temperature change is detected by a
plurality of thermocouples 14 provided on the four sides of the infrared
absorber 11. The hot junction 17 of each of the thermocouples 14 is
disposed near the infrared absorber 11 of the membrane portion 116, and

25 the cold junction 18 of each of the thermocouples 14 is disposed above



25 the cold junction 18 of each of the thernocouples 14 is di sposed above -
3 the thick wall portion 117 in the peripheral portion 9 of the silicon
substrate 2. The thernocouples 14 are connected in series to formthe
thermopile 12. In a tenperature measuring device using the infrared sensor
100, an 5 electronotive force corresponding to a tenperature change
produced between the hot junctions 17 and the cold junctions 18 of the
thernopile 12 is first detected, and a tenperature difference between the
hot junctions 17 and the cold junctioAs™18 is cal cul ated based on the

out put voltage. Then, the tenperature of the cold junctions 18 is
cal cul ated 10 based on output of the therm stor 120, and the tenperature

di fferengg. i LUneCiHd: 0y hhe; %ﬁ@%&&%@m@fpéﬁﬁoﬁqﬁ deiynetiong, 18 to

determ ne a body tenperature. However, e therm stor 120 used for

QEt er m nisﬂﬂst_txja@e zte”P@J thfnﬁncgflpltegel@%qu k%@Eﬁ%%nlgerQLs t&efgf}t?rtﬂppi le 12
is disposed in a side portion at a certain distance fromthe infrared

detecti ngnehepent 135 110, and thus the peripheral tenperature of the
infrared detecting elenment 110 is sinply detected. Therefore, it cannot be

said that thernaceuh@tliResAIMRE Qvithaisefy dneUNir08$ sefssletec] ad.
Thus, a large error possibly occurs in the body tenperature determ ned as
descrbbedieaheuwetivRarsiUkardegpomiibhi td Gaterpees tietRingeSpraiguéd ed t o have
an 20 accuracy of 0.1Cin the tenperature range of 37C to 39C, and required
t o perf overieampelathut ejueasatse Medndntiid chl ghjuaccithacys ofhelieehyegapsiag the
need to decrease such an error as nmuch as possible. The infrared sensor 100
i s al so rlégis rfédst glehasimda TpPaectdmperatarreadigifegertdeebetreeni gteohot1 20, and
thus has a problemin which the
junctions 17 and the cold junctions 18 is calculated based on the output
voltage. Then, the temperature of the cold junctions 18 is calculated
10 based on output of the thermistor 120, and the temperature difference is
corrected by the temperature of the cold junctions 18 to determine a
body temperature. However, the thermistor 120 used for determining the
temperature of the cold junctions 18 of the thermopile 12 is disposed in
a side portion at a certain distance from the infrared detecting element
15 110, and thus the peripheral temperature of the infrared detecting
element 110 is simply detected. Therefore, it cannot be said that the
accurate temperature of the cold junctions is detected. Thus, a large
error possibly occurs in the body temperature determined as described
above. Particularly, a clinical thermometer is required to have an
20 accuracy of #0.1°C in the temperature range of 37°C to 39°C, and required
to perform temperature measurement with high accuracy, thereby causing
the need to decrease such an error as much as possible.
The infrared sensor 100 is also required to have a space for

arranging the thermistor 120, and thus has a problem in which the

25 element itself cannot be made compact. Therefore, even when the



25 el enment itself cannot be made conpact. Therefore, even when the - 4
therm stor 120 can be arranged in contact with the infrared sensor 100 to
i nprove the accuracy of the cold junction tenperature detected by the
therm stor 120, the infrared detecting el ement cannot be readily
effectively arranged in a conpact form 5 Accordingly, the applicant
proposes an infrared detecting elenent conprising a PN junction, for
exanpl e, a diode, incorporated into the silicon substrate 2, wherein the
cold junction tenperature is detected 4by using the fact that a forward
vol tage drop of the diode approximately |inearly changes dependi ng upon
tenperature. 10 This infrared detecting el enent can accurately detect the

cold | UQﬁ&h‘l@t&@%%r&%Uﬁgaalr%gggecda&' b&nRLLANGEH i’%f‘f’rﬂﬁd %%H?&Ctlof)or m

Fig. i's a cross-sectional 'view Showi ng a portion o rared

det ect| ”Qoeir%%% thl@adu@ﬁléf‘ ?dtrgeekgfé 'gﬂgct‘i'o%”?é?&pe}%r%h?é’%c‘cé‘d '1:o'y9th3715

conprises a di ode formed i n the peripheral portion 9 the silicon

substrat thrnag_tgbqtzo; ha\et ennekad Weee&in gha&ghg dabAGt i@NS.L819f the
thernopile 12 is detected by the diode The di ode D conprises P+ anode

regi on DRraswlibe1€at-bodrdr 89i08odNcwhish. are formed by ion inplantation
into a region isolated by formng a field oxide film (LOCOS) 151 on the
surfage of thecsikiequy,Stbshpalieadt NapBies ahhhf2Brai ade=dRigani1kreftr ned by
a sem conductor process conprising formng the field oxide film 151 on the
silicon substisate a2 pNanccthen pat tegampleg & B odoxiideofadratddbinta thae
peri pheral portion 9 of the silicon substrate 2 to formthe regions DP and
DN on t heisigdnasesgfratdi@, svlidredn thigbstldatien&ioh ncempttrumepid detegyedi nfrar ed
detecting elenent, after the diode D
by using the fact that a forward voltage drop of the diode approximately
linearly changes depending upon temperature.
10 This infrared detecting element can accurately detect the cold
junction temperature, and can be arranged in a very compact form.
Fig. 27 is a cross-—-sectional view showing a portion of the infrared
detecting element. The infrared detecting element 150 shown in Fig. 27
comprises a diode D formed in the peripheral portion 9 of the siliceon
15 substrate 2 so that the temperature of the cold junctions 18 of the
thermopile 12 is detected by the diode D. The diode D comprises P+
anode region DP and N+ cathode region DN which are formed by ion
implantation into a region isolated by forming a field oxide film
{(LOCOS) 151 on the surface of the silicon substrate 2. Namely, the
20 diode D can be formed by a semiconductor process comprising forming the
field oxide film 151 on the silicon substrate 2, and then patterning the
oxide film 151 in the peripheral portion 9 of the silicon substrate 2 to
form the regions DP and DN on the surface of the silicon substrate 2.

In a thermopile-type infrared detecting element, after the diode D

25 comprising the regions DP and DN is formed, a polysilicon electrical



2S conprising the regions DP and DN is forned, a polysilicon electrical - 5
conductor 16 and an alum num el ectrical conductor 15, which constitute the
t her nocoupl es 14, an oxide film 152, a surface protecting film 153, and an
infrared absorber 11 are also fornmed by using the sem conductor

manuf acturi ng process. Therefore, the thernopile-type infrared 5 detecting
el ement provided with the diode can be sinply forned by a series of steps
of the sem conductor nmanufacturing technique, decreasing nanufacturing
cost. In the infrared detecting el enenf 150, the di ode D can be di sposed
near the cold junctions 18 of the thernopile 12 to permt the accurate 10
detection of the tenperature of the cold junctions 18. Al so, the space for

arrangi ng fQe.cLhereh 34 Qb IafhiGan qucmqgfe&nwc{o%a 52%9& ' ;au@irt_%@e
detecting el enent arranged in a conpact unit including the function to

measure ané eéh%'irﬁ%%pi@ﬁ@r 34n“5§1deo@1£rb‘i59t hetuband, p LRCEE S salpays, demand
for an i nprovenent in the nmeasur enent accuracy of the thernmopile 12. In

the inf rarl@cgndeﬁ@ﬁtrwgab%b%@ntn 1R, aide sbhlado PXisdeg fineMm dmloh@Rtod Very
low rate of etching with an etchant for etching the silicon substrate, for

exanpl e, m¥enRthliHgr hes POt assididrby dihextl@mopi1el Beod likerareand t hus
functions as a stopper in etching the central portion 10 of the 20 silicon
subst b at @eRedtiag dlkaedtOwRbvidicdewinh the dhagk chhese@fimpijovesmer, by even when
the field oxide film 151 has a low etching rate, it is etched, and thus

t he thickresss of dtieesfdfelcbe gyemtleorfdulbia ]l Banwisstubiegseéchindqahodécrda@Diy t 0
7000 Ain order to inpart the sufficient function as the stopper to the
field oximdeufgcknriglco® t he ot her hand, the field oxide film

In thé infrared detecting element 150, the diode D can be disposed
near the cold junctions 18 of the thermopile 12 to permit the accurate
10 detection of the temperature of the cold junctions 18. Also, the space
for arranging the thermistor 120 can be reduced to realize an infrared
detecting element arranged in a compact unit including the function to
measure a reference temperature.
On the other hand, there is always demand for an improvement in the
15 measurement accuracy of the thermopile 12.
In the infrared detecting element 150, the field oxide film 151 has
a very low rate of etching with an etchant for etching the silicon
substrate, for example, xenon fluoride, potassium hydroxide, or the like,
and thus functions as a stopper in etching the central portion 10 of the
20 silicon substrate 2 from thé lower side or the back thereof. However,
even when the field oxide film 151 has a low etching rate, it is etched,
and thus the thickness of the field oxide film 151 must be set to about
5000 to 7000 A in order to impart the sufficient function as the stopper
to the field oxide film 151. On the othe? hand, the field oxide film

25 151 comprises a film having internal stress in the compression direction,



25 151 conprises a filmhaving internal stress in the conpression
direction, and thus has the property of being convexly curved due to
expansion. The internal stress is as large as 2 to 3 x 109 dyne/cn2 (1
dyne/cn2 = 0.1 Pa). Therefore, when the tenperature rises, the field oxide
film 151 conprising such a thick filmas described above is possibly bent
due 5 to the internal stress in the conpression direction or broken due to
def ormati on. Furthernore, bending of the field oxide film 151 causes a
change in the shapes of the alum num électrical conductor 15 and the
polysilicon electrical conductor 16 of each of the thernocouples 14 forned
on the 10 field oxide film 151, and thus the resistances of these

el ect ri cglq GQUANG! 0 208 JcJcL £aSeH, CONPANSI-WiRD 4010 c0rd.aLhalo. esi st ances

to cause the occurren usel ess voltage drop. This ces the

measur enepl RCEHLACYe Qsst e Lepperaiunedif fef engg, behpeen d&Q@/JﬂPt =
junctions 17 and the cold junctions 18, which is neasured by the 15

ther nopi ber 12, . Theref e, fhe tnf raked.detectiag ehenmriq x@qbas ki gh
accuracy because the cold junction tenperature can be accurately detected

by the diedecRpriiawgVaich & thieRPANALAN QeFBABYE IRAE W bbssibightimtagedir acy,
measurenment error of the thernopile 12 due to deformation of the field

oxi de5fi km dlzl icednal fr@sss hnytihe copstaci @d di 28:tAbs0or bbekdegueacof bendi ng
of the field oxide film 151 varies with various factors such as variations
in the maefdmaetivr.ng process, atnospheric pressure, environnental
tenperature, etc., and it is thus very difficult to renove the influence
of def or mat i ofugfhetiveref | pdrdlioxiafethd fipld kifly fddmriddt rmgeshe dhenperiat ur e,
which is detected by the 25 thernopile 12, using an appropriate factor.
the shapes of the aluminum electrical conductor 15 and the polysilicon
electrical conductor 16 of each of the thermocouples 14 formed on the
10 field oxide film 151, and thus the resistances of these electrical
conductors are increased compared with the original resistances to cause
the occurrence of a useless voltage drop. This influences the
measurement accuracy of the temperature difference between the hot
junctions 17 and the cold junctions 18, which is measured by the
15 thermopile 12. Therefore, the infrared detecting element 150 has high
accuracy because the cold junction temperature can be accurately
detected by the diode D. However, in temperature measurement with
higher accuracy, measurement error of the thermopile 12 due to
deformation of the field oxide film 151 cannot possibly be neglected.
20 Also, the degree of bending of the field oxide film 151 varies with
various factors such as variations in the manufacturing process,
atmospheric pressure, environmental temperature, etc., and it is thus
very difficult to remove the influence of deformation of the field oxide

film 151 by correcting the temperature, which is detected by the

25 thermopile 12, using an appropriate factor.



Accordingly, an object of the present invention is to provide an infrared
detecting el enent and a nethod of manufacturing the sane capabl e of
accurately detecting a cold junction tenperature by using a PN junction,
and capabl e of renoving neasurenment error of a thernopile 5 due to
deformation of a nenbrane or the like to permt tenperature detection with
hi gher accuracy. Another object of the present invention is to provide a

t enper ature neasuri ng devi ce capable of accurately neasuring tenperature
by using the infrared detecting el emenf without being influenced by
changes in the neasurenent environnent. 10 Di sclosure of Invention In the
present invention, a first structure |ayer nade of silicon nitride is

formed on a sz@é@ogegfgggz ol SHbstr gg ftﬂengﬁe_es@qt oifnggnéiio%l ds qx ggovi and

Ll .
used as elenent iIs I on neans formng a PN junction r 15 detecting

the tenperatuts el LUBERHEONRY dSndMBbl ASmEnFaQPPAMy! the Shidi Ng foOr
formng a nenbrane portion. Nanely, a nethod of manufacturing an infrared

det ecti ngaglauest 0futdte) Preasestingny e hofuince sk fSSak e Shepsialy {orning
the first structure Fayer made of silicon nitride on the sem conductor

substrat exy fdetsdPafd RBLBIRr BE NGmbiithdf méSdurdPertt UL ULE d aYeFmdpaLs he
peri pheral portion of the sem conductor substrate to formthe PN junction

on the suné apedofortnhel S Bt COnduiaae Gtilbst riake, to hemsd epmfrat@rdr Ng a
plurality of thernocouples on the first structure |ayer so that the cold
j unct i ongeggariposiitthongtier mdcheaqyer | plrehat 9poett o, tlendrédwthdivenunet i ons
are positioned in the central portion of 25 the sem conductor substrate,
and thenieormeceVidg & Hemphertype gugpkesingnde@ce capable of accurately

measuring temperature by using the infrared detecting element without
being influenéed by changes in the measurement environment.
10
Disclosure of Invention
In the present invention, a first structure layer made of silicon
nitride is formed on a semiconductor substrate instead of a field oxide
film, and used as element isolation means for forming a PN junction for
15 detecting the temperature of cold junctions as well as a stopper in
etching for forming a membrane portion. Namely, a method of
manufacturing an infrared detecting element of the present invention
comprises the step of forming the first structure layer made of silicon
nitride on the semiconductor substrate, the step of patterning the first
20 structure layer in the peripheral portion of the semiconductor substrate
to form the PN junction on the surface of the semiconductor substrate,
the step of forming a plurality of thermocouples on the first structure
layer so that the cold junctions are positioned in the peripheral
pertion, and the hot junctions are positioned in the central portion of

25 the semiconductor substrate, and then connecting the thermocouples in



series to,forma thernopile, and the step of etching out the central
portion of the sem conductor substrate frombelow. An infrared detecting
el enent of the present invention conprises a sem conductor substrate
having a central portion etched out frombelow, a first 5 structure |ayer
made of silicon nitride, forned on the sem conductor substrate and having
a central portion conprising a nenbrane structure, a PN junction fornmed on
the surface of the sem conductor substrate by patterning the first
structure layer in the peripheral portBon of the semi conductor substrate,
and a thernopile conprising a plurality of 10 thernocouples forned on the
first structure layer and connected in series so that the cold junctions

are posi tLoned.j nethe, RELER(EE 2 aneg{ﬁei geep %@deééagn@%ti ypetlans,are

positioned in the central portion o t he 'sem conduct or substrate. The

nmanuf act Yeingn"et RAd QnitHEIRESS b sd AEENEI AN CQIPT I 8e$E Q1 ANg 15 the
first structure |l ayer made of silicon nitride on the sem conductor

subst r at @etdistiggdiehetthesf 1l groende; fvchfonemb Aibes fd kehi Shawaddre |ayer
functions as the stopper in etching the central portion of the

sem conduychrasebsiing @ EediRabedw;od hechéd St SidolChdle, | AyeEs€an be

t hi nned because silicon nitride has a | ower etching rate than an oxi de 20
filmgsilsteortuexildgpr radd dhusiidee nerhBHaneEcshédehutie lsehicoait&ioret chi ng
can be made thinner than that nmade of silicon oxide. Therefore, in the

i nfrar edsdetteete ngidehanmgt a nenufAc butrednbyonplr s imgnafeebuanan gt peithed, of t he
present invention, and the infrared detecting el enent having the

const ructi Bh johctiva prmwdnen ithe eswrifers of heharephr@nduport sdrstcare be 25

further thinned to decrease an escape of heat. Therefore, the - 9
patterning the first structure layer in the peripheral portion of the

semiconductor substrate, and a thermopile comprising a plurality of

10 thermocouples formed on the first structure layer and connected in
series so that the cold junctions are positioned in the peripheral
portion, and the hot junctions are positioned in the central portion of
the semiconductor substrate.

