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3 April 2007 BOLOVETRI C | NFRARED SENSOR HAVI NG
TWO- LAYER STRUCTURE AND METHOD FOR MANUFACTURI NG THE
SAPE Technical Field 5 The present disclosure
relates to bolonetric infrared sensors havi ng<axt.we
| ayer structure and nethods for nanufacturing§F%§‘:;Z@®7
sane and, nore particularly, to bolonetric infrared
sensg

S EQAR TRATURFPRATIG JIRUSOES NN WAL AYER

[ -v mapsorptron ratre by d. Spectroscoplc

R SRR o ROk NA I PA LGRS AY THI SYERE

a

T pricct paeT TC1 ||9 cav ry, daliud 1U
preventing the defornation of the sensor caused by
vari Ious stresses due to heat by neans of 1) making a
pi xel symmetric against a diagonal line thereof; 2
Te&bﬁiﬁﬁhﬁglﬁﬂsandw c% structure ign an )
absorption-transm ssion |layer having a cutting area,
and B)e pekéemgliscl bukd evlateajebolpmetiminggred sinppigdving a two-
nitride layer. 15 Background Art There are two
lagenenalireat@geries fof nianffatethestbasoms agHemeimpirtienlarly, to
referred to as "1R sensor"), namely, a cooled type

bol i SeRSAfraRAdeAfbrY Bnd @Rhathctithe hRhodetsosof fFhe
cool ed type IR sensor detects electric signals

gen efn?}%rggirx% an 'nagts i achi Qns phel wee RBGIiONEs for resonantly

[ nf:rad 2 ectrons of anh object. The un 20
cool ed. e n . -
abe%r%ergat wi%raﬁ%df reagt%ﬁo:é%7%2%%?%?1?95?%@@2{@3% b8t AR ne
obj ect, Tk [ '
sem BHaREL e BV EREOR B U eSS HoRLRE LGSy due o

qui ck respaonse tinme. There are, however, sever
heshby tasH# %@sl)i RaKIRG Ad 8¢ ey ) pE 1382 LIS hd é}a.gorg-%lreﬂl% thereof; 2)
exanple, liquid nitrogen tenperature, -193 , is )
foregu 7 sthdvaclastriaiateentierbsowlion- E3nsausRpEysehgapg a cutting
The un-cooled IR sensor has a relatively | ow
arpgrahdriyamdeng bbufleayoperchtdeng 4 silicon nitride layer.

Backeround Art

There are two general categories of infrared sensors (hereinafter referred
to as “IR sensor”), namely, a cooled type IR sensor and an un-cooled type IR
sensor. The cooled type IR sensor detects electric signals generated by
interactions between photons of infrared ray and electrons of an object. The un-
cooled type IR sensor operates by detecting thermal variation created by the
infrared absorbed in the object. The cooled type IR sensor mainly comprises
semiconductor devices and provides low noises and a quick response time. There
are, however, several shortcomings in the cooled type IR sensor. For example,
liquid nitrogen temperature, -193 , is required to activate the cooled type IR

sensor. The un-cooled IR sensor has a relatively low performance, but can operate
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3 April 2007 in a normal tenperature. Thus, he

cooled IR sensor requiring a cooling process is

Ealgly Esed in a nmunitions industry. On the other

and, the un-cooled IR sensor is mainly prod :
civilian purpose. The ice-cooled type iR sens?fg%§ﬁP2%%7
again divided into a boloneter type, a 5

in LNELAREQUD] L, 4 yP ?ﬁlﬁ%&ﬂ@ BoQ¥H PR eLRCE b &ty P @ cobhBg process is
pyro-el ectric type '

sensor has hig detfecti vi y

but | ow .product.i vi t.y, I t h
m?)‘?bo‘-‘%ﬁg@t‘; PR st BRI s Rl Ris yrscogled R sensor
. type and.t t her nocoupl e type IR sensors have a
BFQ%%%%W%@VﬁgéQEWV EWé%E?Wﬁty than that of the
gyro-electric type IR sensor, hut_ hij . productivit
can bke aeHicolediwy Haptisat turEHy 41?4@%5 F%n&eﬁicﬁ%meter Yype, a
together with 10 detection circuits on a single
thsinkdcoopleviaperandmopplor¢lpitoc ttypse )L heThepelesias DE6tIR tamgor has
bol ometer type and the thernocouple type IR sensors
higieefetdcheitgi ditl foan poetmndiy. [iTkentoit drether pippdedtie type IR
sensor detects infrared ray by absorbing infrared ray

schadi 8bedie Babakt@biypetandcorvdeimogiphe tylestit sedsors have a
infrared into thermal energy causing tenperature

reiaﬁ%&ﬁ@?égr %g%c{i{gﬁ‘f W@t BEtHeas)81cdeee vigdel I s@Ror, but high

gene such thermal variations, Pig. 1

il ustrates - | ev A :

it dFARSET 2o BBl PARETRLIE G B PERly Fagegther with
as "thermal sensor,'. .Referring to si o L

