- 1 - DESCRI PTI ON | NFRARED DETECTOR AND PROCESS FOR FABRI CATI NG THE SAME
TECHNI CAL FI ELD The present invention is directed to an infrared
detector, nore particularly to an infrargd sensor including an infrared
sensor el enment and an associ ated electronic circuit commonly nmounted on a
single circuit block, and a process of fabricating the infrared detector.
BACKGROUND ART WO 2004/ 00198 Al discloses a prior infrared detector
whi ch comprises a circuit block capysogiPnNfrared sensor el enent, and a
case accommodating therein the circuit block. The circuit block is prepared
as an injection nolded plastic body or so-called nol ded interconnect device

(MD) for INFRARED, DETEGIDRIANDIRROGESS FGR CABRICATING FHBBANES | ous
el ectroni c conponents constituting a signal processing circuit which

provi des a detection output. In order to make the infrared detector
conpact, iTECHNICAkrki&hde vari ous el ectronic conponents within a linmted

space. the o r curheliraSkntfyRA 8\ didldlon (63) ARfIch iefediof 3hlyer oo i cat ed

t hr ee- di nensi onal ape in correspondence wt i nds of the
el ect r oni dariegarEi gn iafraredssanser d1ciding abrintatastisenaoy elemegnt and epased

cost. A Scasfs@elaeé@@rercln@ﬁtc &Rﬁﬂ%‘dm%n mbhﬁtécm‘)ﬁ %@?ﬁgié%ﬁft &R 4 © the
el ectronic co ﬁgb n(gre di Hen5| onal circuit block has to
|ncorporat1:?é'°8e 14 HSﬂTdP%Hley' BIHCK- circuit pattern or conductors,
t hereby adding an additional fabrication cost. Therefore, there is a demand
for fabri t circuit block or the infrared detector at a
reduced cg@&b%@% THE | NVENTI ON In view of the above
probl em the pre¥dn00ANHG80AT iscldrssra pbonimpiarad detectonwibichdmnaprisasf r ar ed
det ect or t

Whiedlif ﬁuo%gah@ﬁoa Pise8d SBRECCAEARR R A RUE SR BRRodMlg

assuri ng OBtI mum per he | n rare t €ct or n accor
present in @'fﬁlnmﬁplfwhfd%ka Ehe @irevit blaskiis BERR3TPARSAN inietiansmotags or

e g HRRlenl o SHIRgTENAd imp s MM T RIS | ok

| ul S | | Irs

Substr ot o Ageat B sRRARse0: clkrefh FERGS elettiobic GiTRoRRgS: ne

el ect r oni corstifutingrat signahgrodessingtaircait wéscmprovjes & sleteptivacbutpul. t Sntop with
a recess g&h odﬁ%ha?ﬁe HirtBd detSctBEESMPELY 1.8 18 afranBWaPiolis 'R tratipor ti ng

opposite en
components within a limited space, the circuit block is specifically designed into a

rather complicated three-dimensional shape in correspondence with the number
and kinds of the electronic components, and is therefore fabricated only at an
increased cost. Also for electrical connection of the infrared sensor element to
the electronic components, the three-dimensional circuit block has to incorporate
a correspondingly complicated circuit pattern or conductors, thereby adding an
additional fabrication cost. Therefore, there is a demand for fabricating the
compact circuit block or the infrared detector at a reduced cost.

DISCLOSURE OF THE INVENTION

In view of the above problem, the present invention has been
accomplished to provide an infrared detector which is capable of being fabricated
at a reduced cost, yet assuring optimum performance. The infrared detector in
accordance with the present invention includes a circuit block carrying an infrared
sensor element and electronic components, and a case enclosing the circuit
block. The circuit block is composed of a dielectric resin layer and a first
substrate which is formed with a circuit pattern for mounting the elecironic
components. The dielectric resin layer is formed in its top with a recess which
defines around its periphery with a shoulder for supporting opposite ends of the

MEW2311PCT




-2- infrared sensor. The recess defines a thermal insulation space bel ow
the infrared sensor to give a reliable output w thout being adversely
affected by heat devel oped at the el ectronic conponents. The feature of the
present invention resides in that the first substrate is integrated to the
| ower end of the dielectric resin layer with at |east one of the electronic
conponents being nolded into the dielectric resin |ayer below the recess to

make t he ldhfral:édsénhsq:k Theaeoesd d@f%é@é&@h’i&lm&ﬂ@ﬁion—r : e@el%“bﬁfeah _nltial _
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Fayer to rlhg?lfez&eg‘?e%seorgﬁgrg&\?ﬂ ??%Ilag% OUfpui“gti ot BGWC?VW?JV ieFEe%8YE§? re,
whi | e r et alevieleparhatitheaectoenio tokpapients. t Nehe feataneast the psesertl ievertion
el e 0 ! _
ol ect r oni deEIREIN tha L A FISFHICR FietfaROTGE (ARe: AP RECUBIGE G cn 1«
sinple in resindlayercwit @t leass apasiaf dne electionic cemponenntsdising moldée intafthar ed
det ect i on.diglectric reslf Bi/8F BOIoWs theBcesSlemiakk Ghe Sibait bﬂitt‘i’(ro !aﬁ‘dﬁ@ga rRbig?