The manufacturing method of the present invention comprises forming

15 the first structure layer made of silicon nitride on the semiconductor
substrate instead of the field oxide film. When the first structure
layer functions as the stopper in etching the central portion of the
semiconductor substrate from below, the first structure layer can be
thinned because silicon nitride has a lower etching rate than an oxide

20 film (silicon oxide), and thus the membrane structure left after etching
can be made thinner than that made of silicon oxide. Therefore, in the
infrared detecting element manufactured by the manufacturing method of
the present invention, and the infrared detecting element having the
construction of the present invention, the membrane portion can bé

25  further thinned to decrease an escape of heat. Therefore, the



measurenent error of the thernopile can be further decreased, and a

hi gh- accuracy tenperature can be obtained. Furthernore, by further

t hi nni ng the nmenbrane portion, the heat capacity of the nenbrane portion
can be decreased, and thus the tenperature of the hot junctions rapidly 5
Lncreases to permt an increase in the response speed. On the other hand,
by formng the silicon nitride film the surface of the silicon substrate
can be insulated like silicon oxide. Therefore, elenent isolation for
forming the PN junction in the periphefPat portion of the seni conductor
substrate can be achieved by patterning the first 10 structure | ayer nade
of silicon nitride. Thus, by using the manufacturing nmethod of the present

nvent | oR. Andehig Gons oe%eoreh&fgopme Fﬁebsee@%rehye&gérggs# hgnpurface of

the sem con UCtOF Su rate can I sol ated ormng t rst structure

| ayer rraqggypfacéuéacgo&nwem&@ on, bgh&t%aké&onFmaézmtee by RELaRy realizing
both the formation of the PN 15 junction for measuring a reference

t enper at Yh enht Nl ﬂ%ﬁé‘rpﬁﬁylo@n@he 3Rat MRLQVENEBE dH2 hos A6E WoReYorDf
tenperature neasurenent by the thernopile. Therefore, the neasurenent

accur acy ceh HeN@edihkad,ednd dalueCtidNgeflbBite bEPIHRV RS IjAnoBRSHI £ipRALY
accuracy by formng the PN junction can be further inproved. By using the
i nfrabedideteacts Ny BOrmaltea®nhcrédsel $n pheStddpeni® speevi de a tenperature
measuri ng device capable of accurately neasuring tenperature w thout being
i nfluenced byon tthe ¢@Epekaidlriey Gorndrgy RRaSUL ba@Nhienver imenthe bnride
manuf acturing nmethod of the present invention, the step of formng the
first ste@icthe eiligeer sumdeatd sl hednsnidteddeikeantlitche stigy. 2Hhegéfore,
patterning the first structure layer to formthe PN function are - 10
element isolation for forming the PN junction in the peripheral portion
of the semiconductor substrate can be achieved by patterning the first
10 structure layer made of silicon nitride. Thus, by using the
manufacturing method of the present invention and the construction of
the present invention, the surface of the semiconductor substrate can be
isolated by forming the first structure layer made of silicon nitride on
the silicon substrate, thereby realizing both the formation of the PN
15 junction for measuring a reference temperature with high accuracy, and
an improvement in the accuracy of temperature measurement by the
thermopile. Therefore, the measurement accuracy of the infrared
detecting element improved in measurement accuracy by forming the PN
junction can be further improved. By using the infrared detecting
20 element, it is possible to provide a temperature measuring device
capable of accurately measuring temperature without being influenced by
the temperature of the measurement environment.
In the manufacturing method of the present invention, the step of

forming the first structure layer made of silicon nitride, and the step

25 of patterning the first structure layer to form the PN function are



i ncluded in the sem conductor manufacturing process, thereby permtting

the mass production of the infrared detecting el enent of the present
invention at | ow cost. Therefore, by using the infrared detecting el enent
of the present invention, it is possible to provide a conpact 5 tenperature
measuri ng device capable of measuring tenperature with high accuracy at

| ow cost. The manufacturing nethod of the present invention preferably
further conprises the step of formng an infrared absorber on the central
portion of the semi conductor substratel%o as to cover at |east a 10 portion
of the thernopile above or near the hot junctions before the step of
etching out the central portion of the seniconductor substrate from bel ow

In the infrared JeLREINISIQIBM n %gwe Ehe:he%}ugé‘%%&“

net hod, the i nfrared absorber absor |at|on ncr ease the

t enper at teﬁ@,mafspeg&wcelragr @@%m@glgfhgréaeqp@é&aug eelﬂeﬁem LEelLRngeNekween the
hot junctions and the cold junctions, and incCreasing the output voltage of

the ther mRpddt@on GRNSSAWRBL] Y rht RGorSEMS hid Mgt ¥nOfink £IHRAT @dddke; fEasur enent
can be increased. In the step of formng the first structure |ayer, the

first selemEntr s ltayefredBge iabemibhfar 0k tgdsdenies tprfcoi@blay cbyared by a

| ow 20 pressure (reduced pressure) CVD process (Low Pressure Chem ca
Vapor5 Depesperhom)e mdsoifihg tevits wapable baweasofing LégeRanider i10en hogured by
this method conprises a filmhaving internal stress in the tensile

di recti oaccuaeyeftoney ddse.first structure layer is liable to contract, and
t hus produces | ess distortion and deflection. It is thus possible 25 to
further prevefte mheufdetorimat nefhodf of tbeerrsranansertiohweefeaadly- 11

further comprises the step of forming an infrared absorber on the
central portion of the semiconductor substrate so as to cover at least a

10 portion of the thermopile above or near the hot junctions before the
step of etching out the central portion of the semiconductor substrate
from below. In the infrared detecting element manufactured by the
manufacturing method, the infrared absorber absorbs infrared radiation
to increase the temperature, thereby increasing the temperature

15 difference between the hot junctions and the cold junctions, and
increasing the output voltage of the thermopile. Consequently, the
sensitivity of temperature measurement can be increased.

In the step of forming the first structure layer, the first

structure layer made of silicon nitride is preferably formed by a low

20 pressure (reduced pressure) CVD process (Low Pressure Chemical Vapor
Deposition). The first structure layer of silicon nitride formed by
this method comprises a film having internal stress in the tensile
direction. Therefore, the first structure layer is liable to contract,
and thus produces less distortion and deflection. It is thus possible

25 to further prevent the deformation of the membrane structure, and



decrease the error factors in neasurenent by the thernopile. Therefore,
the infrared detecting el enent and the tenperature neasuring device
capabl e of measuring tenperature with higher accuracy can be provided. In
the step of forming the PN junction for obtaining the reference 5
tenperature, a plurality of PN junctions are preferably forned. The
plurality of PN junctions are formed, and differences between the forward
vol tage drops between the PN junctions are determ ned to cancel the

i nfluence of a reverse saturation cufr¥nt on the voltage drops. Thus, the
measur enent accuracy of the reference tenperature can be 10 further
inproved to provide the infrared detecting elenent and the tenperature

neasur i ngeglee\é%@et}ﬁag.@sm:efgétogptﬁ‘l Ql'eg'glrteﬁglp.e%§t @Hee%hwn%gll@I g?l@éreéggé” acy.
As the PN junctions, a diode can be used. The PN junction forned in the

peri pher ahe polti oR aftddieng SERAGANAHEHOE SdRSELahe AL HALAlY obtain
the reference tenperature 15 close to the cold junctions. Wien a plurality

of cold jupilieoss meanstint Utdrpgritiget AhNMRRiHee AR raty aRgesk gRodiheaf our
sides of the infrared absorber formed on the central portion of the

sem conduct or In shbsitrent ef foheiNthert jarctppefralibyaiexiends mlfrapghdehe

peri pheral portion of the sem conductor substrate because the average

t enpe? at trmr<2@tefe,t herlowkiijyunétitonsnaann e rebp aifeeablyy foivedPN Jhenct i on to
nore accurately obtain the tenperature of the cold junctions. In formng
the [|onglPNijionctt 8% ewrceimdisngralfomped, henp el phrenats pervésgnthel ect r odes
are preferably respectively forned on the upper surfaces of a first

el ect ri c&PregadvRitare |drpes katdeer $eedild Jetetderns cale dehrduineor tb agparebf  2S

the PN junctlon so as to extend along the first and second electrical - 12
the influence of a reverse saturation current on the voltage drops.

Thus, the measurement accuracy of the reference temperature can be

10 further improved to provide the infrared detecting element and the
temperature measuring device capable of obtaining temperatures with
higher accuracy. As the PN junctions, a diode can be used.

The PN junction formed in the peripheral portion of the

semiconductor substrate can accurately obtain the reference temperature

15 close to the cold junctions. When a plurality of cold junctions
constituting the thermopile are arranged on the four sides of the
infrared absorber formed on the central portion of the semiconductor
substrate, the PN junction preferably extends along the peripheral
portion of the semiconductor substrate because the average temperature

20 of the cold junctions can be obtained by the PN junction to more
accurately obtain the temperature of the cold junctions. In forming the
long PN junction extending along the peripheral portion, electrodes are
preferably respectively formed on the upper surfaces of a first
electrical conductor layer and a second electrical conductor layer of

25 the PN junction so as to extend along the first and second electrical



conductor | ayers. These el ectrodes can decrease the potential difference
between the el ectrical conductor |ayers having the sanme polarity to obtain
the reference tenperature with higher accuracy. Wen the first structure

| ayer nmade of silicon nitride is formed 5 directly on the surface of the
sem conductor substrate made of silicon, there is the probability that
sufficient adhesion between the first structure |ayer and the

sem conduct or substrate cannot be secured. Therefore, a first junction

| ayer made of silicon oxide is preferaldy formed on the semni conductor
substrate to i nprove the adhesi on between 10 the sem conductor substrate
and the first structure |ayer before the first structure layer is forned

on the sggﬁ&l@@gyclfaggrssubﬁgsaet 1P BEE hBiGickklsfe EHOGLLON Lgver is formed
for junction, the first junction layer 1s not required to have the stopper

functi ong; andegan bgmnb@th@ctglagﬂ%adam 141%:@&%@%&%%% layer.
Therefore, even if the junction 15 | ayer has internal ress in the

conpr esspetdicy et bBFaint BEe IRESFNAL ok B5S 6 A then GHA M Z&Pacyhe first
structure layer made of silicon nitride formed by | ow pressure CVD

general | y haswisdn @ng fifberstalictiireessyeri Madeher tRNSEME ndi FiRRt L OFormgrd t hus
the cause of deflection can be renoved. 20 Since the first structure |ayer
made Bf sitédop ot the darfacared the sbawopiessur eiSYbagenedaldfysilasost r ong
internal stress in the tensile direction, the first structure layer is
possi bl y tsepaiatgd pharrbalityl nhathauthigians uldheci@nbetweieskttessitss deposi ted
in order to renove bending of the nenbrane portion. Therefore, the

manuf act geFyrFuretlrod: ofndt bee 28mpromdecttori pytertrhon caayotf betdremrednpri se t he

step of formng a second - 13
Therefore, a first junction layer made of silicon oxide is preferably

formed on the semiconductor substrate to improve the adhesion between

10 the semiconductor substrate and the first structure layer before the
first structure layer is formed on the semiconductor substrate. Since
the first junction layer is formed for junction, the first juncﬁion
layer is not required to have the stopper function, and can thus be made
thinner than the first structure layer. Therefore, even if the junction

15 layer has internal stress in the compression direction, the internal
stress can be minimized. The first structure layer made of silicon
nitride formed by low-pressure CVD generally has strong internal stress
in the tensile direction, and thus the cause of deflection can be
removed.

20 Since the first structure layer made of silicon nitride formed by
low-pressure CVD generally has strong internal stress in the tensile
direction, the first structure layer is possibly separated when a film
having a sufficient thickness is deposited in order to remove bending of
the membrane portion. Therefore, the manufacturing method of the

25 present invention may further comprise the step of forming a second



structure,layer made of silicon oxide on the first structure |layer, and

the step of formng a third structure |ayer made of silicon nitride on the
second structure layer. In the infrared detecting el enment conprising the
second structure |ayer nade of silicon oxide and the 5 third structure
layer made of silicon nitride, both of which are formed on the first
structure layer, a filmhaving a sufficient thickness for renoving bending
of the menbrane portion can be divided into the first structure |ayer and
the third structure layer. Therefore; ¥ven when the filmthickness is set
to prevent separation of the first and third 10 structure layers, stress in
the tensile direction can be easily attained in the whole nenbrane

portion. ALthaugh .tbe captyalk; parti o Lf of he.sermpsconduct or. substrafe is
etched out to formthe nenbrane structure after the first structure |ayer

made of $héiap 4 Ebbfeq § frerded e SUr RS R BetdiNgcdd it fielan
preferably fornmed on the sem conductor substrate before the etching step

to avoi drhbesekphd Uepea et 1heret ahabie QRs A FBt MrekONR LRSI tUting the
thernopil e. As the sem conductor substrate, a P-conduction type silicon

subst r at eor sheg Hhedsedadd anubbendaugdri asad ypesiilscid ekeds eda Mren a 20
diode is fornmed on the P-conduction type silicon substrate, an N inversion
| ayer5i s thordredribeluow layek nsideadd Bgll@ypenipridej dedh st which auefaeeedf t he
silicon substrate, and a reverse current flows through the N inversion

| ayer toocdether forst ettyrgutroriaged @hdilachevimgt pcsifdicidng tidichdess @art he

ot her hand, with the N-type silicon substrate, the N 25 inversion |ayer is
not for neEdre\dngbteidang g oo defiorangr poxthiar aehneré siiveded i the first

structure layer and the third structure layer. Therefore, even when the
film thickness is set to prevent separation of the first and third

10 structure layers, stress in the tensile direction can be easily attained
in the whole membrane portion.

Although the central portion of the semiconductor substrate is
etched out to form the membrane structure after the first structure
layer made of silicon nitride is formed, a surface protecting film is

15 preferably formed on the semiconductor substrate before the etching step
to avoid the influence of the etchant on a metal layer constituting the
thermopile.

As the semiconductor substrate, a P-conduction type silicon
substrate may be used, but an N-conduction type is preferred. When a

20 diode is formed on the P—conduétion type silicon substrate, an N
inversion layer is formed below an insulating layer provided on the
surface of the silicon substrate, and a reverse current flows through
the N inversion layer to deteriorate the forward characteristics of the
diode. On the other hand, with the N-type silicon substrate, the N

25 inversion layer is not formed to obtain the good forward characteristics




of the diode, thereby permitting accurate tenperature neasurenent. In this
way, by using the infrared detecting elenent of the present invention, the
t enperature neasuri ng devi ce capable of tenperature measurenent with high
preci sion can be provided. Therefore, the 5 tenperature neasuring device
using the infrared detecting elenent of the present invention is suitable
for a thernoneter required to perform neasurenent of body tenperatures

wi th high accuracy. For exanple, in a clinical ear thernoneter, a
cylindrical portion having a distal ti¥, = which can be inserted in an ear
cavity, is provided, and the infrared 10 detecting elenment is arranged so
that the upper portion of the central portion faces the distal tip of the

cylindrigalipogidfn, (o} VARo TR To PR I o] £ of al ways
accurately tmsasurl ngtkl%{)rdy&q{ egﬁ)erlg u%%gg@%yk%@%@? &eg%&%?%% ‘detecting

el enent conpr i,$iRgs thg, smgﬁcgeqh@bﬁ%b% hard Rahed)0Re 8 s CaIL LAl Rertion,
a clinical 15 thernonefer havi ng high sensitivity of tenperature

nMeasur eMeAtentdbn P@he PrBk 8aGre BidaBlir RS QLRI OfpBliec tdecDiAMDES Fig. 1 is a
drawi ng show ng the schematic construction of an 20 infrared det ecting

el ement asgaidhait Wormmigneden®Enh ofn bhepresant Thdreeptd, ORneFig. 2 is a
drawi ng showi ng the surface-side construction of the infrared detecting

el eneht aeaordtmg meaidiengzetidreRin®fchbhn firesedbtedtiigNdlicaBnt 27 . 3 i S

a drawing illustrating a thernopile of the infrared detecting el enent
accor di ngrégenthinvenboeh nensuidhblhgopreseatmomaventriequredFtq pedfdrsn a
cross-sectional viewillustrating the detailed

measurement of body temperatures with high accuracy. For example, in a
clinical ear thermometer, a cylindrical portion having a distal tip,
which can be inserted in an ear cavity, is provided, and the infrared

10 detecting element is arranged so that the upper portion of the central
portion faces the distal tip of the cylindrical portion, providing a
clinical thermometer capable of always accurately measuring body
temperatures. By using the infrared detecting element comprising the
infrared absorber laminated on the central portion, a clinical

15 thermometer having high sensitivity of temperature measurement can be

provided.

Brief Description of the Drawings
Fig. 1 is a drawing showing the schematic construction of an
20 infrared detecting element according to an embodiment of the present
invention.
Fig. 2 is a drawing showing the surface-side construction of the
infrared detecting element according to the embodiment of the present
invention.