Aot on e i Vel ap-igfil: pheyifgetore, both the
rai sed upper layer 11 and a L r |ayer . The. | oyer

balggieier WS 1] edhetoRnE BNk CORUL et Sifgy Rt iands.
sych as a silicon substrate. the surface of the .

Tisi bobonetepOyrsubt vease Helscisendiogrd evmpanehiosbige iafrared ray
integrated circuit including diodes, x and y bus

rablianes froconnedtjtanspnantng dht abtohadsnfrradnateibestal energy
the x bus lines. The raised upper |ayer 11 includes

castnlgrtetnpsiahire Qfcrhdel hatenleayaing the belisiamtcevarlatipergenarated by

second
such thermal variations.

Fig. 1 illustrates a two-level bolometric IR sensor as disclosed in U.S.
Patent No. 5,300,915 referred to as “thermal sensor”.

Referring to Fig. 1, the two-level bolometric IR sensor 10 comprises a
raised upper layer 11 and a lower layer 12. The lower layer has a flat surface
semiconductor substrate such as a silicon substrate. The surface of the silicon
substrate has several components of an integrated circuit including diodes, x and
y bus lines, connections, and contact pads at the end of the x bus lines. The raised
upper layer 11 includes a first silicon nitride layer, a bolometer layer, a second

silicon nitride layer therebetween, and an IR absorbing layer over the second

nitride layer. The two layers 11 and 12 are separated by a cavity.
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silicon nitride | ayer therebetween, and an IR

absorbing | ayer over the second 25 nitride |ayer.

The two | ayers 11 and 12 are separated by a cavity. 2

3 April 2007 In the above=. -nentioned prior KRABril 2007
sensor, a nunber of problens exist, For exanple,p%

pl ural of supporting parts are placed on the raised

uppey, hayen. . bherehyq gﬁ%g (RashNg ARuBhkl b pAfieant ekist. For
absor bi ng the i nfrare ray. therefore, a maxinmm

oo o ARSI AL L RE B39 B b ooy

Patent No. 10-299643, U.S. Pat .. 65441, 374,
d@g@g@fﬂg’a&ineﬁ%ﬁfmm%, Ot sETg L i taued g o™ e rfhoum
abricating _nethods thereof f [ [
areseipsiabsrbing A IFIPS 1aganobe %%rgé’réqﬁggvg Inggr, such as

a bolonetric sensor with three | ayers, a nethad for
nmanuKactanrfatent N ol0e o c Kosemstnenii Y iy k%?%%éf%3a%§-s?atent
a bolonmetric sensor with three layers including a

No.rd, 441,84, HodrieS| Satchvdlol ayldB, S Sartiscoteh@ sralsonsyppd fabricating
infrared ray detector with a thernal separation

mSthb8ECTHe eI _fbﬁﬁ%ﬁ‘@bin\g@eﬁsitimwné ifill fantot loé an IR sensor, such as a
above-nentioned prior art, electrical and structural

bo@%ﬁ@@fct L&SoPlvitn{iras e8les€Ns HeSh@ osRAufR IR BV]laRctric
absorption rate, Thus,” in conparison to IR sensors

sefes! "&gg)rggﬁnggrsog bRIGiR&RE 391?&9 Rl APRY1935R.in&HERAg a infrared

prior nsors provide only a relatively | ow

bsorption rate. In,addi.tion,,.i i :
BRRBRE T SOEDR 4D PR i
nmet hods, an upper part absorbing an infrared ray is
SURISIERJCFRGHY SN bot t om part (i.e., cavity is for rreé),

thereby resulting in the deformation of . the e
par t Hofvevhie 1R Ueerider - MASOn et &l Py, aﬁi?%‘t‘fﬂﬁgﬁ pgructural