f
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n xed W th .
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d Lesin. . .The dielectric resin layer.is preferred to
conpri se é’r?fﬁgsﬁtrqc&ﬁen“ﬁhﬁ?é?taf%?%ﬂ M E%%O{‘é%%gg %Wf@@@éﬁﬁa‘:’rr esin
| ayer enbedeiinegt shificiently awaydash tbe elafiraniecemnponentsi andanpesediuted | n this
connectio ' : ' ' . | econd resin
Coyera f oledrarli Skt Metonl SaSlANGRE AT Patd adeb Ry villth I ERITe IS
f unct i ons COPSHHFEP™ aceaomieal A east anddeliablein theindlaged detdationi rcuit in

order to give a prifbribIE thidle@flc ¥85iRTaYéMs made of a tHe oigéﬁihg re@yer is
a thérnosetting

preferred to Qe depositied on top of a second substrate of a
resin, an(ﬂn%@géﬁ'gb !—ﬂPrS@‘E'ﬁ/&'gﬁr Fﬁ%m?'ng@ g ¥deriogive paansofidgleds. The
Isecond sulsuchire th$hé16'm¢uipblesk®\;l1iib(mﬁbb@qﬁng/ithéle&d&oﬁid gémﬁﬁﬁeﬁifécond resin
ayers so irst and second.resin |layers to
realize tﬁgag'fg%gﬁﬁ égﬁ%%g%?%gﬂm\g 3%&/5\%&}'%6?5%??9&%99%eI d layer may be a
copper foil whi chhe dielegite resia layertis prefetroddo cosipniskeay first sesiadayer be
i nt egr at egy, t H'=Ste M i first
and secon?ﬂﬁfﬁﬁgﬁsgciﬁahgg%e re_ss%grr{)l(%g?{)%r%nbtg f#ej pl r%ﬁ%%@li%%i.onle
Furt her, %@%?P&UF’%‘%QS@WW"’% elnethigorgniastigaga whiald ayes iy Hisposed
ext endi ng bebwestythd et bhd Secand ré46 tabrs & dbrlrCE68 Wil a elregit E;ifcg.ﬂ{t%of

e

Co et e by IPobb 5 SE0ERE 15 B e B e e e e
pl ural i t y cotuitlirsarder éo ghieps ratiabichinfnaeedrdetecidnon a top surface of the first
substrate and arfndohdfflayBf § driferflfloid bbfodifst! &h {6 §f a secand

substrate of a thermosetting resin, and be disposed between the first and second

resin layers. The second substrate is heat-pressed together with the first and

second resin layers so as to be integrated with the first and second resin layers

to realize the circuit block.

Alternatively, the shield layer may be a copper foil which is deposited on
the second resin layer so as io be integrated into between the first and second
resin layers when the first and second resin layers are heat-pressed to form the
circuit block.

Further, the circuit block is preferably formed with through-holes
extending through the first and Second resin layers for electrical connection of the
infrared sensor element, the shield layer, and the circuit pattern.

The electronic components may be composed of a plurality of discrete
chips which are mounted on a top surface of the first substrate and are molded
into the dielectric resin layer.
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When the el ectronic conponents are conposed of a plurality of discrete
chi ps nounted on a top surface of the first substrate, and an integrated
circuit chip nounted on a bottom surfacegof the first substrate, it is
preferred that the discrete chips are nolded into the dielectric resin

| ayer, while the integrated circuit chip is exposed outwardly of the
dielectric resin | ayer. When the el ectronic conponents are al

assenbl ed into aWhmﬁiﬂ@Ie@doﬁicr@dmpoﬁéhw,aréh@mp@%@@roatae;ﬂuf&! of gisereaber r ed
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termnal pins.in. a suit manne ase_carries nal

pi ns conpodEyitdhin, theRiegsaipdichir @rwf%rreqﬂ%be malded, {do tiee ﬁ’ifﬂ%tﬂﬁlfﬁsmand a
si gnal outjgyér.term nal pin all extending through the base. At |east one of
the termnal pin ds thro he circuyit block fo trjcal

connect | on wi ¢ h PRALSN 2 APape P sletascs PatbeB Bive o1 the Jetetiof angybe o
nmount t he dimduiteoleck.s efsociralieieck maybe horsnéden isdattoonevithriants evhidh afee

Lerrben oniBaball BopRaRge o 8diBly b tbhfindl bl dadldfd 1hiBloRIAY bRsET! T L7

connecti on tircuit
bl ock i n owhite theospaastis farae lﬂmppeamgﬁéhmrghav igh $lae teyminalgpinaexterain at

| east one gk é&ﬂ/é%?’f’&ﬁrco‘ﬁ%@@i[dn b\ﬁhﬁh@@émd%‘, nsrrﬁfsdtﬁme%traﬂﬁl c.meﬁthHPméafoW nal
pi n, thereg 8rot ect '03% | nf rilqlM sensor el ément fromrecel ving,

undesi red & gé WEr gige %9!9'%9"89 & ﬂ%aow%altpthﬁetqr@vmﬁlrpams i asUBakle

t heref ore raaguet.ng reliable infrared radiation at the infrared sensor

el enent . he .taop._shiel.d configured tp have its |ower . e
enbedded int o thgﬁ?%sgnc oS b Bk el by Bb S Bf)@@"é{‘f?rush'ﬁf’bﬂ/ ile) g
ef fect of pihjzgdunyd wrmina pi,gnd asignal ootpubierminaltpie edilemlndmgltkmlugh