25 Fig. 3 is a drawing illustrating a thermopile of the infrared



construction of the infrared detecting el ement according to the enbodi nent
of the present invention. 5 Fig. 5is a drawing show ng the step of formng
a first structure layer on a silicon substrate in a process for
manufacturing the infrared detecting elenent according to the embodi nent
of the present invention. Fig. 6 is a drawing show ng the step of formng a
di ode after the step shown in Fig. 5. 10 Fig. 7 is a draw ng showi ng the
step of formng an oxide filmand an electrical conductor nmade of
polysilicon on the first structure layr - after the step shown in Fig. 6.
Fig. 8 is a drawing showi ng the step of patterning the electrical _
conductor nade of polysilicon after the step showmn in Fig. 7. is Fig. 9 is

drawi n 1 f. i oxide films on .the electrica
a ge%}g\gﬂ%%ll%gﬁ/t:%Fgor%ln%q;onl:pg e;ni%)dlmeng of !t!]e rﬁlsegr{t él_q\rﬁ.l:xltét_an

conduct or Icon after the step shown | 10 is a

drawi ng show pg; t he; step, afpaltgrni Ng.4 he Lma;eﬁggd%féétﬁlé' rmed on the

el ectrical conductor nmade of polysilicon arter step shown in Fig.

9. Fig. LdndtSudena¥k NGheSNOWaE 1RESLQR OferbRf MRS Ankhes mppile after the
step shown in Fig. 10. Fig. 12 is a drawing show ng thé step of form ng two

surface eppdiacid Rg fid geeand anvehbigared absorber after the step shown in
Fig. 25 11. - 16 Fig. 13 is a cross-sectional view show ng anot her

exanpbe of anrid.nbray adagatiagtdnigim) @ABNtep of forming a first structure
layer on a silicon substrate in a process for manufacturing the infrared
detecting element according to the embodiment of the present invention.
Fig. 6 is a drawing showing the step of forming a diode after the
step shown in Fig. 5.

10 Fig. 7 is a drawing showing the step of forming an oxide film and
an electrical conductor made of polysilicon on the first structure layer
after the step shown in Fig. 6.

Fig. 8 is a drawing showing the step of patterning the electrical
conductor made of polysilicon after the step shown in Fig. 7.

15 Fig. 9 is a drawing showing the step of forming two oxide films on
the electrical conductor made of polysilicon after the step shown in Fig.
8.

Fig. 10 is a drawing showing the step of patterning the two oxide
films formed on the electrical conductor made of polysilicon after the

20 step shown in Fig. 9.

Fig. 11 is a drawing showing the step of forming a thermopile after
the step shown in Fig. 10.
Fig. 12 is a drawing showing the step of forming two surface

protecting films and an infrared absorber after the step shown in Fig.

25 11.



Fig. 14 is a drawi ng show ng the appearance of a clinical ear thernoneter
using an infrared detecting el enent according to an 5 enbodi nent of the
present invention. Fig. 15 is a bl ock diagram showi ng the schenmatic
configuration of the clinical ear thernmoneter shown in Fig. 14. Fig. 16 is
a partial cross-sectional view showing an infrared detecting el enent
according to anot her enbodi nent of the present 10 invention. Fig. 17 is a
drawi ng showi ng the surface-side construction of the infrared detecting

el enent according to the enbodi nent of!%he present invention. Fig. 18 is a
drawi ng show ng the step of formng a first structure 15 |ayer on a
silicon substrate in a process for manufacturing the infrared detecting

el ement accorging,§o 4 Qec(;@ggéazﬁaﬁapbél&g%ggg ; Qsof{]hg\_te&aagﬂe JF gy 19 s a

drawi ng show ng the step ormng a er t step shown in Fig.

18. Fig. i2PrdSadadicaMNg0Mng the step of form ng an oxide filmand 20
an el ectrical conductor nmade of polysilicon on the first structure |ayer

after the stepigheunid B &iBind Sholkih tBL dppedrH-aVSNG sShowi-RD dake step of
patterning the electrical conductor nmade of polysilicon after the step

shown i n the@romdOer Mis@ng 22 {iSrrared At O ishoVIRgnt RRc5E8R40fo fa@r M Ng two
oxide films on 25 the electrical conductor nmade of polysilicon after the
st ep Showhbédimkhe.of- tHel prédentFigven23oi.Ss a drawi ng showi ng the step of
patterning the two oxide

Fig. 15 is a block diagram showing the schematic configuration of
the clinical ear thermometer shown in Fig. 14.

Fig. 16 is a partial cross~sectional view showing an infrared
detecting element according to another embodiment of the present

10 invention.

Fig. 17 is a drawing showing the surface-side construction of the
infrared detecting element according to the embodiment of the present
invention.

Fig. 18 is a drawing showing the step of forming a first structure

15 layer on a silicon substrate in a process for manufacturing the infrared
detecting element according to the embodiment of the present invention.

Fig. 19 is a drawing showing the step of forming a diode after the
step shown in Fig. 18.

Fig. 20 is a drawing showing the step of forming an oxide film and

20 an electrical conductor made of polysilicon on the first structure layer
after the step shown in Fig. 19.

Fig. 21 is a drawing showing the step of patterning the electrical

conductor made of polysilicon after the step shown in Fig. 20.

Fig. 22 is a drawing showing the step of forming two oxide films on

25 the electrical conductor made of polysilicon after the step shown in Fig.



films formed on the electrical conductor nmade of polysilicon after the

step shown in Fig. 22. 5 Fig. 24 is a drawing showi ng the step of formng a
thernopile after the step shown in Fig. 23. Fig. 25 is a drawi ng show ng
the step of formng two surface protecting filnms and an infrared absorber
after the step shown in Fig. 24. 10 Fig. 26 is a drawing show ng a
conventional infrared detecting elenent. Fig. 27 is a cross-sectional view
illustrating the construction of an infrared detecting el ement
conventionally proposed by the applicaht -~ of the present invention. 15 Best
Mode for Carrying Qut the Invention The present invention is described in
further detail belowwith reference to the drawings. Fig. 1 shows the
schemati g,construction of an infrared detecting elenment. 20 An infrared
detecting elenent 1 of an enbodi nent conprises a silicon substrate 2

having a strugidiresif whiGhii g GeBLIA tpgrsttlepnoflgattsem&ﬁmv@dtmoﬂ&hl ng
frombelow to | eave a nenbrane as a nenbrane portion in the central

portion ¥imaARdrmy Ypednehete pofid10808f R0t hiaak wablalyaq%&arpafgela%@r _
etching of the silicon substrate 2. Also, gold black is 25 deposited in a

subst ant isakp Ensamlanershape. on the upper surface of the - 18 nenbrane
portion 4 by sputtering vapor deposition or the like to forman infrared
absorber 11. Fig. 24 is a drawing showing the step of forming a thermopile after
the step shown in Fig. 23.
Fig. 25 1s a drawing showing the step of forming two surface
protecting films and an infrared absorber after the step shown in Fig.
24.
10 Fig. 26 is a drawing showing a conventional infrared detecting
element.
Fig. 27 is a cross-sectional view illustrating the construction of

an infrared detecting element conventionally proposed by the applicant

of the present invention.

15
Best Mode for Carrying Out the Invention
The present invention is described in further detail below with
reference to the drawings. Fig. 1 shows the schematic construction of
an infrared detecting element.
20 An infrared detecting element 1 of an embodiment comprises a

silicon substrate 2 having a structure in which a central portion 10 is
removed by etching from below to leave a membrane as a membrane portion
4 in the central portion 10, and an unetched portion as a thick wall

portion 3 after etching of the silicon substrate 2. Also, gold black is

25 deposited in a substantially square shape on the upper surface of the



The infrared detecting elenent 1 conprises a plurality of thernocouples 14
arranged on the four sides of the infrared absorber 11. 5 The hot junction
17 of each of the thernocouples 14 is arranged bel ow the infrared absorber
11 of the menbrane portion 4, and the cold junction 18 of each of the
thernocouples 14 is arranged in the thick wall portion 3. The

t hernocoupl es 14 are connected in series to forma thernopile 12. In the
infrared detecting elenent 1 of this enbodinment, 10 diodes DI and D2 are
formed in the peripheral portion 9 of ¥he silicon substrate 2, i.e., in
the thick wall portion 3, for detecting the tenperature of the cold
junctions 18 of the thernopile 12. Fig. 2 is a draw ng showi ng the

surface- Lif GeNSIAGE 108y Olpub D& 4ok NI 3L eELAGE ECHT RO Eleppnt 1. . At hough
this figure 1s a plan view 15 s owng-a structuré forned on Fhe upper
surface 28¢0f cihgShd,CQR. substrate 2, the structure actually conprises
several different |layers. As described above, the infrared absorber 11 is

formed in a subshandieal hstsabiay @1ahaRe: alorh e SeRLAN 0f i dhge Menbr ane
portion 4 positioned at the center of the upper surface 2a of the silicon

20 subst kaéfncloupind LherPhigedl bi nef cdres tmeouples 14k areq abkangedpn the
four sides of the infrared absorber 11. The plurality of thernocouples 14
are chbnnest adti furseibes 7t of faakm dhend haepmpioup1ds? 180i 4 Ratardfae wiitput
voltage of the thernopile 12 can be obtained fromtermnals Ti and T2. Fig.
3 is a dtaniimgratddusbsaibengllt he theensmpiahe pb2ti@and, adsotad co2& enl ar ged

vi ew showi ng the construction of the thernocouples 14. Each of - 19 the

t her nocodphes ct4lE efiprddest thive therescoifplet dat ts calranprdusttoreSthidkc| udi ng an

al um num (Al') electrical conductor 15 and a polysilicon
wall portion 3. The thermocouples 14 are connected in series to form a

thermopile 12. 1In the infrared detecting element 1 of this embodiment,
10 diodes D1 and D2 are formed in the peripheral portion 9 of the silicon
substrate 2, i.e., in the thick wall portion 3, for detecting the
temperature of the cold junctions 18 of the thermopile 12.
Fig. 2 is a drawing showing the surface-side construction of the
infrared detecting element 1. Although this figure is a plan view
15 showing a structure formed on the upper surface 2a of the silicon
substrate 2, the structure actually comprises several different layers.
As described above, the infrared absorber 11 is formed in a
substantially square shape at the center of the membrane portion 4
positioned at the center of the upper surface 2a of the silicon
20 substrate 2, and the plurality of thermocouples 14 are arranged on the
four sides of the infrared absorber 11. The plurality of thermocouples
14 are connected in series to form the thermopile 12 so that the output
voltage of the thermopile 12 can be obtained from terminals Tl and T2.
Fig. 3 is a drawing illustrating the thermopile 12, and also an

25 enlarged view showing the construction of the thermocouples 14. Each of



(Poly-Si) electrical conductor 16. The polysilicon electrical conductors
16 are linearly fornmed to slightly overlap the infrared S absorber 11 and
extend to the four sides. Also, the infrared absorber 11 side end 16a of
one of the adjacent polysilicon electrical conductors 16 is electrically
eonnected to the thick wall portion 3 side end 16b of the other
polysilicon electrical conductor 16 by the alum numelectrical conductor
15. This can formthe thernocouples 14 each having the hot 10 junction 17
on the infrared absorber 11 side and t¥e~cold junction 18 serving as a
heat sink on the thick wall portion 3 side, and the thernocouples 14 are
connected in series to formone thernopile 12. Again referring to Fig. 2,

the two @)0qes RLoafihsD2s &ofpt B Rypd N@ePEIdRPELA! HRILEON 9 Serving as
the thick wall portion 3 of the 15 silicon substrate 2. The diodes D and

D2 are foRdRdihd a8t £1d@Sum AL fNAieBEr Aa®NGridlecfERE PHRN &l p QL1139 of the
silicon substrate 2 to surround the four sides of the nenbrane portion 4

posi tionebigtsiheleeeniicel @hdtb@rsubst rad @o2ysifiiecsliades-iake al so formed to
surround the <cold junctions 18 of the thernocouples 14 so that the average
20 t enpetaidicecnf 16heret hikdarvml forped tiooBl hwhereet hep pheiridlerdyecof col d
junctions 18 are positioned is reflected in output of the diodes D1 and

D2. The dbodbeD liconprexsesd aof tist felestidécal Arandued antlayeer abRrbermed to
surround the cold junctions 18, and a second el ectrical conductor |[ayer
DN1 for mdd didepardallbelofwptd off heher edi orenbRrdutsiident dlecouteyl 2&nduetoyhery of
the first electrical conductor |ayer DP. On the other hand, - 20 the diode
D2 conpri8eis ehectriirsklveFerneckedltoctmdibi gy whby eorbDRraddsisle smtdhb of

el ectrical conductor |ayer DN2 forned in parallel with the region
the other polysilicon electrical conductor 16 by the aluminum electrical

conductor 15. This can form the thermocouples 14 each having the hot

10 junction 17 on the infrared absorber 11 side and the cold junction 18
serving as a heat sink on the thick wall portion 3 side, and the
thermocouples 14 are connected in series to form one thermopile 12.

Again referring to Fig. 2, the two diodes D1 and ﬁ2 are formed in

the peripheral portion 9 serving as the thick wall portion 3 of the

15 silicon substrate 2. The diodes Dl and D2 are formed in stripes
extending along the peripheral portion 9 of the silicon substrate 2 to
surround the four sides of the membrane portion 4 positioned at the
center of the substrate 2. .The diodes are also formed to surround the
cold junctions 18 of the thermocouples 14 so that the average

20 temperature of the thick wall portion 3 where the plurality of cold
junctions 18 are positioned is reflected in output of the diodes D1 and
D2. The diode Dl comprises a fist electrical conductor layer DP formed
to surround the cold junctions 18, and a second electrical conductor
layer DN1 formed in parallel with the region DP outside the outer

25 periphery of the first electrical conductor layer DP. On the other hand,



DP inside,the inner periphery of the first electrical conductor |ayer DP.
The first electrical conductor layer DP is a P+ diffusion layer 5 doped
with an acceptor inpurity by ion inplantation of boron (B) into the
silicon substrate 2, and functions as an anode of the diodes. Wile the
second el ectrical conductor |layers DN1 and DN2 are n+ diffusion |ayers
doped with a donor inpurity by ion inplantation of phosphorus (P) into the
silicon substrate 2, and function as cathodes of the diodes. 10 CQutputs of
the two diodes DI and D2 conprising tH commpon anode are connected to an
anode term nal DA and cathode termnals DKL and DK2 forned in the thick
wal | portion 9. Therefore, mhen a predetermned current is supplied to

each of tpe fi.9 :r% @m,?%“gﬁ nef ALVRrd vol L age. . 3.aps, 9t L.hepdlodgs D and

D2 can be neasur e reference 15 tenperature can be accurately
det er m ned.hy Ef‘é‘ct‘!&éafle LERGRLBETMGED ﬁniﬂefoéﬁ@htﬁ%agéﬂﬂi wint Pogh, 1

tenperature of the cold junctions of the thernopile 12 can be de?ected by

ei ther obpthgidiodRsinddiepbeitencs troPaLat uarl%ctilcﬁlycorIdkl@tctr_emﬁ&_atD@re of
the cold junctions, can be determ ned wi th higher 20 accuracy by using the

di fference betneenriherbormard abltage Hyapspr iNagediydi fowes dagerrent | F
and forward voltage (or forward voltage drop) VF of a diode have the

fol | oM ngoped &t tnRshiagtepk&fUabhpitylby lion=inpSatexoh QPfFbKI9n -(BL1)intd5 I n
equation 1; - 21 IF: forward current [A] |IS: reverse saturation current
[ A] the silicon substrate 2, and functions as an anode of the diodes. While
the second electrical conductor layers DN1 and DN2 are n+ diffusion
layers doped with a donor impurity by ion implantation of phosphorus (P)
into the silicon substrate 2{ and function as cathodes of the diodes.

10 Outputs of the two diodes D1 and D2 comprising the common anode are
connected to an anode terminal DA and cathode terminals DKl and DK2
formed in the thick wall portion 9. The;efore, when a predetermined
current is supplied to each of the diodes D1 and D2, forward voltage
drops of the diodes D1 and D2 can be measured, and the reference

15 temperature can be accurately determined by the difference between the
voltage drops.

Although the temperature of the cold junctions of the thermopile 12
can be detected by either of the diodes, the reference temperature, i.e.,
the temperature of the cold junctions, can be determined with higher

20 accuracy by using the difference between the forward voltage drops.
Namely, forward current IF and forward voltage (or forward voltage drop)
VF of a diode have the following relationship:

[Equation 1]
IF = IS (exp (VF/KT) - 1)

25 In equation 1;



T. absolute tenmperature [K] VF. forward voltage [V] 5 K Boltzmann's
constant (1.3804 x 10-23 [JK-1]) q: electric charge (1.602 x 10-19 [(C])
Equation 1 can be changed to equation 2 by solving for VF. [Equation 2] VF
= (KT/q) log (IF/1S) 10 As can be seen fromequation 2, the tenperature of
the cold junctions 18 can be determ ned based on the forward voltage drop
VF of the diode D1 or D2. However, in order to determ ne the tenperature
of the cold junctions 18 fromthe forward voltage drop VF of one of the

di odes, the forward current IF and the?lreverse saturation current 1S 15
must be determined. It is relatively difficult to directly determi ne these
current values, and thus a conceivable realistic method is used, in which

the relationship petmaen, t.eqpergture and voltage is previously neasured
and stored by a table, and the tenperature is determ ned based on the

detected forwesd uolta0e.Nrac &) HWeVEr (at he difference AVF between forward
vol tage drops VF is determ ned according to the follow ng equation 3:

[ Equation 3] AVRpso{dcl dddRabt Y [&l) - (KT/q)log(l1F2/182) =
(KT/q) [l og(1 F1/1S1) - log(lF2/1S2)] 25 = (KT/q)[log(IFl/IF2) -

| og( 1 S1/1S2) ] vr: 23rwdrdr Vbedager g;; When the two di odes having the sane
inpurity concentration are forned in the sanme sem conductor substrate by
t he same K: Boltzmann's constant (1.3804 x 10723 [gk~17)

q: electric charge (1.602 x 10-19 [C])

Equation 1 can be changed to equation 2 by solving for VF.