characteristics of the IR sensor. 20 To sol ve such
prppabice ms, infexsdr @inses| art iwnd thavereeean pPevipted.rarer hus, in

exanpl e, in Korean Publication No. 2000-46515, an IR
cosgNEROn W TR sthicee dbaymsdsbdssd on a spectroscopic approach, such prior
IR sensors provide only a relatively low absorption rate. In addition, in the
infrared ray absorbing bolometer according to the prior art methods, an upper part
absorbing an infrared ray is raised from an bottom part(i.e., cavity is formed),
thereby resulting in the deformation of the upper part of the IR sensor,
detrimentally affecting the characteristics of the IR sensor.

To solve such problems, several solutions have been provided. For
example, in Korean Publication No. 2000-46515, an IR sensor with three layers 1is
disclosed which comprises a silicon oxy-nitride layer both on and under a silicon
oxide layer again enclosing a bolometer layer to prevent the deformation of the IR

sensor caused by reactions between vapors in the air and the silicon oxide layer.

In Korean Publication No. 2000-04158, an bolometric IR sensor is disclosed
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di scl osed which conprises a silicon oxy-nitride |ayer
both on and under a silicon oxide |ayer again
gn?I05|ng a holorneter layer to prevent the
eformation of the IR sensor caused by reacti :
bet ween vapors in the air and the silicon oxié%ﬁinﬁgz@@7
| ayer. 25 In Korean Publication No. 2000-04158, an
wikeh QEBLsEs hRAGASEL: RS slis8€1:08186losedl FhAM bdmBgOE a driving
Qg!Ch conprises a bolonetric IR sensor is disclosed
iC . Vi i .
" 1y SR EPEE 585 el it R (B SUPRRLEDBing layer.
ayer. I.n spite of such sol ut.io 1 F .S
e ort Stidr tai od R AiGR s § REEGATH! Shofttithes. n
processes are required to formthe sil.icon o
degadl; 2qttiang plr%?ﬁ%ﬂgs AT TR AP ?5%3?%%%5}08‘? Ofgpide layer and
still cause the deformation of the upper part. | ..
heatidinsteash of vhROT o ireseienths fdef pranasEke Inige| HypeF Piftsh addition,
requi res additional processes and reduces an IR
thalisandiiongo fathe dacbng dhps ule whuirpy edditional ggocesses and reduces
Accordingly, the present invention is directed to a
and® ghettihg atdaf rared sensor having a two |ayer
structure and a nethod for manufacturing the sane
that obviates one or nore problenms due to
limtations and di sadvantages of the related art. A
DR B . LRIeALRf the present invention is to provide
~—a DOt OTE —715 infrared sensor having a two-|ayer

structure.and h i : ' :
capa cgorgfngq%p?xgv ﬁaé)ngnmg %tgﬂﬁ’g | gﬁﬁ%{g{i ggb%/ I%glorﬁ@t% infrared
spectroscopi c,desi gn for esonan absor bin
SeRRTFOTE F Ry [DeEoaH Ryt LB (O b A ifgme tha
caused by stresses due to_ heat by form a buffer
olvagtes omhel BISTE FTOPIFES flkfeloshinHaE RSk 15%55%8%?3 Q%&?J elated
achi eve these objects and ether advantages and in
araccordance with the

A primary object of the present invention is to provide a bolometric
infrared sensor having a two-layer structure and a method for manufacturing the
same capable of improving an absorption rate by a spectroscopic design for
resonantly absorbing infrared ray, preventing the deformation of a sensor caused
by stresses due to heat by forming a buffer layer and optimizing the structure of
pixels.

To achieve these objects and other advantages and in accordance with the
purpose of the invention, as embodied and broadly described herein, the present
invention provides an infrared sensor including a Read Out IC (hereinafter
referred to as “ROIC”) substrate and several pixels, comprising: a first buffer
layer on the ROIC substrate; a bottom layer including a reflective metal layer on

the first buffer layer; a cavity for resonantly absorbing infrared ray over the
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purpose of the invention, as embodied and broadly

descri bed herein, the present invention provides an
infrared sensor including a Read Qut 1C (hereinafter
referred to as "ROTC') substrate and severa

conprising: a first buffer Jlaver on the ROIC ﬁ%ﬁ%§29@7
substrate a bottomlayer including a reflective