Preferabl sne iRl Otk oifte! ot tfid Rrhih&RbihY ekRMRGHRIAHANENGBtEib e v e

i.e., the clrcuit groun I'on, the
top shi el EleptHrakeannestign ﬁ‘éﬂ”‘déﬁ% el aresfosmedron pofdhadestoesiriayericel d

! ﬁye][ f r orbhiet i |ﬁﬁr§|re|daéréﬁfsoaﬁ%rﬁé|f$t | 15 tHiB RStaes] @Mﬂn@ré @Pth%utrefrmﬁ%IOf
L N R M
resin | ayer so aPBreferdidy,i sntoposhitiedorojeots bheop of thai dirduiitddéclkairdorieeed ri cal |y
i nsul at ed &L QELERPAERANS iARaledrsdtsot Berfibhttih 22165 one of the power
supply terminal pins and the signal output terminal pin, thereby protecting the
infrared sensor element from receiving undesired electrical signal transmitted
through the terminal pins and therefore assuring reliable infrared radiation at the
infrared sensor element.
The top shield may be configured to have its lower end embedded into
the top end of the circuit block to give an improved shield effect of shielding over
a wide range from within the circuit block.
Preferably, the top shield is electrically connected to the shield layer, i.e.,
the circuit ground of the electronic circuit.  In this connection, the top shield
projects in a perpendicular relation to a plane of the shield layer from the shield
layer and has its upper end above a top surface of the first resin layer where the
infrared sensor is mounted.
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The top shield may be formed on an end wall of the first resin |layer so
that it can be easily realized in the formof a deposited |ayer on the end
wal | . FOrther, the he present inyention discloses a unique process
of fabricating the infrared sensor. The process is particularly

advant ageous for fabricating a plurality of the circuit blocks only through
a sinple nmolding and enmbeddi ng techni que. The process utilizes a first

resin sheet, a flTrmttoaldméldc’m&y haveritg tcw.b thveredriith adiusgsd dl’tﬁﬁf@ﬁtﬁefﬂréﬁu't

ounti ng A ByRT S8 b oRL P ER il e SRS R ”Bﬁ@?%&we%)& iRt ns,
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forma coréat t@andie pasily realized trhtherf@rr@uﬁadmnatteddammm and watl ded i nto

the cured second Figsiof thBMR SreSent RoRBGOBRCIABE uﬁayag glrnE@%scé‘PSO' | dat ed

bod drill.ed,t d foll db orned on its
R AN T RS hﬁéa""n?eess?ﬁeé%“rﬁw@rm@gvame@gﬁ.f@m ed 1o
e?ch corr dabnodﬂ;mggamaﬁfydéfhﬁe@irbaiﬂblodk@tdrw fifo n’@ie mlhgragﬁgp hol es.
Af t LN red sensor ele anas 1 or

o et Toar BB AR BRATREE o B8 Brodhs Bl R AL E RSt bl sy

pl urality fofmedmdth plubdlssits obdisbrdiaciragit pateinst aadedsemmsoreshl shestt and

each the Creyldediaiddi dse?}Hé ’st%)s%%ﬁhhﬁ%g QlechonfitdmBLASHS GifBalifof
i ntegratiri etd*@rgpee@f%trwt%mmagkmmtbeéva%trresm sheet@nddbetfirs ocks.

;I'her eaf It ersubshele WlthQHﬂsgbbﬁﬁtk%élﬁ sﬁEéﬂﬁﬁéi‘p@Qe@ t@%ﬁﬁﬁﬁ%d : hrg Egr;{%rﬁ'thé%rﬁf
erminal pins are.inse i
el ectri calo @ﬁsse&?ﬂﬁé@ﬁmﬁ%@ e?‘"f?f)ﬁ‘% f'rﬁT pebsirate e geakprassed circuit .
Al ternat i \zeggthew he fornf a anadoliiEisd body émamictte éleCm?iﬁto%m;?Uhe(ms?r@f f t Pﬁ

t bl t ' . 5. cut 0.a ura o] e
Gireuit prgEedthiche!ctied QBESH AT SR orRe Sbah L8af I e artiots "or (he
present i rpdgolidateditiadylie coled iwfarmaihyeugivhotascand fedlofveld| bmbelggdeﬁmed ption

of the prefifiis b RARMIAPSE dME’iHé a Bh&! s%e%fe'?c& gghed
e gids) I

dr awi ngs. BR| EF DESCRI PTI O\I THE DRA persp |ve VI ew of
an inf (F:]ardi"c'l1 AU ERSPONONGR% P UGGt Rt IrAS b!ftw%/nﬁdbﬁﬁ’émllgbf'h@ﬁé present

i nvent i on;After rhotuntiridan thitered Beasol QI@ﬁﬁbrﬂ%rnSékﬁﬁﬁ $é/t€bf\th@\!&rﬁfs ﬁ)P%lé&‘:’%‘i’é’&

'ng reg{ g(rj %%h%%%ﬁén th':e!reGWItf% t'h% c%n%'c; gélted booayq to a ﬁuratﬂ?y of c;rcwtablocks
each having the infrared sensor element and each the circuit pattern. Thus, a
plurality of circuit blocks can be obtained by a simple molding technique, and yet
at the same time of integrating the electronic components into each of the circuit
blocks. Thereafter, each circuit block is mounted on a base and a plurality of
terminal pins are inserted into the through-holes and the base to make electrical
connections between the terminal pins to the electronic circuit.