[Equation 2]

VF = (KT/q) log (IF/IS)

10 As can be seen from equation 2, the temperature of the cold
junctions 18 can be determined based on the forward voltage drop VF of
the diode D1 or D2. However, in order to determine the temperature of
the cold junctions 18 from the forward voltage drop VF of one of the
diodes, the forward current IF and the reverse saturation current IS

15 must be determined. It is relatively difficult to directly determine
these current values, and thus a conceivable realistic method is used,
in which the relationship between temperature and voltage is previously
measured and stored by a table, and the temperature is determined based
on the detected forward voltage VF.

20 However, the difference AVF between forward voltage drops VF is
determined according to the following equation 3:

[Equation 3]

AVF = (KT/q)}log(IF1/151) - (KT/q)log(IF2/IS2)

(KT/q) [log (IF1/I81) - log(IF2/132)]

25 (KT/q) [log (IF1/IF2) - log{(IS1/IS2)]



production nmethod, the reverse saturation currents IS may be considered as
substantially the same, and thus the termof the reverse saturation 5
currents 1S can be omtted. Therefore, equation 3 can be changed to the
foll owi ng equation 4: [Equation 4] iVF = (KT/q) log(lF1l/1F2) Also, the
forward current IF is represented by the ratio of the 10 forward currents
flowing through the two diodes DI and D2, and thus the current val ues need
not be determ ned. Therefore, in the infrared detecting elenment 1,
assum ng that the forward voltages of 4he diodes DI and D2 are VF1 and
VF2, respectively, the tenperature coefficient of the difference AVF is
determ ned according to the follow ng equation 5: is [Equation 5] OW/'T =

( K/ CI) | Og( l Flé‘d]{:?lzrmdre, (vﬁ)cﬁnl et QL«§ XES m@&%flﬁ?déa%geﬁn @}pd D2 are

provided to utilize the erence between t or war tage drops of
these di Qdﬁéentymontsf@%a&éar €n Anel Dbinel Qg&lkco\q@utogomsepaé By QM ded, v t h

the diodes D1 and 20 D2, i.e., the tenperature of the cold junctions 18,

can be agew@wm medﬁsqer ewezdveJJéeggmra%loﬁ hardifiker£nes hetyeanthe
potential difference between the anode terminal DA and the cat hode

ter m nal aPihipsanctithey pakedtred| andihiLraace hesmeen the-anqedewtLniphnal DA
and the cathode termnal DK2 is 25 determ ned and connected to a circuit

capabbe ehrampkifd eahim@nonitted. 23hecedctE| adduabidrD 3pedbt dHaQged GUr ke
determ nation of the reference tenperature. Therefore, the tenperature
di f f er encelsiiey quetidyy 4t he

[Equation 4]

AVF = (KT/q) log{(IF1/1F2)

Also, the forward current IF is represented by the ratio of the

10 forward currents flowing through the two diodes D1 and D2, and thus the
current values need not be determined. Therefore, in the infrared
detecting element 1, assuming that the forward voltages of the diodes D1
and D2 are VF1 and VF2, respectively, the temperature coefficient of the
difference AVF is determined according to the following equation 5:

15 {Equation 5]

AVF/T = (K/q) log(IFL/IF2) ... (5)

In this way, when the diodes D1 and D2 are provided to utilize the
difference between the forward voltage drops of these diodes, the
temperature of the thick wall portion 3 provided with the diodes D1 and

20 D2, i.e., the temperature of the cold junctions 18, can be accurately
determined.

Therefore, the difference between the potential difference between
the anode terminal DA and the cathode terminal DK1, and the potential

difference between the anode terminal DA and the cathode terminal DK2 is

25 determined and connected to a circuit capable of amplification and



output fromthe thernmopile 12 is corrected to permt tenperature
measurenent with high accuracy. The termnals for connecting the 5 infrared
detecting elenment 1 of this enbodinent to the circuit having the above
function are collected at a corner of the thick wall portion 3, and thus
outputs of all the thernopile 12, and the diodes D and D2 can easily be
taken out to the outside. Fig. 4 is a cross-sectional view show ng a
structure lam nated on 10 the upper surface 2a of the sem conductor
substrate 2. In the infrared detectimf elenment 1, a first junction |ayer
21 made of silicon oxide, a first structure layer 22 made of silicon
nitride, an oxide film31l serving as a junction |ayer, an electrical

conduct or., 18,986, f ARk YSiHel conand LeBSLLEE NG 8aeh  Ofe L hE
t hermocoupl es 14, two silicon 15 oxide filns 32 and 33, and two surface

protecti Rgndd 20838 Al e39-ar end ac@ngééa%dré’raitf?@ré;iclai&&Qréﬂgﬁtﬂﬁk‘ﬁez in turn
frombelow The infrared absorber 11 is deposited on the surface

protecti Bgefid #Bom ThE GRRhSRLe POLLT QY reftdd@o SRIEONAUEE A rustibstrate 2 is
etched out of a lower portion 2b to formthe nmenbrane portion 4 in the

central peEidRRed widl) HOkhthRGead Ay ettt thhfnhl § SHorStddtebtd®y kByer 22 nade
of silicon nitride conprises a filmdeposited by the | ow pressure (reduced
pr essbir ein3depr @@ssingl BRerinki CQE Bhid letieodimkbit depoisd tcedediy héhankow
pressure (reduced pressure) CVD process has a stress of about 8 to. 10 x

109 dynefbatabcie diunetcn? aze OcollPaedatt e corta Rt enpehadtumell Toetdore, 25
the first structure |ayer 22 nade of the silicon nitride deposited by - 24
t he | ow preéstysecyiratucddapy absurrermédMDeptcess tihe HiglskeDl enBedPpybhed by

the thick wall portion 3 serving as a base to cause | ess bendi ng of
easily be taken out to the outside.

Fig. 4 is a cross-sectional view showing a structure laminated on

10 the upper surface 2a of the semiconductor substrate 2. In the infrared
detecting element 1, a first junction layer 21 made of silicon oxide, a
first structure layer 22 made of silicon nitride, an oxide film 31
serving as a junction layer, an electrical conductor 16 made of
polysilicon and constituting each of the thermocouples 14, two silicon

15 oxide films 32 and 33, and two surface protecting films 38 and 39 are
laminated on the silicon substrate 2 in turn from below. The infrared
absorber 11 is deposited on the surface protecting films. The central
portion of the semiconductor substrate 2 is etched out of a lower
portion 2b to form the membrane portion 4 in the central portion 10.

20 Of these layers, the first structure layer 22 made of silicon
nitride comprises a film deposited by the low pressure (reduced
pressure) CVD process. ' The silicon nitride film deposited by the low
pressure (reduced pressure) CVD process has a stress of about 8 to 10 x
109 dyne/cm2 (1 dyne/cm2 = 0.1 Pa) at a certain temperature. Therefore,

25 the first structure layer 22 made of the silicon nitride deposited by



t he nenbrane portion 4 supported by the first structure |ayer 22. Al so,
silicon nitride has a lower rate of silicon etching wwth an 5 etchant such
as xenon fluoride, potassium hydroxide, or the Iike than silicon oxide.
Therefore, silicon nitride is nore efficient than silicon oxide as an
etching stopper, and can securely prevent corrosion even when the film

thickness is snall. Therefore, etching for formng the central portion 10
conprising the first structure layer 22 can be 10 securely controll ed.
Furthernore, like silicon oxide, siltcdn-nitride has an insulating

property, and can thus insulate elenments fromeach other when being forned
on the surface of the silicon substrate. In the infrared detecting el enent

1 of thig,enhedinRf e (Q@dJéeﬁSﬁEre%TsGP&t BUS JRYELs 3¢ dpextending, hbyt he
peripheral portion 9 of the silicon substrate 2 is patterned to serve as a

filmforyisglating e begiQRss QNLy: NP2sand P tof l’cQ&EQeGQQQs h&ing Whi Ch

constitute the diodes D1 and D2. Therefore, in he infrared detectl ng

el enment  1n&fmehbisheepbRdAENsup@Scd@SEY |t93df1§Q@Vsﬁaruc{1ﬁrenlﬂgart be. first
structure layer 22 nmade of si FI con nitride over the 20 upper surface 2a of

the silicon spybstrafigcdnGarra@hingyen ebRo®Rhte ic30kalicen S1Qhif@rALAGH he
di odes, and forma sufficiently thin nmenbrane which is not bent.

Consefuerttnantt HichnmesiHeane Nabtidd) padasbeud hivap@ddtp opEry anke asc@ape of
heat, and deformati on such as bending or the like can be prevented w thout
an increaskidon exiriel exiheyetdrel heiltaomfractidd ng ’repediiesent asaconpared with
the infrared detecting elenent shown in Fig. - 25 27 in which el enent
i sol ati osidigbnaoxigishrarke porhingrstapeemchne\vaad $gcurgdy pgewsntoxedmsfiph m |t
is thus possible to provide the infrared
even when the film thickness is small. Therefore, etching for forming
the central portion 10 comprising the first structure layer 22 can be
10 securely controlled,
Furthermore, like silicon oxide, silicon nitride has an insulating
property, and can thus insulate elements from each other when being
formed on the surface of the silicon substrate. In the infrared
detecting element 1 of this embodiment, the first structure layer 22
15 extending in the peripheral portion 9 of the silicon substrate 2 is
patterned to serve as a film for isolating the regions DN1, ND2 and DP
from each other, which constitute the diodes D1 and D2. Therefore, in
the infrared detecting element 1 of this embodiment, as described above,
forming the first structure layer 22 made of silicon nitride over the
20 upper surface 2a of the silicon substrate 2 can achieve element
isolation for forming the diodes, and form a sufficiently thin membrane
which is not bent. Consequently, the membrane portion can be thinned to
prevent escape of heat, and deformation such as bending or the like can

be prevented without an increase in complexity of the manufacturing

25 process, as compared with the infrared detecting element shown in Fig.



detecting, el enent having higher sensitivity and accuracy. The first
punction layer 21 nade of silicon oxide and fornmed below 5 the first
structure layer 22 is a layer for securing adhesion between the first
structure layer 22 made of silicon nitride and the silicon substrate 2.
Also, in the central portion 10, the polysilicon electrical conductor 16 is
formed on the first structure layer 22 through the oxide film 31
functioning as the etching stopper, and the 10 al um num el ectri cal
conductor 15 is forned on the polysiti%Zon el ectrical conductor 16 to form

t he thernocouples 14. On the other hand, in the peripheral portion 9, the
conductive regions DN1, DN2 and DP, which <constitute the diodes D1 and D2,

are formed gn.the %!Lérae%nléotit;%{g sﬁd% L&B%@&%%@%%@J& gehgt her by

the first structure layer 22, and alum numw ring orne on these

regi ons. Eurd Derdmue. sshhe o de thmc%%1§fer ¥bNG R3a&nkNStHaLiNg | ayer, and
the oxide film 33 for planarization are lam nated to cover the centra

portion 40cadidng NapR&fd RREIR! hPHlI OhsQci ARG LAE aSkhdLQn OXi de surface
protecting film38 and the silicon nitride surface protecting film39 20

are | am nat edman st hesquaxdida fdyjers2B%aande33i1iddnt 1 deedtd abr@r béw 10,
the infrared absorber 11 is formed on the uppernost |ayer so as to cover
t he porticbastiaboveertibeirdeolayetnes iians 1kfeof fdrheedirengopihkei ch2bethiten i nfrared
absorber 11 absorbs infrared radiation to increase the tenperature,
t her eby seeufiirny strhatrwye Lenperatmare «ff kikrencel thetisveed thire s25i doat
junctions 17 and the cold junctions 18. As a result, the output - 26
vol t age efbstrate Her ndld, eid Zhescemicpbasetidro 1P nciheas@ vshei®ensitivity of
t enper at ur e neasurenent .
electrical conductor 16 is formed on the first structure layer 22
through the oxide film 31 functioning as the etching stopper, and the
10 aluminum electrical conductor 15 is formed on the polysilicon electrical
conductor 16 to form the thermocouples 14. On the other hand, in the
peripheral portion 9, the conductive regions DN1, DN2 and DP, which
constitute the diodes D1 and D2, are formed on the silicon substrate 2
to be isclated from each other by the first structure layer 22, and
15 aluminum wiring 36 is formed on these regions.

Furthermore, the oxide film 32 serving as an insulating layer, and
the oxide film 33 for planarization are laminated to cover the central
portion 10 and the peripheral portion 9, and the silicon oxide surface
protecting film 38 and the silicon nitride surface protecting £ilm 39

20 are laminated on these oxide films 32 and 33. In the central portion 10,
the infrared absorber 11 is formed on the uppermost layer so as to cover
the portions above the hot junctions 17 of the thermopile 12. The
infrared absorber 11 absorbs infrared radiation to increase the

temperature, thereby securing a large temperature difference between the

25 hot junctions 17 and the cold junctions 18. As a result, the output




Figs. 5 to 12 schematically show the process for manufacturing the

infrared detecting element 1 of this enbodinent. As shown in Fig. 5, 5 the
first junction layer 21 made of silicon oxide (Si02) having a thickness of
as small as about 400 A is fornmed on the upper surface 2a of the p-type
silicon substrate 2 by thermal oxidation. The first junction |ayer 21
conprises a filmfor increasing adhesion to the first structure |ayer 22
formed thereon, the filmbeing thinner than a field 10 oxide fil m deposited
as a filmfor elenent isolation in a-géneral sem conductor manufacturing
process. As described above, the first junction |ayer 21 is nmade of
silicon oxide, has internal stress in the conpression direction, and is

l'iable tgop(% Qe&{ t%tﬁegmwlel 1§ h.l Cl&&@%sed lE'QV\ﬁx\{:ecgaseSItH gse}]p.@tjf\jirt tof

junction Iayer 21 1s thin, and as described 15 above, Irst structure

| ayer 22tg&Q§a9$m§héé§nggh;rlde havi ng i nternal stress inthe tensile
direction | am nated on the first junction |ayer 21, the internal stress

in the Cpnpreﬁfgsons o eetd DBmi cal N shbk Sthe Akl Ol a8l rdde ZAHS BShe
substantially no influence on bending. Next, the first structure | ayer 22

made of shifaGea dutkbidRy eHGimdhd)1 o20cmindeRsidingnd thi GBASS nOFipabeyt 2500 A
is formed on the upper surface of the first junction layer 21 by the | ow
pressur e thdy/Fips0c@astiobh@afdr 81 masikr WIC sHI Bocdhayeide2 2smanptdvaag a fil m havi ng
internal stress in the tensile direction, and can prevent bendi ng when
bei ng f othicknens aft At rsmalllam aboutt heo iinfs afcededlenheclid ngpet emerdicehari ng t he
construction shown 25 in Fig. 27, the field oxide filmhas a thickness of
about 5000 thy FOO®e. $ilicop Bubshragederbyt ohemmar exidheieuf f Thed datstf uncti on as
a stopper to the oxide film However, the first structure |ayer nade of
silicon ﬂp%qqldé }ﬁ¥$Fn%} comprises a film for increasing adhesion to the first
structure layer 22 formed thereon, the film being thinner than a field
10 oxide film deposited as a film for element isolation in a general
semiconductor manufacturing process. As described above, the first
junction layer 21 is made of silicon oxide, has internal stress in the
compression direction, and is liable to be bent with a small thickness.
However, since the first junction layer 21 is thin, and as described
15 above, the first structure layer 22 made of silicon nitride having
internal stress in the tensile direction is laminated on the first
junction layer 21, the internal stress in the compression direction of
the first junction layer 21 causes substantially no influence on bending.
Next, the first structure layer 22 made of silicon nitride (SigNy)
20 and having a thickness of about 2500 A is formed on the upper surface of
the first junction layer 21 by the low pressure CVD process. The first
structure layer 22 comprises a film having internal stress in the
tensile direction, and can prevent bending when being formed in a thin

film. 1In the infrared detecting element having the construction shown

25 in Fig. 27, the field oxide film has a thickness of about 5000 to 7000 A



a lowetching rate is forned to decrease the thickness to about 1/3. Since
the first structure layer 22 nmade of silicon nitride serves as the 5
stopper, the first junction layer 21 fornmed below the first structure

| ayer 22 need not be expected to function as the stopper, thereby _
decreasing the thickness. Next, a photoresist is applied onto the first
structure layer 22, and exposed and devel oped, and then the first
structure layer 22 and the 10 first junction layer 21 are patterned by

et chi ng using the photoresist .(not sRAwn in the drawi ng) as a nmask. Then,
the diodes DI and D2 are forned in the regions of the peripheral portion 9
of the silicon substrate 2, which are designed to formthe di odes D1 and