(ﬂ&) je?‘ygr'{ ﬁ@eé%g&hgmfddﬁ% F%{ Blsul &Y.l ay@ &V%Y“Pé’ f‘amty

sonant InNg |1 rare ray over t he

AT ey B e

ffer layer o e f| i ns
gqralwea AR ey insicine [ Rne ol s ks afthan ghagygtion-

i nsul ating |ayer on the bolonctcr | ayer an

55 0sPeR lﬂ%’ﬁf 0%: tamsrerad il atigdpydn atl% a dﬁg including more
insulating layer; and a unit pixel including more 5

thahampaa qfainchab oartbh 8138 Conibs tiate ROLTPoaLste e appe layer.
supporting the upper layer. In addition, another
objigcidditforaclhbgeedbipet an atinbrat gl mendoned H@tsudlln@uémg an
RO C substrate and several plxels conprising: a

Q@@t Qskavetnd nelvughl ngixals, cefdpestigyea Mett@in llayer imehuding a
the RO C substrate; a cavity for resonantly absorbing

reﬁ%fztﬁ\% Gl idl air}%léfv&ﬁ R A0t LARLRY 8 62V WPR8SoraAN ra‘t:rsorbmg

tric structure 10 agai nst a di agonal
m:frlgge Pa]é/l é\ 2 QtRé % rt gﬁ \%%)%pcf%)ﬁer%gn% Pl AERLRE structure

absor pt.i on-tr.ans ss|on | a first a Q
GaRaah G UP TARCH B0 10 FRE o EPEENAR g et
at the ends of the pixel, wherein the econ h
bgthrest i2ef Weért@@bme%gﬁﬁ%ee&nt%yrfe §shee g5 and 'sécond
termnals on the RO C substrate and the di stance

apdpwerhichhbagewdndagnthercd GthersHdhe endy pametzel, whsrein the

between the first anchors. Mreover, still another
scebjéahchas dohitenets Hyctamdsmonas@dd $ensor adeagd dinFglann the
ROTC substrate and several pixels, conprising: a

RboCt B tay endithe ldugime wtweef thectecved aetlalrs Esaglenteonhan that
the RO C substrate; a cavity for resonantly absorbing
between the first anchors.

Moreover, still another object is achieved by an infrared sensor including an
ROIC substrate and several pixels, comprising: a bottom layer including a
reflective metal layer on the ROIC substrate; a cavity for resonantly absorbing
infrared ray over the bottom layer; an upper layer of a sandwich shape including
an absorption-transmission layer having a cutting area in the middle thereof and a
bolometer layer placed both on and under the absorption-transmission layer; and
anchors positioned at the edges of the pixel for supporting the upper layer and
functioning as electrodes.

Furthermore, still another object is achieved by a method of fabricating an

infrared sensor comprising the steps of: forming a reflective metal layer on an
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infrared ray over the bottom | ayer; an upper |ayer of

a sandw ch shape including 20 an

absorption-transmi ssion | ayer having a cutting area

in the mddle thereof and a boloneter |ayer pj a 52%7
both on and under the absorption-transm ssion |aye

and anchors positioned at the edges of the pixel for

mu RQEL g éﬂ@%sﬁﬁg% sacAYiefal %%f chURetrkORItNG rastal layer by an
ectrodes. Furthernore, still another object is

S@}Q héo%ﬁﬁg Bond %Mﬁ dnof, lp@ bﬁ%f N &lrifewall l@,F/éIab?dpiasma

Sensor conpri sing he S fortlng a ref ective
t
p‘)gg}%lél?% a%gjoé&g%tgﬂw%ﬁ gﬁ\g %yer 0 mg% c il%;éer on the
: t d h
oEb bkt ot B EA @%ﬁ%ﬁéﬁﬂ%ymp%??ﬁgﬁa‘%ﬁ%ﬁam

a bol ometer | ayer and an absorption-transm ssi o .
anldgtfie rbesmptipie trasgsisriPndialn; {1HpEra meBY W@texﬂailfﬁe via holes

within the sacrificial |ayer, the bolorrnter |ayer,
toangkd mechabs o plecondts; and foesingre bajer by renpying the SaCHﬁClal

netallic material into the via holes to make anchors
ladg. el ectrodes; and formng a cavity by renoving the