Alternatively, the infrared sensor element may be mounted on each of
the circuit blocks after the consolidated body is cut into a plurality of the circuit
blocks.

These and still other advantageous features of the present invention will
become more apparent from the following description of the preferred
embodiments when taken in conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of an infrared detector in accordance with a first
embodiment of the present invention;
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FIG 4 is an expl oded perspective view of a circuit block utilized in the
above infrared detector; FIG 5 is a sectional view of the above circuit
bl ock; FIGS. 6A and 6B are plan views ilkystrating circuit patterns
respectively on the top and bottom faces of a first substrate formng a
part of the above circuit block; FIG 7, conposed of FIGS. 7(A) to 7(E),
are sectional views illustrating process of fabricating the circuit block;

F|| lG ? tcomsm*s af eE{:raﬂedﬁie‘i‘&petﬁ(vtB)VIQW(bthI(lé?)aboa? ?f%‘é}?ﬁ{%ﬁéa‘é? Vi e;NSbl "
illustrati Ii ction a om o e clrcui oc
FIG 9is E@ J‘EFQT %ﬁﬁ'ﬁu%d@%rgmlé}gﬁgﬁboxs igffﬂlﬁ@,&é)f@g’fp f'on of the above circuit
bl ock; FI GFIGO4 usatanproﬂbddmdsmtveomalv ofizegirguit bletk atilizeg! iartheheove
nodi fi catl ? ﬁ]&&ove circuit block; FIG 11 is a sectional view

ar

illustrati n nodi fi cation of the circuit block; FIG 12 is a
per spect i vE |%W apegtienal view of theeabensitir¢uwitblook of the CI rcwt bl ock; FIG

13 is a peFKB’SCGA\é‘ﬁdVGI?Wré)EJIa%WIé\%rllﬁfs%‘étlﬂﬁtc‘ﬂfghgpaﬁrI S Fed @gﬁﬂn&tﬂe

second enbodi me sent I nventi o

per spect i VIOPA eﬁomH@C%gete/@ firsirsubstrateifaraing a:part of thf@b%/eapl%k&tbbﬁal
view of t hEI@bD\tﬁ)mmisfeﬁtﬁd:I% anplto 768 afd Sectidhal vwmagtrﬂngfﬁ%es@( A)

to 16(E), Bbs al .v lustrating the fabrication of e circuit
bl ock ut | 1 S RRREMG H a‘BEﬁVi‘V@ﬂ‘F‘f ‘ared detector. BEST MODE FOR CARRYI NG OUT
THE | NVENTFIGN 8, composelaedfd?laﬁh@(AhvB(B()) aRbdGEC), laﬁeméa‘spédétﬁfeeviéﬁis?lhmﬁfatm@

I nfrared o odi ment of the present
i nvent i on%%ﬁ&eéﬁlfggéinéiﬁg?g%ﬁ@%ﬁ fqr}g& rkgﬁhéq%gom ne a presence of an
obj ect or hiarehistbagctional viemyilustrating arrﬁﬂdlfla@ﬁlfa’t pblhe abave mrﬂuﬁdﬂsclc;l rcuit
bl ock 10 Clat'G‘ YO8 &h & 66@(‘1 sé&ﬁdt@l%ﬁﬁl&%ﬁéﬁﬁé afBiHer HSuiRESiGh &f Had

pr ocessi ng circuit 2@ I's configured to recelve a sensor output from
t he sensor@R\Egiuit] QC'fo anal yze the ampunt of the infrared radiation
recei ved afiG.he B@Sthlaabemmllm@tratdﬁj g fuithat rnedifiehtibmer teesirdifienieti;t he

obj ect .. rovi d e electric current

i nJ t he orgﬂ gtélg g‘?éﬁgg o‘zﬁ@e@ﬁ%&"ﬁmﬁir@}? |n§°‘§ﬁ%‘%|°ﬂ ‘gﬂhﬁﬁ’gﬁﬁ ‘times in
t he si gnalFifr.d&8dssi perspective viepod aninjiaved detentomintacsogtarice with aatdcondof
the presengfpedinidi o‘?lﬂhé‘EFe gﬁlf'ﬁw%'nﬂaﬁ] processing circuit 200 is realized

by el ectronl Cc conmponents wh in FIG 3, includes a

current - vdliGadé @&ﬁ'\/@f@?w perspectivevew of theahavednbarast detestarensor out put

into a FIG. 15 is a sectional view of the above infrared detector; and
FIG. 16, composed of FIGS. 16{(A) to 16(E), are sectional views illustrating the
fabrication of the circuit block utilized in the above infrared detector.