D2, by u§111 %gdexg h:%lghp%a%‘)i: Lsr;er g&%ﬂ%@el}@%ﬁﬁc&%nf QJ at E'&ﬂp%?' Laot itRQ J}ﬁg!aon

Ther ef ore, boron fon i1s inplanted into the region 25, where the

first el ?ﬁfn{.i C}?Jwevgp,nQHQtﬂrrsl:%{lcmei _Jsia%é}rm o\fVi gih.i@-or!ﬂing.lari/d@ BQ—QJ.%gOf 35
KeV for acceleration to formthe P+ diffusion layer (first electrical

conduct 0f 1dway€ninPPRaViNGodRed RPWddYafOREEN NI BEALR 0 Ao¥t 1035 ion/cnk.
Al so, phosphorus (P) ionis inplanted into the regions 26, where the

second 20i)eeehd ireaét Gopdetalroridvayers mbN oFngi IN2n atie ri @y medyesnat herd hi gh
voltage of 80 KeV for acceleration to formthe N+ diffusion |ayers (second
el ectg i catoppenduticofidsay pursk i NI agad 2DNPo fredi g cantiaTpiifdt trganeent rati on
of 4 x 1015 ion/cnR. After each of the electrical conductor layers is
fornmed, asyweab?ngedsnqiebé crxpedtadnderfuponitint kontheobtRpedD0Beadisy 20 M n in
order to recover the crystal defects produced in ion - 28 inplantation and
acti vat edé¢hreapivpurche i wd ckmgslsanted into the regions 25 and 26.°
Consequently, the diodes D1 and D2 isolated fromeach other by

Next, a photoresist is applied onto the first structure layer 22,
and exposed and developed, and then the first structure layer 22 and the
10 first junction layer 21 are patterned by etching using the photoresist
. (not shown in the drawing) as a mask. Then, the diodes D1 and D2 are
formed in the regions of the peripheral portion 9 of the silicon
substrate 2, which are designed to form the diodes D1 and D2, by using
the first structure layer 22 for the isolation region. Therefore, boron
15 (B) ion is implanted into the region 25, where the first electrical
conductor layer DP is formed, with a high voltage of 35 KeV for
acceleration to form the P+ diffusion layer (first electrical conductor
layer) DP having an impurity concentration of 4 x 1015 ion/cm?. Also,
phosphorus (P) ion is implanted into the regions 26, where the second
20 electrical conductor layers DN1 and DN2 are formed, with a high voltage
of 80 KeV for acceleration to form the N+ diffusion layers (second
electrical conductor layers) DNl and DN2 having an impurity
concentration of 4 x 1015 ion/cm?. After each of the electrical
conductor layers is formed, annealing is performed under conditions of

25 800°C and 20 min in order to recover the crystal defects produced in ion



the first,structure layer 22 are forned. Next, as shown in Fig. 7, the
oxide film (HTQO H gh Tenperature 5 Oxide) 31 having a thickness of about
1000 Ais forned by the high- tenperature CVD process. The thus-deposited
oxide film31l conprises a hard filmhaving a low inpurity diffusion
eoefficient. Depositing the oxide film31 can prevent inpurity diffusion
fromthe netal layers |amnated on the oxide film31, i.e., the
polysilicon electrical 10 conductor 16 and the al um num el ectri cal

conductor 15, which constitute the thr nmocouples 14, to the silicon
substrate 2. Then, the polysilicon electrical conductor 16 constituting one
of the electrical conductors of each of the thernocouples 14 is forned on

the oxidendil i din Thenetoffe melmpirmég qﬁghﬁltgat{At%aLh&qegf&ssOEs 16 15

havi ng a thi ckness of about 4000 Ais forned process using a

sil ane (ghd¥s. ga@:nsl&\ﬁenﬁ:@ﬁl(:tthgndloggmﬂlaaﬁé D§| %lat&i fto;ﬁizeacﬁh@thegoﬂ)sym l'i con

el ectrical conductor 16 is doped with, for exanple, phosphorus as ‘a donor

i mpuri tyend odil-oved -hycd-Rer sl s fafrgSfd}ﬁea_O achi eve a sheet resistance of
15 ohm'sgq. 20 Then, a photoresist not shown in the drawing is applied onto

the polysiligar,ehechbincan sonductiie dbideandieXposedi gndedeyalcaped, and
the polysilicon electrical conductor 16 is then patterned by etching using
t he phot oresH)sSBl amvandraskhidknexposgeahdie dodof Asiomokayebg 1R, nDME and DN2,
as shown in Fig. 8. 25 Next, as shown in Fig. 9, the oxide film (HTO 32
havi ng atemRFattid ckhasscess.abthd th0HRieposisedgatiniedeposBt edmbyidehea CVD
process, and the oxide film (BPSG 33 having a thickness of about 8000 A
is furthéprd film having a low impurity diffusion coefficient. Depositing the

oxide film 31 can prevent impurity diffusion from the metal layers

laminated on the oxide film 31, i.e., the polysilicon electrical

10 conductor 16 and the aluminum electrical conductor 15, which constitute
the thermocouples 14, to the silicon substrate 2.

Then, the polysilicon electrical conductor 16 constituting one of
the electrical conductors of each of the thermocouples 14 is formed on
the oxide film 31. Therefore, the polysilicon electrical conductor 16

15  Thaving a thickness of about 4000 A is formed by the CVD process using a
silane (SiH4) gas. The reaction formula is SiHy — Si + Hy. The
polysilicon electrical conductor 16 is doped with, for example,
phosphorus as a donor impurity, followed by thermal diffusion to achieve
a sheet resistance of 15 ohm/sq.

20 Then, a photoresist not shown in the drawing is applied onto the
polysilicon electrical conductor 16, and exposed and developed, and the
polysilicon electrical conductor 16 is then patterned by etching using
the photoresist as a mask to expose the diffusion layers DP, DNl and DN2,

as shown in Fig. 8.

25 Next, as shown in Fig. 9, the oxide film (HTO) 32 having a



deposited on the oxide film 32 by the CVD process. The oxide film 33
conprises LTO (Low Tenperature Oxide), and viscosity is inparted to the 5
oxide filmitself to forma state which can easily be planarized.
Therefore, after the oxide film33 is forned, the oxide film33 is
pl anari zed by anneal ing under conditions of 900C and 20 m n. During
anneal i ng, boron and phosphorus easily diffuse in the filnms, but the oxide
film32 conprising HTOis formed bel ow the oxide film 33, thereby 10

bl ocki ng diffusion of born and phosph@Pus to the silicon substrate side by
the film32. After the surface of the deposited filmis planarized to form
S state in which an alum numnetal filmcan be fornmed w thout

i sconnegct.i on_as describ above, pat I i f f
conducti%‘nlcglé?‘?’/\seé’n °él£df®fou'§i15na?£€le%§£%ﬁ?g%%§ léllffc"dl%?)EN , ogﬁgs't %Feld e
polysiligomee} s c?]nt R ?9?{!9%90% 10 kW0 LR sALG Uk OF FRAACLY Rl | CON

and a neta al

il
substrate 2, um num netal ), as shown in Fig. 10.r Nanmely, a

phot or es.&é&osﬁ.@é}; oANaOWN ok ind Be1,rRavh NGhel é‘VDaQPJde%Q orthe dheeoxiidesfil m 33,
and exposed and devel oped, and then the oxide filns 33 and 32 are 20 etched

by usi ngcddie: PLOLREEEIoRt TP edatBEKot Qe X RASEVINR s it f fidSingartay@bstheDP, DNL
and DN2, and the portions corresponding to the hot junctions 17 and the
col d § ungtians; k8 ; @feliheo PRI-MSA Isita O Wk e tdah Cads i Pt gl &farl Bed Next ,
alum numis deposited by sputtering vapor deposition so as to fill in the
r ecessesthadeibee by rpat tae Nixige afidmf 83 msafbdedithemndtidentiiot 3325 shown in
the drawing on the oxide film33. Then, a photoresist is - 30 applied onto
t he al unpranart tédnpyasntheexjpos eddeandodéeboped, 2Eid dnke20 adiom Mwrifd I mis
patterned by etching using the photoresist as a nmask to
annealing, boron and phosphorus easily diffuse in the films, but the
oxide film 32 comprising HTO is formed below the oxide film 33, thereby
10 blocking diffusion of born and phosphorus to the silicon substrate side
by the film 32.
After the surface of the deposited film is planarized to form a
state in which an aluminum metal film can be formed without
disconnection as described above, patterning 35 is performed for
15 conduction between the diffusion layers DP, DN1 and DN2, and the
polysilicon electrical conductor 16, which are formed on the silicon
substrate 2, and a metal (aluminum metal), as shown in Fig. 10. Namely,
a photoresist (not shown in the drawing) is applied onto the oxide film
33, and exposed and developed, and then the oxide films 33 and 32 are
20 etched by using the photoresist as a mask to expose the diffusion layers
DP, DN1 and DN2, and the portions corresponding to the hot junctions 17
and the cold junctions 18 of the polysilicon electrical conductor 16.
Next, aluminum is deposited by sputtering vapor deposition so as to

£ill in the recesses formed by patterning and form an aluminum film not

25 shown in the drawing on the oxide film 33. Then, a photoresist is



formthe nmetal wiring 36 and the alum num el ectrical conductor 15, as

shown in Fig. 11. As a result, the alumnumelectrical conductor 15 is 5
connected to the polysilicon electrical conductor 16 to formthe hot
junctions 17 and the cold junctions 18. At the sane tinme, the plurality of
t hernocoupl es 14 are connected in series to formthe thernopile 12. Since
the oxide film (BPSG 33 is deposited on the oxide film 32, and

pl anari zed, disconnection of the alum numelectrical conductor 15 and 10
the metal wiring 36 can be prevented-diffirng etching. In this way, the
structure |l am nated on the upper surface 2a of the sem conductor substrate
2 i's substantially conpleted. Then, .as shown in Fig. 12 the surface

protecti ) ]flleld JDAP@ a%gmﬂl%llnl PJng, GE0SR Qltd o u I & deposi t ed
g% T g et éﬂ rth05|

by the pl process u5|ng a (tetra |cate) gas.

After th 1ud\1nﬂh3§1&n519$29§%%n bﬁ%@c%ldéph&n@t}g %rﬁgt).o eél?tpgl i gqn ?th t hen

baked un condi t1 ons “of esul t, the surface

protecti Bgyd ichm Iﬁt&auswﬂla?aerd 284 tnk Nt SuLEROd TRRt ,coad@ét%r@s niptride film
(SixNy) is deposited as he second surface protecting film (PADB) 39

havi ng ashbickRess.oi1abayta 1200 kQ000hA 00mihe Eidst:slr bacRicpsptligciing film
38 by a plasma enhanced CVD process. The conbination of the thicknesses of

the t9%0 suftared pHOtREtdolgs fliiko® e38cafidadScdniuaedr L6 nid €6t @né hptabove, and
the thickness of the surface protecting film 38 may be 2000, 20000 or 6000
A, and tjhectibhekivessd afhet @ aStidacenPriet ectti ARe fsiahen 3%e payhebpl @Dy 5000
25 or 10000 A according to the thickness of the surface protecting film 38.
- 31 Al toér riatrivveduples Ha sue fcaoeequedt Bctsenigesf £bnic38 tievkhgrmepile akness of
30000 A may be deposited to omt the surface protecting film 39. The
Since the oxide film (BPSG) 33 is deposited on the oxide film 32, and
planarized, disconnection of the aluminum electrical conductor 15 and
10 the metal wiring 36 can be prevented during etching.
In this way, the structure laminated on the upper surface 2a of the
semiconductor substrate 2 is substantially completed. Then, as shown in
Fig. 12, the surface protecting film (PADA) 38 having a thickness of
about 2000 A is deposited by the plasma CVD process using a TEOS
15 (tetraethyl orthosilicate) gas. After the film 38 is deposited, SOG
(Spin On Glass) is applied and then baked under conditions of 400°C and
30 min. As a result, the surface protecting film 38 is planarized.
In this embodiment, a plasma nitride film (SixNy) 1s deposited as
the second surface protecting film (PADB) 39 having a thickness of about
20 1000 A on the first surface protecting film 38 by a plasma enhanced CVD
process. The combination of the thicknesses of the two surface
protecting films 38 and 39 is not limited to the above, and the
thickness of the surface protecting film 38 may be 2000, 20000 or 6000 A,

and the thickness of the surface protecting film 39 may be 10000, 5000

25 or 10000 A according to the thickness of the surface protecting film 38.



above-descri bed thicknesses of the other |ayers are only exanples, and the
thi cknesses are not limted to the above values. 5 The surface protecting
films are filnms for preventing etching of the structure |ayers such as the
al umi num el ectrical conductor 15 and the polysilicon electrical conductor
16, and the like, which are forned on the upper surface 2a of the silicon
substrate 2, during final etching of the silicon substrate 2. Therefore,
with the surface protecting film 10 39 having an excessively small

t hi ckness, the surface protecting fiFm39 is not properly fornmed on an
uneven portion to cause entrance of the etchant, thereby possibly breaking
the thernopile 12 due to etching of the surface protecting film 38.

Ther ef or g; + 4,h6 1 1GKNGRS €8, Ake L IQ L WO ng EL1IF 388,.80My 30 A &nRE ST &N abl y
appropriately set according to the 15 etching rate. Furthernore, gold bl ack

I's deposizhsh ANmd8e SHLHACEPENIHAEI A bl #ce3Ide@ct Ml N 3b DT L ed
absorber 11 having a thickness of about 1 to 10 m Finally, the | ower

portion 2honf-qbherisih i GQBk SRSt I end JeheFBSkess a0 dRgvexddieesenhial
portion 10, and the central portion 10 of the 20 silicon substrate 2 is

ani sot r oph&alnliy¥xedschethral hdr KO s Na@Heaspdvlevairleshant from bel ow
Consequently, the central portion 10 of the silicon substrate 2 is renoved
to fobmthe | ni¢ anethdepsedeicAgheltermntrd Shawnfdrnprdvegtiny eBtiinggo®t chi ng,
the first structure layer 22 functions as the stopper to prevent excessive
et chi ng. thaertehotee tdyereesnidhaks phet alomitn 25eofriiche ®nbHucer substirate 2
can be substantially conpletely renoved to - 32 formthe nmenbrane portion
4 havi ng the dedvs Ed-cbhi glenesiscal neqridaceantlfal andpoird ildke,1@Fhich are formed
on the upper surface 2a of the silicon substrate 2, during final etching
of the silicon substrate 2., Therefore, with the surface protecting film
10 39 having an excessively small thickness, the surface protecting film 39
is not properly formed on an uneven portion to cause entrance of the
etchant, thereby possibly breaking the thermopile 12 due to etching of
the surface protecting film 38. Therefore, the thicknesses of the two
films 38 and 39 are preferably appropriately set according to the
15 etching rate.
Furthermore, gold black is deposited on the surface protecting film
39 to form the infrared absorber 11 having a thickness of about 1 to 10
pm. Finally, the lower portion 2b of the silicon substrate 2 is masked
to leave the central portion 10, and the central portion 10 of the
20 silicon substrate 2 is anisotropically etched with KOH or NaOH as the
etchant from below. Consequently, the central portion 10 of the silicon
substrate 2 is removed to form the infrared detecting element 1 shown in
Fig. 4. During etching, the first structure layer 22 functions as the

stopper to prevent excessive etching. Therefore, the central portion 10

25 of the silicon substrate 2 can be substantially completely removed to



The infrared detecting elenent 1 of this enbodi nent can be manufactured by
the above-descri bed manufacturing nethod. The infrared 5 detecting el enent
1 of this enbodi ment conprises the first structure |layer 22 made of silicon
nitride instead of silicon oxide and forned on the silicon substrate 2.
Particularly, inthe infrared detecting elenent 1 of this enbodi nent, the
first structure layer 22 is formed by the | ow pressure CVD process, and
thus the first structure layer 22 10 conprises a film having strong
internal stress in the tensile directiddn. Therefore, the nenbrane portion
is less likely to be bent, and neasurenent error of the thernopile 12 due
to deformation of the nenbrane portion 4 can be decreased. Furthernore,
the T1TSh, Bl LUCLULS. .85 28, TPARy QL 81dd:G00 UL LLAR, P chs Laused to
function as the stopper dhrlng et ch |ng erefore, the first structure

| ayer Zzwhgggélgnlng as the stopper can be nmade thinner than a structure
in which the field oxide filmserves as the stopper, thereby decreasing
the heat capagiet ynQh LdQiRBARNGNE Rkt 11081 4ehi ENikhodikdi toperature of the
hot junctions 17 rapidly increases to increase 20 the response speed. By

t hi NNi NORdHe 2 86860A G S thel Cipdke-de@Y efbedZmarlt@ct BS 6a R tabd heahe fin@paide hot
junctions 17 to the cold junction 18 can be decreased. Therefore,

mMeasy engdteceinPlel Oherithe dthenipnbeiihdne ampeisekutidheirgdecreasadet 0 obt ai n
a tenperature with higher accuracy. Furthernore, the structure | ayer nade
of sili chdyeti 22 indee Nty sbeicodSnidiriteleithstedd of woL Lliayeregiddiagd ddmeows a
nodi fi ed enbodi nent of the - 33 present invention. In the infrared

det ect i nghelsehkrrn b@bsghavm 2i.n FHrgiculbk3lya isetiondnStangdtdatectinger 41 and a

third structure |ayer 42 are
element 1 of this embodiment, the first structure layer 22 is formed by

the low pressure CVD process, and thus the first structure layer 22
10 comprises a film having strong internal stress in the tensile direction.
Therefore, the membrane portion is less likely to be bent, and
measurement error of the thermopile 12 due to deformation of the
membrane portion 4 can be decreased.
Furthermore, the first structure layer 22 made of silicon nitride
15 is caused to function as the stopper during etching. Therefore, the
first structure layer 22 functioning as the stopper can be made thinner
than a structure in which the field oxide film serves as the stopper,
thereby decreasing the heat capacity of the membrane portion 4. Thus,
the temperature of the hot junctions 17 rapidly increases to increase
20 the response speed. By thinning the second structure layer 22, the
escape of heat from the hot junctions 17 to the cold junction 18 can be
decreased. Therefore, measurement error of the thermopile 12 can be
further decreased to obtain a temperature with higher accuracy.
Furthermore, the structure layer made of silicon nitride may be