sacrificial layer. Brief Description of the Draw ngs

10 Further objects and advantages of the invention

can be nore fully understood fromthe foll ow ng

t aken i n conj ti ith th
ng?ﬁ é&gd&%f“& D%i \Nlhl ch: JFluSC I1o|nl }Must ratg a

pfolslﬁﬁﬁg' ve%ctgwa&{ agitgga gty g, BEALSA SENSQN more fully

havi ayer Fuc ure |n accor ance with

1’&{ I or%? ffgn‘b pmn&g fiﬁt%}lgcf gascg glfewei\/a cpon?&r%%%%l With the

two- 1 ayer structure i.n accor dance VVI th an errbodl ment
awﬂmn@y@gég@mngw@ém%n Fig. 3illustrates a

cross-sectional view of the bolonetric infrared
sensioig. | illustrate a prospective view of a bolometric infrared sensor having a

two-layer structure in accordance with the prior art method;

Fig. 2 illustrates a prospective view of a bolometric infrared sensor having
a two-layer structure in accordance with an embodiment of the present invention;

Fig. 3 illustrates a cross-sectional view of the bolometric infrared sensor
having a two layer structure in accordance with the embodiment of Fig. 2;

Fig. 4 illustrates a prospective view of a bolometric infrared sensor having
a two-layer structure in accordance with another embodiment of the present
mvention;

Fig. 5 illustrates a cross-sectional view of the bolometric infrared sensor

having a two-layer structure in accordance with the embodiment of Fig. 4;
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having a two | ayer structure in accordance wth the
enbodi nent of Fig. 2; Fig. 4 illustrates a

prospective view of a bolonetric infrared sensor

having, 20 a two-layer structure in accordan é%%2@®7
anot her enbodi nent of the present invention:%gég
illustrates a cross-sectional view of the bolonetric

Iagf:g‘?% Z@%ﬁ’%ﬂ%‘%ﬁ tgﬁ@é@e@ v& v{e\(}@?f Q%’)Séﬁﬁé‘ﬁb‘ %%Irgd sé‘nssl‘r having
2 Bt eract Paesraae PR B o ferngfPadlnedt of @ present

structure in accordance with still another enbodi nent
ngImignpresent  invention; Fig. 7 illustrates a
prospective view of the bolonetric_ infrared, sensor
havifing 2 tlwetritayer pPsaspaeitr slavh cAcker brARBEI UHIATRS Sensor
enbodi ment of Fig. 6; Fig. 8 illustrates a top view
haofngpi wed-tayef standiotean netaridenden ithtletesbadorent hgﬁigné; a
two-| ayer structure in accordance with still another

?”bqfi%”@nﬂlu@frat%b% tdyy esentofi pivelst bom; bdtbmetr® infrared sensor
illustrates a cross-sectional view along the line

ha’%u% a #2030 HhBnfk G acd@dSiceRivah skl dddkusto@icBmant of the
spective view of the bolo:netric infrared sensor

pr@é%\ﬁ% ﬁgvcghé%g | ayer structure in accordance with still

ano di ment of the present invention; Fig. 11

o cPh USROG gqggng%gsgg\ L Bwn in Fig

dllustrate cross-sectional views of a manufacturing
>process of a bolonetric infrared sensor having a

two-| ayer structure along the |lin fe
Fig” 10 illustrates a prospective view of the bolometric infrared sensor

having a two-layer structure in accordance with still another embodiment of the

present invention;

Fig. 11 illustrates a cross-sectional view along the line C-C” as shown in
Fig. 10;

Figs. 12 through 15 illustrate cross-sectional views of a manufacturing
process of a bolometric infrared sensor having a two-layer structure along the line
A-A’ as shown in Fig. 8; and

Fig. 16 is a graph representing the absorption rate of a bolometric infrared

sensor having a two-layer structure in accordance with the present invention.

Best mode for Carrving Out the Invention

Reference will now be made in detail to the preferred embodiments of the
present invention, examples of which are illustrated in the accompanying

drawings.
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A-A" as shown in Fig. 8 and Fig. 16 is a graph
representing the absorption rate of a bolonetrie
infrared 20 sensor having a t,vo-layer structure in
accordance with the present invention. Best