BEST MODE FOR CARRYING QUT THE INVENTION

Referring now to FIGS. 1 to 3, there is shown an infrared detector unit in
accordance with a first embodiment of the present invention. The infrared
detector is designed to determine a presence of an object or human body
emitting an infrared radiation, and includes circuit block 10 carrying a thermal
infrared sensor element 100 and a signal processing circuit 200 which is
configured to receive a sensor output from the sensor element 100 to analyze the
amount of the infrared radiation received at the sensor element for determination
of the presence of the object. The infrared sensor element 100 provides a
minute electric current in the order of several picoamperes, which is amplified
about 4000 times in the signal processing circuit 200 to give an output signal
indicative of the presence of the object. The signal processing circuit 200 is
realized by electronic components and, as shown in FIG. 3, includes a
current-voltage conversion circuit 202 for conversion of the sensor output into a
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-6- correspondi ng vol tage, a band-pass anplifier 204 which anplifies the
voltage within a predeterm ned frequency range, and a w ndow conparator 206
whi ch conpares the anplified voltage witlg_a predeternined threshold to give
the output signal. The thermal infrared sensor elenent 100 is nmade of a
metal such as titaniumnitride which gives a varying electric resistance in
proportion to the amount or intensity of the incident infrared radiation.

:[Ars] s hovvnt |h coffeSpodding veltagér @bagdqﬁse(érﬁphf@fmw ﬁﬁ@h%rhﬁiﬁ%s&ﬂ@ \@Haaer ting
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respecti vePy %Iﬂwa %4 epiiegiing thatnfeared radiadion tosheiseosomelemsntdopi cal | y
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shown in F| q r§ﬁ to establish the si
t her ewi t h. SHPRITE ?P@t psliglgetac qréﬂ"ﬂﬁ%@%‘? ”E% regia |41 andiaof t he
secondI ressecdrmymlm&yw 40, whighdiradntegeatetiiime 22onsdiidiated Ql‘r@cthﬂ?tosﬁéoﬂd
resin |aye
first re)sll AT %%'?aﬁw hg &%ﬁk@l n IqEFSEgHEgra\%ﬁlsgoF@ggggt@@r%q ch defines
on its perpPgiring oshwhichdhe ieéeationic Gmppeneretseardsnomntetidoseamtm sigmait  100.
The first

e firs ﬁl%%b&fh %uﬁgobsl gjle ﬁ@s@ﬁge% ertnorthé("b%er&trbﬁ %lﬁﬁ%@érgg nsor

portions including the shou connection W

el ement 1087 €LONARPFeA! %Hléif@#'tg&iﬂlﬁﬁr@@é&%g2éml¢nded aroopef thedirsti r st

substrat e SUbstrbe 208886 &naﬂte@&étbﬁeﬁrcaﬁ cA g 24 ]?:}n:edmé i the mﬁﬁ of fHeer af”

th [ I I

o ocoasi gtk 28,058 AR REindise e st Siib§tarS2d EfimeH SBdtsLiop aritbr eby

assuring rhoticibirespertivalyesithi theecitéuiinpdtieras @6cand B8 wideti agesiecaiceglyat the
| ect t d

between t 1T IORRRPHI the isorete chins 28'AR8 Y InBHPREN BBy dnipad eﬂﬁﬂ"\f?fi

formed on NG FARDHER, mwe%nablwtamSIgaahwrpca3$rsg@unumeoedhma\mm he

circuit patheéfirs s@ﬁst@él@ zwlstlme@%tbﬂ%%e? idvieH dndbPiRS Rbontie s IE{?%O%O

Phe si gnal W BECUSRiR chife.4 MRl i e ereacy e BYE0 4R seuihee | ve

coupl i ng hisowssedtiheletaif nereéthfieensor el enent and the signal processing

circuit 200. The first resin layer 30 is formed in its center with a recess 32 which
defines on its periphery shoulder bearing opposite ends of the sensor element
100. The first resin layer 30 is also formed on its top with lands 34 at portions
including the shoulder for electrical connection with the sensor element 100 as
well as the signal processing circuit 200 on the first substrate 20. The recess 32
defines an air gap which is responsible for thermally isolating the sensor element
100 effectively from the signal processing circuit 200 at the lower end of the |
circuit block 10, thereby assuring reliable infrared detection free from the heat
generated at the electronic components.
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Thus, the infrared sensor 100 is well protected fromnoise or leak fromthe
signal processing circuit 200 for reliable infrared detection. The second
substrate 50 is assenbled together with_the first resin layer 30, the
second resin layer 40, and the first substrate 20 to formthe consolidated
structure. The shield layer 52 is additionally formed with top shields 54
whi ch project upwardly through the first resin layer 30 for shielding the
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30. The organic filler is mxed in the epoxy resin, preferably in a high
proporti omewbffpcexanpl e, in an anmount of 85 wt%to give toughness and
sufficient tensile strength to the resulting cured |ayers. Then, a
drilling is nade to give a plurality of through-holes 12, 14 and 16
extending vertically through the consolidated body, as shown in FIG 7(C).
Subsequently the consolldated body |s dep05|ted on |ts top and botton1face