25 divided into two layers. Fig. 13 shows a modified embodiment of the



formed between the first structure layer 22 and the oxide film31. Nanely,
the second structure |ayer 41 nade of silicon oxide and having a 5

t hi ckness of 5500 A is deposited on the first structure |ayer 22 having a
t hi ckness of 1000 A. The third structure |ayer 42 nade of silicon nitride
and having a thickness of 2000 A is deposited on the second structure

| ayer 41 by the sane production nethod as the first structure |ayer 22.
Furthernore, the oxide film31 is forned on the third 10 structure |ayer
42. The structure above the oxide fi1/A31 and the production nethods
therefor are the sane as the infrared detecting elenent 1. In the infrared
detecting elenent la, a filmhaving a sufficient thickness for preventing

bendi ng of Lhe ;ng ai%g.e RAr thonN 4, 620 88 1ol wided . 0 anbhe ihi F&.

structure layer 2 the third structure layer 42. Therefore, even when

the thicknegsgs.Qf fh8cflseStapdy Wetdihea Ayl st2dcand the thirdestructure
| ayer 42 are set to prevent separation, stress in the tensile direction

can easi by g nghieyedel fi shesvREbIANCaydIObE i HI dhaSxBaMoh.31Nanel y, the
menbrane portion 4 is not bent, and 20 thus neasurenent error of the

t her nopi fignel, due tocdef arriBtianiefed BE maRNDE 301 QAN bkOR dncAAVDE a
decreased. In this way, by using the structure |ayer nade of silicon
ni trisde, thiidr@eseBlar 2800 fairst HOPbsA te@ronbend Uhtherstitlidtured,ayanck debhoinmt i on
can be suppressed. Alternatively, deformation of the nenbrane portion 4
can be 25 wiibsiest ballogo donplied ehyrprsevesttued. LaAles042 mad¢ lvd s 1ifican ed
detecting - 34 elenents 1 and la, the diodes D and D2 for detecting the
t enper at niteridé andhkaGebda jtimcknaarscl@08P &t iLacdarpek bidedn i Hieos¢drad
sem conductor substrate
structure layer 41 by the same production method as the first structure
layer 22. Furthermore, the oxide film 31 is formed on the third
10 structure layer 42. The structure above the oxide film 31 and the
production methods therefor are the same as the infrared detecting
element 1.
In the infrared detecting element la, a film having a sufficient
thickness for preventing bending of the membrane portion 4 can be
15 divided into the first structure layer 22 and the third structure layer
42. Therefore, even when the thicknesses of the first structure layer
22 and the third structure layer 42 are set to prevent separation,
stress in the tensile direction can easily be achieved in the membrane
portion 4 as a whole. Namely, the membrane portion 4 is not bent, and
20 thus measurement error of the thermopile 12 due to deformation of the
membrane portion 4 can be decreased.
In this way, by using the structure layer made of silicon nitride,
the membrane portion 4 can be further thinned, and deformation can be

suppressed. Alternatively, deformation of the membrane portion 4 can be

25 substantially completely prevented. Also, in the infrared detecting




2 by using the.structure |ayer 22 made of silicon nitride for the el enent
iLsolation region. Therefore, the tenperature of the 5 sem conductor
substrate 2 can be determned directly by the diodes DI and D2 in contact
with the sem conductor substrate 2, and thus the reference tenperature can
be accurately obtained as conpared with a conventional infrared detecting
el ement conprising a packaged therm stor chip. Furthernore, since the two
diodes D and D2 are provided to 10 obtain the difference between the
forward vol tage drops, thereby perntti4ng sinple and accurate tenperature
measurenent, as described above. As described above, in the infrared
detecting elenents 1 and |la of this enbodi nent, neasurenent error of the

t her nopi Lfenile%tgtufﬁ ah8 o Oed of Rl ?@t d BE‘efc?@HpJe%!@fngo%Ei&%géracc%@e b&

m nim zed, and e tenperature o e cold junctions can neasured as

the referpnce)qt RIREIAMULE el D Y08, ACGULACY enel RELEI QLB JTEaU@0BNL error
is significantly decreased to permt tenperature neasurenent with high

accuracyz sy heend eRRESALUES TBARY eFBRlueUSE RY1 iRdes: igofst kgal |y has 20
no dependency on tenperature, unlike the therm stor, correction is

unnecessalmenthdf ak orf RU§idrhe TRIrkEodd)atnareipddaated cdetict i ng el ement
havi ng a w de neasurenent range can be provided. The di odes can be forned
by ush ng sthechitiSlorStEditi bt 2| aye be 28 t¥REEhedOdi Sickl ¢ Y Bhd Idid@es d0d error
due to deformation of the nenbrane portion 25 can be prevented, thereby
si mpl i f yiang mzhén nenuéacith njepsadessdasor sabstaece) hed ahevene and
permtting mass production by the sem conductor nanufacturing process.
Ther ef or esfertrace rfempeedudet @ot Paqceh oAl atitklined as compared with a

conventional infrared detecting element comprising a packaged thermistor
chip. Furthermore, since the two diocdes Dl and D2 are provided to
10 obtain the difference between the forward voltage drops, thereby
permitting simple and accurate temperature measurement, as described
above.
As described above, in the infrared detecting elements 1 and la of
this embodiment, measurement error of the thermopile 12 due to
15 deformation of the membrane portion 4 can be minimized, and the
temperature of the cold junctions can be measured as the reference
temperature with high accuracy. Therefore, measurement error is
significantly decreased to permit temperature measurement with high
accuracy. Since temperature measurement using diodes theoretically has
20 no dependency on temperature, unlike the thermistor, correction is
unnecessary. There is thus the merit that an infrared detecting element
having a wide measurement range can be provided.
The diodes can be formed by using the first structure layer 22 made
of silicon nitride, and error due to deformation of the membrane portion

25 can be prevented, thereby simplifying the manufacturing process as



hi gh nmeasurenent accuracy can be provided at |ow cost. Furthernore, in the
infrared detecting elenents 1 and la of this 5 enbodi nent, the di odes Dl
and D2 are arranged to surround the cold junctions 18 of the plurality of
t hernocoupl es 14 so that the average tenperature of the cold junctions is
detected. Therefore, the tenperature of the cold junctions can be detected
wi th higher accuracy. Also, electrodes are arranged al ong the conductive
stripes which 10 constitute the diodes D1 and D2 extending al ong the
periphery in order to control the pofential of the conductive stripes.
This is a structure used for neasuring the reference tenperature with

hi gher accuracy. Therefore, by using the infrared detecting elenent 1 or la

of this de%%g%@pévef,ogné g@%-&giﬁg f&%gpegr%wé@mm%gn&mquﬁ&%tgy_ch as a

clinical ernoneter Or the like, a tenperature neasuring device

capabl e of, te0REE AL WirE JBRASURHAITRRE - M Ll hhgh RGCHACY: £AR1 bferterl dzed. Fig.
14 is a perspective view show ng the appearance of a clinical ear

ther nonef € ndkshuRGndieatifdhay edndsl eebingaeleneitcdktof this enbodi ment. A
clinical "ear thernmonmeter 50 of this enbodi nent conprises a housing 51

having an 20 wl-engaed, shape easyadea @taspi theddr@sfi ahdofa arhand, and a
cylindrical probe 58 which can be inserted into an ear cavity, a LCD 55
for =i sghyinghtt, hendadyddseopeinat iz erreasuneed by $heotherthenetldr, a power
on switch 56 and a battery box 57 are provided on the front face 52. The
i nfraredjdetectid ng f ererdlutalixyconttakpedcoupléshe4houshayg tht serepat the 2-5
infrared absorber 11 faces the distal tip 58a of the probe 58. - 36
Ther ef or egmpen riareedt riadi edlidonurerribtedsi dettelibe®ar Teansfryei $heecei ved by the
infrared absorber 11 of the infrared detecting elenent 1 through the
temperature of the cold junctions can be detected with higher accuracy.
Also, electrodes are arranged along the conductive stripes which
10 constitute the diodes D1 and D2 extending along the periphery in order
to control the potential of the conductive stripes. This is a structure
used for measuring the reference temperature with higher accuracy.
Therefore, by using the infrared detecting element 1 or la of this
embodiment for forming a temperature measuring device such as a clinical
15 thermometer or the like, a temperature measuring device capable of
temperature measurement with high accuracy can be realized. Fig. 14 is
a perspective view showing the appearance of a clinical ear thermometer
using the infrared detecting element 1 of this embodiment. A clinical
ear thermometer 50 of this embodiment comprises a housing 51 having an
20 elongated shape easy to grasp with the flat of a hand, and a cylindrical
probe 58 which can be inserted into an ear cavity, a LCD 55 for
displaying the body temperature measured by the thermometer, a power on
switch 56 and a battery box 57 are provided on the front face 52. The

infrared detecting element 1 is contained in the housing 51 so that the

25 infrared absorber 11 faces the distal tip 58a of the probe 58.



probe 58 so that the tenperature can be neasured by the thernopile 12.
Therefore, when a neasurenent start switch 54 provided on the back 5 53 of
t he housing 51 of the clinical ear thernoneter 50 is operated, output of
the infrared detecting elenent 1, i.e., output of the thernopile 12, is
corrected by the tenperature determ ned fromoutput of the diodes D and
D2, or the tenperature of the cold junctions 18, to display the body
tenperature (tenperature) with high accuracy. 10 Fig. 15 is a bl ock diagram
showi ng the schematic circuit configu¥@ation of the clinical ear

t hermoneter 50. The clinical ear thernonmeter 50 of this enbodi nent
conprises a tenperature derivation section 61 for calculating the

t enper at %gr&xrg,sIlqgr&%py;dlawsn tenﬁttédniﬁ ahed. AeLef1d,NYs eJe%gF%t the
measurenent start swtch 54, 5, the power "on swt 56 and the

battery 3%fe itheai&RimesAtuLe G@Hh%ﬂﬁﬁ%r@@%‘t@@tl% SAMRAE SEShAnddn! Ste dat a
out put section 71 for supplying the difference between the forward vol t age

drops of ptoge deogdeshadltndnthrpriird &dr¥Bal mdaBdi&Bbl Nehe! Beei@BPES abure Tr of
the cold junctions 18 of the thernopile 12 to a CPU 63, a second data

out put 20 secthédaréle,l Qhell pedduragerdther ottt puitcnobi agevaded be dhaepaxpi l e 12
as a signal indicating the tenperature difference AT between the cold
junctbons3lé and Hdueifptsl] eNahie 0fiSnidal @at hhetiMhe@dyr Fohes @RdrbSed,or
deriving the body tenperature fromthe tenperature Tr and the tenperature
di ff er encetAlE obt tdieneulf faredn dehiectdialyae Durteptitl, secd i, 0a8tplt andthab 72,
respectively, and controlling the entire thernoneter, and a RAM 64 - 37
servi ng &sevmrklari@asif ceryventiedusy ¢perampersugd deter@PlddoBromThetput of
tenperature Tr of the cold junctions 18, which is determ ned by out put

the diodes D1 and D2, or the temperature of the cold junctions 18, to

display the body temperature (temperature) with high accuracy.

10 Fig. 15 is a block diagram showing the schematic circuit
configuration of the clinical ear thermometer 50. The clinical ear
thermometer 50 of this embodiment comprises a temperature derivation
section 61 for calculating the temperature by using output from the
infrared detecting element 1, the measurement start switch 54, the LCD

15 55, the power on switch 56, and the battery 57. The temperature
derivation section 61 comprises a first data output section 71 for
supplying the difference between the forward voltage drops of the diodes
D1l and D2 as a signal indicating the temperature Tr of the cold
junctions 18 of the thermopile 12 to a CPU 63, a second data output

20 section 72 for outputting the output voltage of the thermopile 12 as a
signal indicating the temperature difference AT between the cold
junctions 18 and the hot junctions 17 to the CPU 63, the CPU 63 for
deriving the body temperature from the temperature Tr and the

temperature difference AT obtained from the data output sections 71 and

25 72, respectively, and controlling the entire thermometer, and a RAM 64




fromthe diodes DI and D2, is added to the tenperature difference AT
between the hot junctions 17 and the cold junctions 18, which is 5
deternined by output fromthe thernmopile 12, to derive the body
tenperature. The derived body tenperature is displayed on the LCD 55
provided on the front face 52 of the housing 51. Since the above-descri bed
infrared detecting elenent 1 is incorporated into the clinical ear

t hernoneter 50, the body tenperature 10 can be constantly neasured with
hi gh accuracy based on the output of- Bhe-thernopile 12 of the elenent 1 and
the output of the diodes DD and D2 w th no influence of the operation
environnment. Also, the infrared detecting el enent 1 can be provided by

usi ng the sem %ond uctor | nufv%(rztgurseo esgs al: Low gosts d thus the
clini cal *€3r"Y R&r Nomef' &F 0 "using Pement ﬁ s conpact  and

| nexpensiyg,  Theref ore. il vy tgteetsttwrapp&t o R0 6AN.835) Ly bought

and used rare tect| ments 1 ‘and IS enbodi nent can

be usedfﬂ)%t tlQJlldXoééy pd# Qd‘ Bé qu %edtb@rtmr@rggrgﬁtre J.Sf(%e]crt.or{ceO_B'FGr types
of clinical thernoneters, and other types of thermometer. The infrared 20

det ect i NG GlefMBRShk aaldcdlenerle; at&qh@omec?]um@m@mtq, lgssn and are
capabl e of tenperature neasurenent with high accuracy, thereby w dening

t he appl doRthOfkd BRGRphE fArSmkieWohdhapild 12, Moadari veUfid body of a pl anar
di ode formed on a P-type silicon substrate having a planar electrode in a

par al | el t@lpapgsure?S Maede tived ANdy UGk oature fOAel dp¢d didf ftusimmy &8s N-t ype
inpurity in the - 38 surface |layer of the P-type silicon substrate, and
when an pnsibed iongthd dyetit Ghca i bf ol xusdeg fill.m for el ement isolation is
present on the

Since the above-described infrared detecting element 1 is
incorporated into the clinical ear thermometer 50, the body temperature

10 can be constantly measured with high accuracy based on the output of the
thermopile 12 of the element 1 and the output of the diodes D1 and D2
with no influence of the operation environment. Also, the infrared
detecting element 1 can be provided by using the semiconductor
manufacture process at low cost, and thus the clinical ear thermometer

15 50 using the element 1 is compact and inexpensive. Therefore, the
clinical thermometer 50 can easily be bought and used.

The infrared detecting elements 1 and la of this embodiment can be
used not only for a clinical ear thermometer but also for other types of
clinical thermometers, and other types of thermometer. The infrared

20 detecting elements 1 and la are also compact and cost less, and are
capable of temperature measurement with high accuracy, thereby widening
the application range.