Carrying Qut the Invention Reference will ﬁ%éﬁ%g@@?
in detail to the preferred enbodi nents of the

pr ets?gt 4 VERL on ﬁllﬁ%ﬁ@ﬁ%ﬁ&fgw\é’h 1©8s- %Afgjoh rf;@}g ethws of

acconp ny | raw ngs

S c
unéf s, %@%ﬂ Uy iplte Wb S AR AR 2B S W gjngtre in
bol onretr | nfr.ared nsor 'raving a hvo Iayer
LB et e RSO N gR v Laver
present invention. in accordance the esent
i nveitdcenrdanprR Witk tb@ﬁéf‘é?ﬂtrﬂavmfg%v\fwgi F‘%ﬂﬁ@ a‘émg a two-layer
structure and unit pixel of 50 LI x50 ~ conprises a
sthotitromnidayet phed of 0 [Lpper] chapere2@®ottant fyict y 00, an upper
t her ebet ween 300, and anchors 401, 402, 403, 404a,
1a464D00, AQdcity 40ebandert090f ond supipos g 40Be 403 phiéta, 404b,
| ayer 200. The bottom layer 100 includes ROTC

461ba0IREeS 400 Lor sibbortihdthe dgderamgkr 2041 (herei naf t er
collectively referred to as "I XI") and reflective

et af,d %M& ggrelo@%é}&é’es #BRC andwdd? 10henei NEft ers1 and

coIIectlve rred to as "1X2") thereon, The

1%1 e{hecﬁlh%ﬂ% c%%?twel%?’&%ﬁe&%@a@r %(f'ﬁ%ﬁd?éq_@ct%tn?&hﬁlayers 102,

rou consi st

(L%, Toe 10 GEeRR 00 S oLl B IR ey B, T

bet ween 500 and 10000, for aI oy., A first
replgp T meyletayEHot “ehalin m%ﬁiep?fgé m&teﬂfl 68?‘/?&1 W (Re group
conprising 15 a silicon nitride (yiN) |ayer may

caistshieg delwedmchal rPE Emﬁtiﬁlarteég of e éﬁ%@ctwﬁéﬂ@tal layer 1s

reflective netal |ayers 1X2 or under the
pistysblydteewedh20d0A shd 5066 &rfot Ay end between sooA and 10000A for

Al or Al alloy. A first buffer layer (not shown in Figs. 4, 7, 8 and 11) comprising
a silicon nitride (SiN,) layer may be either between the ROIC substrates 1X1 and
the reflective metal layers 1X2 or under the ROIC substrate. The first buffer layer
is capable of minimizing the stress caused by heat from the IR sensor.

More than a pair of anchors are placed at the ends of each pixel. Each of
the anchors may be able to function as electrodes. The cavity 300 between the
bottom layer 100 and the upper layer 200 has a height ranging between 10 and
30, and is kept with vacuous.

Bolometer layers 202, 212, 222, 232, and 242 (hereinafter collectively
referred to as “2X2”) and absorption-transmission layers 204, 214, 224, 234, and
244 (hereinafter collectively referred to as “2X4”) are positioned on the cavity

300. The bolometer layers 2X2 are made of a material selected from the group
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is capable of mnimzing the stress caused by heat
fromthe IR sensor. More than a pair of anchors are

pl aced at the ends of each pixel. Each of the

anchors may be able to function as electrodes

cavity 300 between the 20 bottom layer 100 andE%ﬁEEZ@@7
tipper layer 200 has a height ranging between |

co gigtmg f% ng ?@@ ) k%&tl éch at 1% 8 silEehomet %b‘drae’%e?r Biyers

232" reinafter coll ectively

A2 A0 £ o LI
S T Ay g Y
oSl Ok B TR B 0

silicon. The bolonnetr- layers '2X2 either
thpdwilethonedaysn. tother dpyser 10 ayake 200!-Gictarave, %ékffeﬁllé@ area
patterns. For exanple, the bolomcter |ayers 2X2
abvaden o infliredregy) havie tham) setketdrerbledeter hayckn@s8 made of TiO,
rangi ng between 300A and 15001, and a predetermn ned

m@j? ﬁ@vé athilkildss @ew&ntﬂﬂ)@ﬁ,bzﬁicbm@/ge rTHealy@ ot er Uppes 2X2 made
l'ayer) to make a fill-factor(i.e., an effective area