-9- infrared sensor elenments 100 are nounted on the first resin layer 30 in
such a manner that each sensor el enent bridges over the correspondi ng
recess 32 and is secured at its oppositegends to the lands 34 on the

peri phery of the recess. Thus obtained consolidated body is then cut into a
plurality of the circuit blocks 10 each of which is subsequently nounted on
the base 300 with the termnal pins 302, 304 and 306 extendi ng through the
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first resin layer 30, as shown in FIG. 7(B). In this molding process, the recesses
32 are formed in the first resin layer 30. The organic filler is mixed in the epoxy
resin, preferably in a high proportion, for example, in an amount of 85 wt% to give
foughness and sufficient tensile strength to the resulting cured layers.
Then, a drilling is made to give a plurality of through-holes 12, 14 and 16
extending vertically through the consolidated body, as shown in FIG. 7(C).
Subsequently, the consolidated body is deposited on its top and bottom face
respectively with conductive layers of copper, for example, which are
subsequently eiched to give the lands 34 on top of the first resin layer 30 and the
circuit patterns 28 on the bottom of the first substrate 20, as shown in FIG. 7(D).
In this process, the through-holes 12, 14, 16 are plated to make electrical
interconnection between the lands and the circuit patterns on the first substrate
20. Thereafter, the integrated circuit chips 24 are attached on each of the circuit
patterns 28 by a so-called flip-chip mounting, as shown in FIG. 7(E), and the
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-10- order to elimnate the capacitive coupling between the infrared sensor
el emrent 100 and the termnal pin leading to the signal processing circuit
200. The bevel ed shield 18 may be added.gnly to one or both of the

t hr ough- hol es 12 and 14 respectively receiving the power supply term nal
pin 302 and the signal output term nal pin 304. FIGS. 13 to 15
illustrate an infrared detector in accordance with a second enbodi nent of
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be suitably conbined mnth the processes explained with reference to FIGS.
7(A) to 7(ENed1gpcirabricate the circuit block of the first enbodi ment or the
second enbodi nent. Al t hough the above enbodi nents show t he use of
the infrared sensor el enent which exhibits an electrical resistance varying
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CLAIMS: 1. An infrared detector conprising: a circuit block (10) carrying
an infrared sensor element (100) and electronic conmponents (22, 24); and a
case (300, 310) enclosing said circuit bygpck, said circuit block conprising
a dielectric resin layer (30, 40) and a first substrate (20) forned with a
circuit pattern (26) and nounting said electronic conponents, said
dielectric resin layer being forned in its top with a recess (32) which
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| ayer (30) fornmed with said recess, and a second resin |ayer (40) enbeddi ng
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said ther nte-wtlveig at melnupper ends to correspondmg lands formed on the bottom of
the circuit block 10, and that the integrated circuit chip 24 is molded in the second
resin layer 40. Like parts are designated by like reference numerals and
duplicated explanations are not made herein.  The integrated circuit chip 24 is
fiip-mounted on the first substrate 30 and is molded into the second resin layer
40 at the time of mold-forming the first resin layer 30 and the second resin layer
40 while integrating the first substrate 20 and the second substrate 50 into the
resulting consolidated structure. The discrete chips 22 are mounted on the
bottom of the first substrate 20 or the botiom of the consolidated structure. The
bottom of the first substrate 20 is formed with the lands 27 (only two of which is
seen in FIG. 15) which are soldered to the upper ends of the respective terminal
pins 302, 304 and 306 at the time of mounting the circuit block 10 on the base
300. The discrete chips 22 are held within a cavity of the spacer 60 to be
spaced from the upper end of the base 300. The spacer 60 is formed in its
outer periphery with notches 63 through which the terminal pin extends in such a
manner as to be capable of being viewed for inspection. In this embodiment,
since the top of the circuit block 10 is free from any electrical connection to the
terminal pins, no top shields as utilized in the first embodiment is necessary.
When the electronic components forming the signal processing circuit 200 can be
all realized by the integrated circuit chip 24 to be molded into the circuit block 10,
the first substrate 20 is formed with a circuit pattern only on its top and is formed
on its bottom only with the lands 27 for connection with the terminal pins.

FIGS. 16(A) to 16(E) illustrate the steps of forming the circuit block
without using the second substrate 50 but with the use of the shield layer 52 in
the form of a foil.  First, the shield layer 52 is laminated over the first substrate
20 mounting the integrated chip 24 together with a plurality of resin sheets 43
each in the form of the prepreg to give a stack, as shown in FIG. 16(A}). The
stack is placed in a molding die and is heat-pressed in a like manner as
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3. The infrared detector as set forth in claim1l, wherein said shield |ayer
I s deposited on top of a second substrate (50) nmade of a thernosetting
resin. 4. The infrared detector as set fprth in claim3, wherein said
second substrate is made of a thernosetting resin and is di sposed between
said first and second resin |layers, said second substrate being
heat - pressed -13- together with said first and second resin |ayers so as
to be i nt egxplagwkdwith referended tosthedinst embodiherddo yivey eemitoonsekddted sai d

a0 shi ol BOKnEmnTRRRETESH SodlS b ek 8imaRediha cAfddil Atk TebondBEYEL T,
| ayer. 6. Mayer ﬂﬁfafab@dﬂlﬂgtﬂé@lem ’fr@mmrafaﬂtthip i24, ab showh, inufier dB(B)sai d

copper Tl i, AQSHBIN 4 Fia! q*sgc@ca%pg%?m 3gxanfislelibyeiggr ated 1 nto

bet ween said fir st an second Sin ers irst and second resin

| ayers ar eS¢BhFORpRsiaded bady ¥ith %altmalﬂvpé@ﬂﬂft@natwan sheets 33 interposed
therebetween. The resulting stack is again heat-pressed to melt and cure the