It is known that in a planar junction of a planar diode formed on a

P-type silicon substrate having a planar electrode in a parallel plane,

25 when the PN junction is formed by diffusing a N-type impurity in the



surface of the . silicon substrate, a N-type inversion layer is forned in

the surface |layer of the P-type silicon substrate below the insulating 5

| ayer with a voltage applied to the PN junction, and a current flows
between the insulating |ayer and the P-type silicon substrate through the
N-type inversion |ayer (for exanple, "Electronics Gjutu Zensho [3], MOS
Device" witten by Takashi Tokuyanma, p300 to 305, issued by Kogyo

Chosa- kai Kabushi ki Kai sha (August 20, 1973)). 10 Therefore, when the

pl anar diode is fornmed on the P-type~sifircon substrate, a reverse current
increases in proportion to the area of the N type inversion |layer, and the
reverse current deteriorates the forward characteristics of the diode to

cause di fsufal&etia%lgtfacsagwactysetsqqps&ftsugstaz@@smms g.{ &yt of

st udy of the infrared detecting ement 1 of this odi nent, "t he

i nvent or g, §Quid ;Q@hmeopwep@hm \ftheagﬁéné iopnand, val Lagesk of dipe
sem conductors D and were unstable to cause error I n neasured

t enper at Wi egaclhes thk nSlque@ﬁ suBst ARt A N napyd i r A Rdodatget 1iRg selRuEN
capabl e of tenperature neasurenent wth %lgher accuracy, the inventors

devel opednansurpidanegedeteaid Rge R €1 BBAts WS E AGaBe W YR i8kh1 &80y
substrate, as shown in Fig. 16. Fig. 16 is a partial sectional view show ng

an i nfranegedet ecta RgltagkesmntedaOtid g §uncanei,hand enbadidmentigafs t he
present invention. In Fig. 16, an infrared detecting element | b conprises
a silicoheswdzst tiat @ns @z teogprayst ragdarheNesufist &atieoh nsubk edteanhMuganduct i on
type inpurity 25 (donor inpurity) is diffused. In the infrared detecting
el enent [the Natypg9nveérgion Jawest iy beymwie2 ] Fiaderoofcsidifeon Zzexstde [3b fir st
structure |layer 22 made of silicon nitride, an oxide film 31 serving as a
j unctic”]Mpay@ﬁv}ce" written by Takashi Tokuyama, p300 to 305, issued by Kogyo
Chosa-kai Kabushiki Kaisha (August 20, 1973)).
10 Therefore, when the planar diode is formed on the P-type silicon
substrate, a reverse current increases in proportion to the area of the
N-type inversion layer, and the reverse current deteriorates the forward
characteristics of the diode to cause difficulties in accurate
temperature measurement. As a result of study of the infrared detecting
15 element 1 of this embodiment, the inventors found that the output
voltages (forward voltages) of the semiconductors D1 and D2 were
unstable to cause error in measured temperature. Thus, in order to
ocbtain an infrared detecting element capable of temperature measurement
with higher accuracy, the inventors developed an infrared detecting
20 element using an N-type silicon substrate, as shown in Fig. 16.
Fig. 16 is a partial sectional view showing an infrared detecting
element according to another embodiment of the present invention. 1In
Fig. 16, an infrared detecting element 1lb comprises a silicon substrate

2c comprising an N-substrate in which an N-conduction type impurity

25 (donor impurity) is diffused. In the infrared detecting element 1lb, a



an electrical conductor 16 nade of polysilicon constituting a thernocouple
14, two silicon oxide filnms 32 and 33, and two surface 5 protecting filns
38 and 39 are lamnated in turn on the N-type silicon substrate 2c from
bel ow, and an infrared absorber 11 is deposited on the surface protecting
films 38 and 39. The first structure layer 22 made of silicon nitride
conprises a filmdeposited by the | ow pressure (reduced pressure) CVD
process, as with the aforenentioned enbodi nent, 10 to prevent the
occurrence of bending of a menbrane péPtion 4 supported by the first
structure | ayer 22. The central portion 10 of the sem conductor substrate
2c is etched fromthe low portion 2b to formthe nenbrane portion 4. In

the N-1YRGsrSldbeolh SUDS Half R0 L8 PRI LRNRL AL AOLE ARyOkydehea RNty ane

portion 4" atter etching to forma thick wall portion 3. The

i nfrar egz %Q&@%ff' E‘Qn%%ﬁ%%&@ CANDEisses; R sel aatihgals gongdueiar 1hayers
DPla an DP2a formed by di ffusing a P-conduction type inpurity (accept or

[ erU_I’i tydn SUEH A8 PUQBuA6rt e rhik e s ﬁoﬁﬁ@lﬁwnf asesthay@mgod the peripheral
portion 9 of the N-type silicon substrate 2c, i.e., the thick 20 wall

portion gerhbsupram it eelfidmabxaRNBLGIs0B2 | Ayes3 Dhlad i tsiopsonbaded by

di ffusing an N-conduction type inpurity (donor inpurity) such as

phosghor pisoteet idye £1 inke 3beindeen arhelaliestad ¢altwonducherNdtayersiDPte and t he
el ectrical conductor |ayer DP2a. These electrical conductor |ayers DPla,
DP2a andsibdNareongtitisinebéww, 26 dh oohdgaBidaabsgbBRall Mandsppsitddecr|tdet ri cal
conductor layer DPla forns - 40 the anode of the diode Dia, the electrical
conduct osudfayerprbactfiognéilimie3s eatthitde Bfe fthestdisdbrectBra.lakks 2 mide

el ectrical conductor |ayer DNa al so
of silicon nitride comprises a film deposited by the low pressure

(reduced pressure) CVD process, as with the aforementioned embodiment,
10 to prevent the occurrence of bending of a membrane portion 4 supported
by the first structure layer 22.

The central portion 10 of the semiconductor substrate 2c is etched
from the low portion 2b to form the membrane portion 4. 1In the N-type
silicon substrate 2c, the peripheral portion of the membrane portion 4

15 is left after etching to form a thick wall portion 3. The infrared
detecting element 1b comprises P+ electrical conductor layers DPla and
DP2a formed by diffusing a P-conduction type impurity (acceptor
impurity) such as boron or the like in the surface layer of the
peripheral portion 9 of the N-type silicon substrate 2¢c, i.e., the thick

20 wall portion 3. Also, an N+ electrical conductor layer DNa is provided
by diffusing an N-conduction type impurity (donor impurity) such as
phosphorus or the like between the electrical conductor layer DPla and
the electrical conductor layer DP2a.

These electrical conductor layers DPla, DP2a and DNa constitute two

25 diodes Dla and D2a. Namely, the electrical conductor layer DPla forms



forms the.cathode of the diode D2a, and the el ectrical conductor |ayer
DP2a fornms the anode of the diode D2a. Like in the above enbodi nent, 5 the
di odes Dl a and D2a using the same cat hode are provided to surround the
cold junctions 18 of the thernmopile 14. In the infrared detecting el enent
kb formed in the N-type silicon substrate 2c of this enbodi nent, as shown
in Fig. 17, the electrical conductor |ayers DPla and DP2a serving as the
anodes of the diodes Dla 10 and D2a are connected to anode term nals DAl
and DA2, and the electrical conductor4q ayer DNa serving as the cathode is
connected to a cathode termnal DK The infrared detecting element |c of
this enbodi nent can be forned by substantially the sanme nethod as the

infrared detgehi NG eLeMEBEe b19f crldSihg ARAvVE: daSELE tagge?rmgdkmgtthﬁ gs.

18 to 25 schematically show the process for manufacturing the infrared

det ecti ng, el LReDt thl @foakhhss:, %ﬂ%@dlwgleét@w@lﬂ%ﬁ&w wﬂaytebemangm ed
detecting elenent I b of this enbodi nent, as shown in Fig. 18, the first

junctionsbayeknlewagee of t12048bdd 694, q&adﬁle(&&%h@ﬁwcegd@tgbll%egss of as
smal | as about 400 A is formed on the upper surface 2a of the silicon

substr at er2¢ faymé heen@lodeOxd datiRde THR . fiLikk jARGET Qbvk ay@od2dengONPri ses a
filmfor increasing adhesion to the first structure |ayer 22 forned
t her ebn, thhelibbkmlei oyl pedhiwzneg thhasere tiwlode oxdedprditilded depesid@ddas a
filmfor element 25 isolation in a general sem conductor manufacturing
process. the4bldNextcti¢nre 18| gfsthstvhgehemide| Byer 22 made of silicon nitride
(Si3Nd) and having a thickness of about 2500 Ais formed on the upper
surface of In the infrared detecting element 1lb formed in the N-type silicon
substrate 2c¢ of this embodiment, as shown in Fig. 17, the electrical
conductor layers DPla and DP2a serving as the anodes of the diodes Dla
10 and D2a are connected to anode terminals DAl and DA2, and the electrical
conductor layer DNa serving as the cathode is connected to a cathode
terminal DK.
The infrared detecting element lc of this embodiment can be formed
by substantially the same method as the infrared detecting element 1 of
15 the above-described embodiment. Figs. 18 to 25 schematically show the
process for manufacturing the infrared detecting element 1b of this
embodiment.
In manufacturing the infrared detecting element 1lb of this
embodiment, as shown in Fig. 18, the first junction layer 21 made of
20 silicon oxide (Si0j) having a thickness of as small as about 400 A is
formed on the upper surface 2a of the silicon substrate 2c¢ by thermal
oxidation. The first junction layer 21 comprises a film for increasing
adhesion to the first structure layer 22 formed thereon, the film being

thinner than a field oxide film deposited as a film for element

25 isolation in a general semiconductor manufacturing process.



the first .junction |ayer 21 by the | ow pressure CVD process. The first
structure layer 22 conprises a filmhaving internal stress in the 5 tensile
direction, and can prevent bendi ng when the N-type silicon substrate 2c is
formed in a thin film Next, a photoresist (not shown in the drawing) is
applied on the first structure |layer 22, and exposed and devel oped, and
then the first structure |ayer 22 and the first junction |ayer 21 are
patterned by 10 etching using the photoresist (not shown in the draw ng) as
a mask, as shown in Fig. 19. Then, th¥€ diodes Dla and D2a are fornmed in
the regions of the peripheral portion 9 of the N-type silicon substrate
2c, which are designed to formthe diodes D a and D2a, by using the first
structure | aygl,22:{or; the 4&9&%&@3}@@9%2@3@ ts%r& QL8n ﬂ@?f&é‘%gﬁ Svhon 15

)
is inplanted into the region 2 ret Irst ectrlca condud¥ or

| ayer DNaphSaf98dedenivihbs@ JH ghbuvobiaog of f@Qmésevnf&r aﬁ%}l el Ati-QN. 4 0

formthe N+ diffusion [ayer (first electrical conductor Tayer) having an

i npuri ty t6ONGeBE rAhEebrolade X 21 QL5 chONGBreshl SO cvBY BB PN re APt ant ed
into the regions 26a, where the second electrical conductor 20 |ayers DPla

and DP2asar@-thes nkGer W2 BombMkgh avel imgavoly 3bcdkal1fresaceekrgation to
formthe P+ diffusion |ayers (second electrical conductor |ayers) having
an i npur itkysioengenrick adn,0Bndfcad relBdd HeadiTRheAfthern-agph afiitdie el ectri cal
conductor layers is forned, annealing is performed under conditions of
900C and s2Bstmane idr o5 dinembd imeeonteén fiiem. 25 crystal defects produced in ion
i nplantation and activate the inpurities - 42 inplanted into the regions
25a and 26a. Uottsequdntbyssishel{mitoskesmbDia thandra®2ag) del adréded raamceaach ot her

by the first structure |ayer 22 are
first structure layer 22, and exposed and developed, and then the first

structure layer 22 and the first junction layer 21 are patterned by

10 etching using the photoresist (not shown in the drawing) as a mask, as
shown in Fig. 19. Then, the diodes Dla and D2a are formed in the
regions of the peripheral portion 9 of the N-type silicon substrate 2c,
which are designed to form the diodes Dla and D2a, by using the first
structure layer 22 for the isclation region. Therefore, phosphorus ion

15 is implanted into the region 25a, where the first electrical conductor
layer DNa is formed, with a high voltage of 80 KeV for acceleration to
form the N+ diffusion layer (first electrical conductor layer) having an
impurity concentration of 4 x 1012 ion/cm?. Also, boron ion is
implanted into the regions 26a, where the second electrical conductor

20 layers DPla and DP2a are formed, with a high voltage of 35 KeV for
acceleration to form the P+ diffusion layers (second electrical
conductor layers) having an impurity concentration of 4 x 1019 jon/cm?.

After each of the electrical conductor layers is formed, annealing

is performed under conditions of 900°C and 20 min in order to recover the

25 crystal defects produced in ion implantation and activate the impurities



formed. Next, .as shown in Fig. 20, the oxide film (HTO H gh Tenperature 5
Oxide) 31 having a thickness of about 1000 A is fornmed by the high-
tenperature CVD process. Then, the polysilicon electrical conductor 16
constituting one of the electrical conductors of each of the thernocouples
14 is formed to a thickness of about 4000 A on the oxide film 31 by using
the CVD process using a silane (SiH4) gas. Then, a 10 photoresist is
applied onto the polysilicon electrical conductor 16, and exposed and
devel oped, and the polysilicon el ectridéat conductor 16 is then patterned
by etching using the photoresist as a mask to expose the electrical
conductor layers DNa. DPla and DP2a, as shown in Fig. 21. Next, as shown in

Fig. 22, e 0x de Ji < 32, hay a d SS.Rf t 00 A
again depc?gl{1 t tkm&?@% o%ésgﬁ\éa%ga t h%én %)I%Fde ?I istrrr%( %%%%4 %%aohaw nz:jsa

thICknes%dOBZ%tl%HEat%gogré%\ §c1I %&LQLerb geeoqmteqtmtw@ kbdeof bkan 32 by the

CVD process fter the oxid is formed, the oxide film33 is
pl anari zgd Ry anneal i ng under condltlons of 900C and 20 min. 20 After the
surface of the deposited oxide film33 is planarized to forma state in

whi ch an al urgeum JetRbw ihmicanzde chord@de Witthouiro: disgonaeethtite a
phot oresi st (not shown in the drawing) is applied onto the oxide film 33,
and exposgdieansh develpechickhed, of npeiderooboh achitewed spndeaciigan bet ween
the diffusion |ayers (electrical conductor |ayers) 25 DNa, DPla and DP2a,
and the paipeshtireonvelpestddscal Treanduct polyb6lisn ehectrdBal gredfrredP in t he
N-type silicon substrate 2c, and a netal (alumnum netal), patterning 35
i s perforoedibytingi org bliethphetorteseslt cagduwtpasleft gach of the
thermocouples 14 is formed to a thickness of about 4000 A on the oxide
film 31 by using the CVD process using a silane (SiH4) gas. Then, a
10 photoresist is applied onto the polysilicon electrical conductor 16, and
exposed and developed, and the polysilicon electrical conductor 16 is
then patterned by etching using the photoresist as a mask to expose the
electrical conductor layers DNa, DPla and DP2a, as shown in Fig. 21.
Next, as shown in Fig. 22, the oxide film (HTO) 32 having a
15 thickness of about 1000 A is again deposited by the CVD process, and the
oxide film (BPSG) 33 having a thickness of about 8000 A is further
deposited on the oxide film 32 by the CVD process. After the oxide film
33 is formed, the oxide film 33 is planarized by annealing under
conditions of 900°C and 20 min.
20 After the surface of the deposited oxide film 33 is planarized to
form a state in which an aluminum metal film can be formed without
disconnection, a photoresist (not shown in the drawing) is applied onto
the oxide film 33, and exposed and developed. Then, in order to achieve

conduction between the diffusion layers (electrical conductor layers)

25 DNa, DPla and DP2a, and the polysilicon electrical conductor 16, which




expose the diffusion |ayers and the portions corresponding to the hot
junctions 17 and the cold junctions 18 of the polysilicon electrical 5
conductor 16, as shown in Fig. 23. Next, alumnumis deposited from above
on the oxide film33 by sputtering vapor deposition so as to fill in the
recesses fornmed by patterning to forman alumnumfilm (not shown in the
drawi ng). Then, a photoresist is applied onto the alumnumfilm and
exposed and devel oped, 10 and the alumnumfilmis patterned by etching
using the photoresist as a nmask to fdBmthe nmetal wiring 36 and the

al um num el ectrical conductor 15, as shown in Fig. 24. As a result, the
al um num el ectrical conductor 15 is connected to the polysilicon
electric ctor. 16,1t or.m. Lunct i 1 d . d
junctiongkﬁggﬂ%% % ém%aﬁég?Fﬁ%?h%ﬁgsfgg%ﬁhgégatgﬁif %ﬁ%ghéégﬁgﬁgé 14 are
connect e i) S&Jc €S difql & MLt N8 rol ey H?msliﬁg 12 bibdoRhsiMeys 4 hgsstiucture
| am nated on the upper ™ surface 2a of Tthe sem conductor substrate 2 is

subst ant Lalos¥ GRMAL £486on ThE8rs dfd SEHRWPottofid Gror2dspohBtns Whf@fenpt ot ecti ng
film (PADA) 38 having a thickness of about 2000 A'is deposited by the

pl asma QMR R0od¥ A0St U NG18 UEOS et s ant byd pei{diasibi catedri@as to cover
the oxide film33, the alum numelectrical conductor 15 and the netal