additional resin sheets 33 to obtain a consolidated body in which the additional
sheets 33 are cured to give the first resin layer 30 by means of which the copper
foil 39 is secured to the semi-consolidated body. Subsequenily, the
consolidated body or the circuit block 10 is drilled to provide through-holes 12, as
shown in FIG. 16(D). Thereafter, the copper foil 39 is etched out to give lands
34 on top of the circuit block 10 for electrical connection with the infrared sensor
element 100, while the first substrate 30 is formed on its bottom with a circuit
pattern on which the discrete chips 22 are mounted, as show in FIG. 16(E). The
through-holes 12 are plated to establish electrical interconnection between the
infrared sensor element 100 and the signal processing circuit realized by the
chips 22 and 24 at the bottom of the circuit block 10. Thus obtained circuit block
10 is mounted on the base 300 and is surrounded by the cap 310 to give the
infrared detector. It is noted in this connection that the processes as explained
with reference to FIGS. 16(A) to 16(E) can be suitably combined with the
processes explained with reference to FIGS. T(A) to 7(E) to fabricate the circuit
block of the first embodiment or the second embodiment.

Although the above embodiments show the use of the infrared sensor
element which exhibits an electrical resistance varying in response to the amount
or changing rate of the amount of the incident radiation, it is equally possible to
utilize an infrared sensor of a type exhibiting a varying permittivity, of a
thermopile type generating a thermal electromotive force, or of a pyroelectric type
generating a voltage difference in response to the change rate of the amount of
the infrared radiation.
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7. The infrared detector as set forth in claiml1l, wherein said infrared
sensor elenent, said shield [ayer, and said circuit pattern are

el ectrically interconnected by way of through-holes (12, 14, 16)
respectively extending through said first and second resin |ayers. 8. The
infrared detector as set forth in clailth1, wherein said electronic

conponents are conposed of a plurality of discrete chips (22) which are
nounted on a top surface of said first substrate and are enbedded into said

dielectrig Ajggd-n layer. 9. The infrared detector as set forth in claiml,
wherein said el ectronic conponents are conposed of a plurality of discrete
chips (22) nounted on a top surface of said first substrate, and an

i nt egr at ddAsiinraied dgiepio( eampnsingt ed on a bottom surface of said first

substrat @, ci@iit bickC (B eciRfiRe Peimera® dedor Hiomaad gébgebﬁ&zﬁé&r mein
| ayer, aggmijgbg {rvgzi?&t)t;%gdm rcuit chip being exposed outwardly of said
di el ectri PAY \&gef . The infrared detector as set forth in claim1l,
wher ei n @diagedPee: 3 thiencasifsberid circuit Blogksenbl ed into an integrated circuit
chi p whi shidi arouitl leck tovnprisiagth dietdded Fdsin (B8 130,23®rand a¥dst substrate
(20} formed with a circuit pattern (26) and mounting said electronic components,
said dielectric resin layer being formed in its top with a recess (32) which defines
around its periphery a shoulder for supporting opposite ends of said infrared
sensor element, said recess defining a heat insulation space below said infrared
sensor element,
said first substrate is integrated to the lower end of said dielectric resin layer with
at least one of said electronic components being molded into said dieleciric resin
layer below said recess to make said circuit block of a unified mold structure,
characterized in that
said dielectric resin layer comprises a first resin layer (30) formed with said
recess, and a second resin layer (40} embedding said at least one of the
electronic components (22, 24) therein,
a shield layer (52) being disposed between said first and second resin layers for
connection with a circuit ground of said circuit pattern.

2. The infrared detector as set forth in claim 1, wherein
said dielectric resin layer is made of a thermo-sefting resin and an inorganic filler
intermingled with said thermo-setting resin.

3. The infrared detector as set forth in claim 1, wherein
said shield layer is deposited on top of a second substrate (50) made of a
thermosetting resin.

4. The infrared detector as set forth in claim 3, wherein
said second subsirate is made of a thermosetting resin and is disposed between
said first and second resin layers, said second substrate being heat-pressed



11. The infrared detector as set forth in claim1, wherein said case
conpri ses a base (300) and a cap (310) fitted on said base, a spacer (60)
bei ng i nterposed between said base and said circuit block, said circuit

bl ock being fornmed on its botton1mntq | ands (12) which are electrically
connected respectively to term nal 'R (302, 304, 306) extending through
sai d base, said spacer being forned mnth openi ngs t hrough mhlch sai d
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base (300)fieshand segondIes)n ket realizaisdicaiseit blach. base carrying a povver
supply termnal pin(302), a ground termnal pin (306), and a signal out put

termnal pin (304) all extending through said base, at |east one of said
term nal pins extending through said circuit block for electrical
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| ayer to nouy nsor elenent. 13. The jnfrared detector as
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circuit block to electrically shield said infrared sensor el enent from at
| east one of said power supply term nal pins and said signal output
term nal pin.
6. The infrared detector as set forth in claim 5, wherein

said copper foil is formed on said second resin !ayef and is integrated into
between said first and second resin layers when said first and second resin
layers are heat-pressed to form said circuit block.

7. The infrared detector as set forth in claim 1, wherein

said infrared sensor element, said shield layer, and said circuit pattern are
electrically interconnected by way of through-holes (12, 14, 16) respectively
extending through said first and second resin fayers.

8. The infrared detector as set forth in claim 1, wherein

said electronic components are composed of a plurality of discrete chips (22)
which are mounted on a top surface of said first substrate and are embedded into
said dielectric resin layer.

9. The infrared detector as set forth'in claim 1, wherein

said electronic components are composed of a plurality of discrete chips (22)
mounted on a top surface of said first substrate, and an integrated circuit chip
(24) mounted on a bottom surface of said first substrate, said discrete chips
being molded into said dielectric resin layer, and:said integrated circuit chip being
exposed outwardly of said dielectric resin layer.

10. The infrared detector as set forth in claim 1, wherein
said electronic components are assembled into an integrated circuit chip which is
molded into said dielectric resin layer.



14. The infrared detector as set forth in claim 13, wherein said top shield
has its | ower end enbedded into top end of said circuit block. 15. The
infrared detector as set forth in claim13, wherein said top shield is

electrically connected to said shiel d14l ayer. 16. The infrared detector as

set forth in claim13, wherein -15- said top shield projects in a
perpendi cul ar relation to a plane of said shield | ayer fromsaid shield

| ayer and has its upper end above a top surface of said first resin |ayer
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circuit papassns (26);

said spacer being formed with openings through which said terminal pins extend
respectively for connection with said lands..

12. The infrared detector as set forth in claim 1, wherein

said case comprises a base (300) and a cap (310) fitted on said base, said base
carrying a power supply terminal pin(302), a ground terminal pin (306), and a !
signal output terminal pin (304) all extending through said base, -

at least one of said terminal pins extending through said circuit block for electrical
connection with lands (12) which are formed on top of said first resin layer to
mount said infrared sensor element,

13.. The infrared detector as set forth in claim 12, wherein

a top shield (54) projects on top of said circuit block to electrically shield said
infrared sensor element from at least one of said power supply terminal pins and
said signal output terminal pin.

14. The infrared detector as set forth in claim 13, wherein
sald top shield has its lower end embedded into top end of said circuit block.

15. The infrared detector as set forth in claim 13, wherein
said top shield is electrically connected to said shield layer.

18. The infrared detector as set forth in claim 13, wherein



nmounting el ectronic conponents (22) on each of said discrete circuit
patterns (26); stacking said first resin sheet (33) and said first
substrate (20) with a second resin sheet (43) interposed therebetween, and
with a shield layer (52) interposed between said first resin sheet (33) and
said second resin sheet (43), said stirel d | ayer (52) being connected to a
circuit ground of said circuit patterns (26); heat-pressing said first
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into curedfrem saidestield layer and hasits Upperiend abfoveus o sUdacé b2 salthiirst 69sinn
sai d consoiaggggg\%_rgi%%qd ir&&rrga %@nQEFfS%Haﬁtteﬁ. of lands (34) on top of said

consol i dat e ; erconnecti ng each set of said |lands to each
correspondi ng one of said circuit patterns by way of said through-holes;
nmounting an infrared sensor elenent (100) on each set of said | ands for
el ectrical conpection therewith; cutting said consolidated body into a

plurality &f ciThgdinframddetectoras seidarthan clamebbmvizRiein circuit pattern;
mount i ng” egsil t9h shdIE HelsliRioh GUVeRES With @blRRR! $G8BhiofAK first resin layer.

18. The infrared detector as set forth in claim 13, wherein
said top shield is formed on an end wall of said first resin layer.

- 19. A process of fabricating an infrared detector, said process comprising the
steps of: '
preparing a first resin sheet (33); ’
preparing a first substrate (20) formed with a plurality of discrete circuit patterns
(6); | |
mounting electronic components (22) on each of said discrete circuit patterns
(26); _
stacking said first resin sheet (33) and said first substrate (20) with a second
resin sheet (43) interposed therebetween, and with a shield layer (52)
interposed between said first resin sheet (33) and said second resin sheet (43),
. said shield layer (562} 'being connected to a circuit ground of said circuit patterns
(26); ' ' |
heat-pressing said first resin sheet, said second resin sheet, and said first
substrate together to form a consolidated body in which said electronic
components are molded into cured said second resin layer;
forming through-holes (12, 14, 16) in said consolidated body; N
forming plural sets of lands (34) on top of said consolidated body;
interconnecting each set of said lands to each corresponding one of said circuit
patterns by way of said through-holes;
mounting an infrared sensor element (100) on each set of said lands for
electrical connection therewith;
cutting said consolidated body into a plurality of circuit blocks (10) each having
" each said circuit pattern; .
mounting each of said circtit blocks on a base (300); and



-16- inserting a plurality of termnal pins (302, 304, 306) respectively
into said through-holes to nake el ectrical connections between said
terminal pins to said electronic circuit; and nounting each said infrared
sensor el ement on each set of said | apds before or after cutting said
consol i dated body. 20. A process as set forth in claim19, wherein each
said infrared sensor is nounted on each set of said |lands before cutting
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pattern, eacly:sadl é%rg fte%efﬁi is mounted on each set of sai ands on
tri

sai d each citcuit cal connection therebetween.
mounting each said infrared sensor element on each set of said lands before or

after cutting said consolidated body.

20. A process as set forth in claim 19, wherein
each said infrared sensor is mounted on each set of said lands before cutting
said consolidated body to make electrical connections therebetween.

21. Aprocess as set forth in claim 19, wherein

after said consolidated body is cut into a plurality of said circuit blocks each
having -said circuit pattern, each said infrared sensor is mounted on each set of
said lands on said each circuit block for electrical connection therebetween.