Wi ririg 36ondubtdenet he thdwn 38 #igy.deposited, SOG (Spin On A ass) is applied
and then baked under conditions of 400C and 30 mn. As a result, the
surface protesct| nglukihun 38 d<popl BB EAFEdbotlbhheteTiBle dih @3By Ni tri de
film25 (SixNy) is deposited as the second surface protecting fil m (PADB)
39 - 44 sherrenipaveprcReesstoén aboat t2000L1ALIDYthe piasaes grhaategd CVD
process on the surface protecting film 38.
patterning to form an aluminum film (not shown in the drawing). Then, a
photoresist is applied onto the aluminum film, and exposed and developed,
10 and the aluminum film is patterned by etching using the photoresist as a
mask to form the metal wiring 36 and the aluminum electrical conductor
15, as shown in Fig. 24. As a result, the aluminum electrical conductor
15 is connected to the polysilicon electrical conductor 16 to form the
hot junctions 17 and the cold junctions 18, At the same time, the
15 plurality of thermocouples 14 are connected in series to form the
thermopile 12. In this way, the structure laminated on the upper
surface 2a of the semiconductor substrate 2 is substantially completed.
Then, as shown in Fig. 25, the surface protecting film (PADA) 38
having a thickness of about 2000 A is deposited by the plasma CVD
20 process using a TEOS (tetraethyl orthosilicate) gas to cover the oxide
film 33, the aluminum electrical conductor 15 and the metal wiring 36.
After the film 38 is deposited, SOG (Spin On Glass) is applied and then
baked under conditions of 400°C and 30 min. As a result, the surface

protecting film 38 is planarized. Furthermore, a plasma nitride film

25 (SixNy) is deposited as the second surface protecting film (PADB) 39




Furthernore, gold black is deposited on the surface protecting film 39 to
formthe infrared absorber 11 having a thickness of about 1 to 10 5 M
Finally, the |ower portion 2b of the N-type silicon substrate 2c is nasked
to | eave the central portion 10, and the central portion 10 of the Ntype
silicon substrate 2c is anisotropically etched with KOH or NaOH as the

et chant from bel ow. Consequently, the central portion 10 of the Ntype
silicon substrate 2c is renmoved to formthe infrared 10 detecting el enent
lc shown in Fig. 16. In the infrared détecting elenment Ib formed by using
the N-type silicon substrate 2c as described above, the N inversion |ayer
is not fornmed belowthe first junction |ayer 21 to obtain the good forward

har act ef st di d et Nee . 15
charac S}ga{/vg_}l!?cas t9§c Onfrggs A@glg?)u 1@0@"}& bpzaa&lﬂn%o 11};1'1% QLE[VBU% MELG&GS

(forwar ages t he es Dla and a are very stable as conpared

wi th the.di odes fornrd.ent ke Pagype silicon substrate, and thus accurate
tenperature detection can 'be perforned. Therefore, by using the infrared

detecting el eARRLe rOf JolhSH180RON HBFYsitad tANPRS At e PEASUELRY tdewi ce
havi ng hi gh accuracy can be obtained. 20 Even when the N-type silicon

substrat € k6 ESmlsEs,inkhersieewitdbe SINURAWMG & aypeExEEsnatlabelit Si kb con oxi de
and the third structure layer 42 nade of silicon nitride shown in Fig. 13
may e puovi dechihet weenldhe péivish Bt pacther B-twwypesild2oandibtheatextdasf i | m
31. As described above, in the present invention, a first structure 25
| ayer magdesketl s lleeon thietddndeal mpoteach 06, anfli gledcoxtir@é dadeden SLOf of ned on -
45 a sem conductor substrate. The first structure |ayer can be fornmed as a
fil m haviimg N-hyer nalionr egstratd Be tensisardbi@dty ortchyd tish | K30 pFessure
NaOH as the etchant from below. Consequently, the central portion 10 of
the N-type silicon substrate 2c is removed to form the infrared
10 detecting element lc shown in Fig. 16.
In the infrared detecting element lb formed by using the N-type
silicon substrate 2c¢c as described above, the N inversion layer is not
formed below the first junction layer 21 to obtain the good forward
characteristics of the diodes Dla and D2a. Also, the output voltages
15 (forward voltages) of the diodes Dla and D2a are very stable as compared
with the diodes formed on the P-type silicon substrate, and thus
accurate temperature detection can be performed. Therefore, by using
the infrared detecting element 1b of this embodiment, a temperature
measuring device having high accuracy can be obtained.
20 Even when the N-type silicon substrate lc is used, the second
structure layer 41 made of silicon oxide and the third structure layer
42 made of silicon nitride shown in Fig. 13 may be provided between the
first structure layer 22 and the oxide film 31.

As described above, in the present invention, a first structure

25 layer made of silicon nitride instead of a field oxide film is formed on




CVD process, and thus bending of a nmenbrane portion can be prevented.

Al so, the deformation of a thernopile forned on the first structure 5 | ayer
can be prevented to pernmt detection of a tenperature difference wth

hi gher accuracy. Furthernore, PN junctions incorporated into the

sem conductor substrate are isolated fromeach other by using the first
structure layer, and thus the PN junctions can be simultaneously
incorporated into the sem conductor substrate, for detecting the 10
accurate tenperature of cold junctions!> Therefore, an infrared detecting
el ement capabl e of detecting tenperatures such as a body tenperature and
the like with high accuracy can be nmanufactured at |low cost, and a conpact

tenper at yr & TRAXCEDY AEYiCRW ti iGN cacCULaEY. al., RE, %%&Q%q al Jow
cost. 15 - 46 CLAIMS 1. A nmethod of manufacturing an infrared detecting

el ement rCOMALSINIncd g SIRs Ofinf OfdNIcREs A of b Sct$bd WG L 1 bawsL s fade of
silicon nitride 5 on a sem conductor substrate; the Step of patterning the

first steustgibeedsayeRd itAut henfeld PBEeS alemb ROkt ptioh daheps eFeanduct or
substrate to forma PN junction on the surface of the sem conductor

substr at @1 sd,hehstrfio ofath ok rdfng whephoiakl tyrmell dhensoGewpl fsuetudehe first 10

structure layer so that cold junctions are positioned in the peripheral

porti®on, layet bet Heuptdiednsad abepgasktdaaretidnnot he tempimaahrfpantf«reneé t he

sem conductor substrate, and connecting the thernocouples in series to
with higher accuracy. Furthermore, PN junctions incorporated into the
semiconductor substrate are isolated from each other by using the first
structure layer, and thus the PN junctions can be simultaneously
incorporated into the semiconductor substrate, for detecting the

10 accurate temperature of cold junctions. Therefore, an infrared

detecting element capable of detecting temperatures such as a body
temperature and the like with high accuracy can be manufactured at low
cost, and a compact temperature measuring device with high accuracy can

be provided at low cost.

15



forma thernopile; and the step of etching out the central portion of the
sem conductor 15 substrate from below. 2. The method of manufacturing an
infrared detecting elenent according to Claim1l, further conprising the
step of formng an infrared absorber on the central portion of the

sem conduct or substrate so as to 20 cover at |east a portion of the

t hernopi | e above or near the hot junctions before the etching-out step. 3.
The net hod of manufacturing an infrared detecting el enment according to
Claim1, wherein the step of formng fRe first structure 25 | ayer conprises
formng the first structure |ayer nmade of silicon - 47 nitride by | ow
pressure CVD. 4. The nmethod of manufacturing an infrared detecting el enent
according to Claiml1, wherein the stgp@f formng the PN junction 5
conprises formng a plurality of the PN junctions. 5. The nethod of

manuf act uri gy 3@k LarLGuesiRe iy Gnel SMaRta RecdyNd dend ai m 1, wherein
the step of formng the PN junction conprises formng a diode by the PN

juncti oneomp@iingihe met hod of manufacturing an infrared detecting el ement
according to Caim1, wherein the step of formng the PN junction
conpri ses fordiengcdpoher RNchuRChi Dirsexiendiige abengmhle oiesijphen alitpodd i on
of the sem conductor substrate. 15 7. The nethod of manufacturing an
i nfr & edordet eatiicagdweiterenipstrate;
the step of patterning the first structure layer in the peripheral
portion of the semiconductor substrate to form a PN junction on the
surface of the semiconductor substrate;
the étep of forming a plurality of thermocouples on the first
10 structure layer so that cold junctions are positioned in the peripheral
portion, and hot junctions are positioned in the central portion of the
semiconductor substrate, and connecting the thermocouples in series to
form a thermopile; and

the step of etching out the central portion of the semiconductor

15 substrate from below.

2. The method of manufacturing an infrared detecting element
according to Claim 1, further comprising the step of forming'an infrared
absorber on the central portion of the semiconductor substrate so as to

20 cover at least a portion of the thermopile above or near the hot

junctions before the etching-out step.

3. The method of manufacturing an infrared detecting element
according to Claim 1, wherein the step of forming the first structure

25 layer comprises forming the first structure layer made of silicon




according. to Caim6, wherein the step of formng the PN junction
conprises respectively formng el ectrodes on the upper surfaces of a first
el ectrical conductor |ayer and a second el ectrical conductor |ayer 20 of
the PN junction so that the el ectrodes respectively extend along the first
and second el ectrical conductor |ayers. 8. The method of manufacturing an
infrared detecting elenent according to Caim1l, further conprising the
step of formng a first 25 junction | ayer made of silicon oxide on the

sem conduct or substrate - 48 before t#he-step of formng the first
structure layer. 9. The nethod of manufacturing an infrared detecting

el ement according to Claim8, wherein the first junction layer is thinner
than 5 t.e.géﬁ§tl§£r¥g§ygg Layer. 10. The nethod of nanufacturing an

i nfrared dét ecti'ng” efénent ~ according to aim3, further conprising the
step of formng a second structure |ayer nmade of silicon oxide on the
first structure layer, and 10 a third structure |ayer made of silicon
nitride on the second struGhEl&uclAYQh- inklardh@ctBihad Ofenimnuf acturing an
infrared detecting elenment according to Claim1l, further conprising the
step of fQIing @oSefHACE LRe AiQt €6d isREp fdfl B QMink Nehes el R@BEHLGE Or substrate
before the etching-out step. 12. An infrared detecting el enment conprising:
a serj copgyst 9&s SYbsidgat lhaying ar aast paljuperidchen et ched out from 20
below, a first structure |ayer nmade of silicon nitride, fornmed on the

5. The method of manufacturing an infrared detecting element
according to Claim 1, wherein the step of forming the PN junction

comprises forming a diode by the PN junction.

10
6. The method of manufacturing an infrared detecting element
according to Claim 1, wherein the step of forming the PN junction
comprises forming the PN junction extending along the peripheral portion
of the semiconductor substrate.
15

7. The method of manufacturing an infrared detecting element
according to Claim 6, wherein the step of forming the PN junction
comprises respectively forming electrodes on the upper surfaces of a
first electrical conductor layer and a second electrical conductor layer

20 of the PN junction so that the electrodes respectively extend along the

first and second electrical conductor layers.

8. The method of manufacturing an infrared detecting element
according to Claim 1, further comprising the step of forming a first

25 junction layer made of silicon oxide on the semiconductor substrate



sem conduct or substrate and having a nenbrane structure in the central
portion; a PN junction fornmed on the surface of the sem conductor substrate
25 by patterning the first structure layer in the peripheral portion of the
- 49 sem conductor substrate; and a thernopile conprising a plurality of
thernmocoupl es forned on the first structure |ayer and connected in series
so that cold junctions are positioned in the peripheral portion, and hot
junctions are positioned 5 in the central portion of the sem conductor
substrate. 13. The infrared detecting ¥ enent according to Caim 12,

further conprising an infrared absorber fornmed on the central portion of
the sem conductor substrate to cover at |east a portion of the thernopile

10 aboveQeof1ohe R NAL cbHAGHT GRS £: 4t STHEALDL NAVE detecting el ement
according to Caim12, wherein the irst structure layer conprises a film

producing internal stress in the tensile direction. 15 15. The infrared
detecting el enent according to Claim 14, wherein the first structure |ayer

is deposited BelQwWhpd @ISHEREMAri6. anThgrifibhadRd daleectdmgrel enent
according to Claim12, conprising 20 a plurality of the PN junctions. 17.

The i nfraceskddal ect cngirelBeniice &C QL df gt t AuinGt 8driM dder WBEFfAINAE RBaFPN
junction forns a diode. 25 1B. The infrared detecting el enent according to
Cl ai md 12 thah@ret nstirheturebDayer.

10. The method of manufacturing an infrared detecting element
éccording to Claim 3, further comprising the step of forming a second
structure layer made of silicon oxide on the first structure layer, and

10 a third structure layer made of silicon nitride on the second structure

layer.

11. The method of manufacturing an infrared detecting element
according to Claim 1, further comprising the step of forming a surface
15 protecting film on the semiconductor substrate before the etching-out

step.

12. An infrared detecting element comprising:
a semiconductor substrate having a central portion etched out from
20 below;

a first structure layer made of silicon nitride, formed on the
semiconductor substrate and having a membrane structure in the central
pertion;

a PN junction formed on the surface of the semiconductor substrate

25 by patterning the first structure layer in the peripheral portion of the



PN junction extends al ong the peripheral portion of the sem conductor
substrate. 19. The infrared detecting el enent according to C ai m 18,
wherein the 5 PN junction conprises el ectrodes extending al ong the upper
surfaces of a first electrical conductor |ayer and a second el ectri cal
conductor |layer of the PN junction. 20. The infrared detecting el enent
according to Claim12, further 10 conprising a first junction |ayer nade
of silicon oxide and formed between the first structure |ayer and the

semi conductor substrate. 21. The infTdPfed detecting el ement according to
Claim 20, wherein the first junction layer is thinner than the first
structure layer. 15 22. The infrared detecting el enent according to C aim

14, furtbern ..cQMRLLSI R A second structure |ayer made of silicon oxide and
a third structure layer nade of silicon nitride, which are formed on the

first structyrtﬁek ‘?..ﬁ.e C%lezl?smzhae p10f48k§ 0, ek eald 80, KlsePBMeqaaGe @hdi Ng to
any one of O ains wherein the sem conductor substrate is an N

conducti @ﬂrsttypteruczére Aay@m%aaédﬁhecmawrsemgeﬂ%w €12 tC OB ij§h&d ohBeadenfrared
detecting 25 elenent according to Claim 12, and neans for correcting the

t enper at geEi tiohdd 18ftHehpe £@hdrjupettidnS 44 Aot erpetahdr £redebeivioned by
output fromthe PN junction of the infrared detecting elenent to determ ne
a tenper at ume chased mrtDott pit tia eamideedidiernopiskeatss 25. The tenperature
measuri ng device according to C aim 24, further

13. The infrared detecting element according teo Claim 12, further
comprising an infrared absorber formed on the central portion of the
semiconductor substrate to cover at least a portion of the thermopile

10 above or near the hot junctions.

14. The infrared detecting element according to Claim 12, wherein the
first structure layer comprises a film producing internal stress in the
tensile direction.

15
15. The infrared detecting element according to Claim 14, wherein the

first structure layer is deposited by low pressure CVD.

16. The infrared detecting element according to Claim 12, comprising

20 a plurality of the PN junctions.

17. The infrared detecting element according to Claim 12, wherein the

PN junction forms a diode.

25 18. The infrared detecting element according to Claim 12, wherein the




conprising a cylindrical portion with the distal tip which can be inserted
knto an ear cavity, wherein the infrared detecting elenent is disposed so
that the upper surface of the central portion faces the distal tip of the
cylindrical portion. 10 26. The tenperature neasuring device according to
€l aim 25, wherein the infrared detecting el enment conprises an infrared
absorber fornmed on the central portion to cover at |east a portion of the

t hernopi | e above or near the hot junctions. 15
__.50__

PN junction extends along the peripheral portion of the semiconductor

substrate.

19. The infrared detecting element according to Claim 18, wherein the
5 PN junction comprises electrodes extending along the upper surfaces of a
first electrical conductor layer and a second electrical conductor layer

of the PN junction.

20. The infrared detecting element according to Claim 12, further
10 comprising a first junction layer made of silicon oxide and formed

between the first structure layer and the semiconductor substrate.

21. The infrared detecting element according to Claim 20, wherein the

first junction layer is thinner than the first structure layer.

15
22. The infrared detecting element according to Claim 14, further
comprising a second structure layer made of silicon oxide and a third
structure layer made of silicon nitride, which are formed on the first
structure layer.
20

23. The infrared detecting element according to any one of Claims 12

to 22, wherein the semiconductor substrate is an N conduction type.

24. A temperature measuring device comprising the infrared detecting

25 element according to Claim 12, and means for correcting the temperature



10

15

- K] -

of the cold junctions by a temperature determined by output from the PN
junction of the infrared detecting element to determine a temperature

based on output from the thermopile.

25. The temperature measuring device according to Claim 24, further
comprising a cylindrical portion with the distal tip which can be
inserted into an ear cavity, wherein the infrared detecting element is
disposed so that the upper surface of the central portion faces the

distal tip of the cylindrical portion.

26. The temperature measuring device according to Claim 25, wherein
the infrared detecting element comprises an infrared absorber formed on
the central portion to cover at least a portion of the thermopile above

or near the hot junctions.