facﬁ?e e h%l‘x&fs Cf"i‘l‘i&gl 1&1@%}13.{?@ R @hﬂép@é%s 0PR cehn® Wb eMBY@YA, and

have a thi ckness between

bed%eg eggieaqg QQﬁe are%l}gtl(pﬂog’gﬁﬁﬁ%d"/ayers 2X2 made  of

dop anorp hous ave a thickness between
3000x1 and .be deS| d to
rati % SRR EEIR ST HRET RS Or B it ]F]r gg%lsz) % tgé %%?1 surface
| ayers 2X4 are osltloned onthet ur f of t
ofugerPPEy YepoR AN o e P o TRBY© pid ﬁi& it ptFo ee, the
rate. Here, the _absorption-ntransrjimssion |aye 5
atpxeptice-adsorits o flrpred ¥ hycpsetve ifeyed yayi b the destuctive
interference between the infrared ray reflected from
intdr&ereefl tecy tarethret Glrel ayereflexd faod thheeflegtivamseldayer 1X2
transmtting the absorption-transm ssion | ayer 2X4.
arfdothetiR€ared ray transmitting the absorption-transmission layer 2X4. For the
re-absorption, the absorption-transmission layers 2X4 are placed from the
reflective metal layers 1X2 at a distance of W/4(L: the central wavelength of
infrared to be detected) in order to make the infrared ray absorbed within the
cavity 300.

The absorption-transmission layers 2X4 preferably comprise a material
selected from the group consisting of Ti, TiN and Cr. The thickness of the
absorption-transmission layers 2X4 is preferably about between 20A and 100A
for Ti or TiN, and between 20A and 200A for Cr. In addition, a first insulating
layer may be positioned under the bolometer layers 2X2. A second insulating

layer and a second buffer layer may be placed between the bolometer layers 2X2

and the absorption-transmission layers 2X4. Here, the first and second insulating
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2X4 are placed fromthe reflective netal |ayers 1X2
atfa di stance of 2J4(X: the central wavel ength of
infrared to be detected) in order to nmake the .
infrared ray absorbed within the cavity 300. 3I'féepm 2007
absorption-transm ssion |ayers 2X4 preferably

rial 020 sel ec g - T is
SR S0 S STy v
prggcggt%@t i r%alg% &ngﬁ%ﬁ%@ﬁ%ﬁx iilgggi%ltgrﬁe_ﬁ)j lﬁ% Sg%p llé’y@r 200 may
e S0 ana 2008 (o G 1 st any o K,

bol ontter |ayers 2X2. A second insulatin | ayer an?
stepsssconidfosuifgethel eayety Tty Heh pif b thepdphEBr Ct%létaﬂt of layers
bol oneter |ayers 2X2 25 and the
cabsortipii onattrrarnsnstiediR benper s 2xdhin Bdmegc,tefarillgtbetween
and second insulating 9 3 April 2007 |layers are
2REef efdbhyetradercothestieimantioni desGinOR) theThmestesandor the IR
buffer layer isy a preferably made of a nateri al
se%@@ﬁ)fd %dﬂgtoSB't%C@intHé' Biffclence Thewsgpan ihajerne@Plratie and an
i ncl ude an insul at| on cut for thermal insulation and

H’lt%ﬂi‘agé(f: mn{x% gtgtﬁe 0 f}@ %@ﬁéhd? 9Thé tﬂ'ié%ﬁﬁx? $indN o @418 G alculated

e cavl of t errra ti me constant of

SR o LA b
nsec.

Her t he h
C%péf%ﬂﬂ?eém ﬁ:@n %twg@flgﬂ 2 hm@og S%tfac%t?b/!at%ffete?e Y0 | WBnsecutive
i fference between an initjal t t
picher o s AEBpEr S0BRES Ohet hETR SBRSarS o aheHar afess than

time constant is calculated based on the equation

3 Exprogiogedvas afttherged intureancoiest ant = heat 10
capacity/thermal conductivity". If a t| me difference

bet WHereafte porfseedit évmbodiments of the present invention will be

described in detail with reference to accompanying drawings.

Referring to Figs. 2 and 3, a bolometric IR sensor having a two-layer
structure comprises a bottom layer 100, an upper layer 200, and a cavity 300
therebetween.

The upper layer 200 includes a first insulating layer 201 for electronic
insulation, a bolometer layer 202 thereon with a predetermined shape, a second
insulating layer 203 on both the first insulating layer 201 and the bolometer layer
202, and an absorption-transmission layer 204 on the second insulating layer 203.
Etching holes, which reduce an etching time, and relieve the physical stress of a
unit pixel, are positioned on the upper layer 200 with a diameter less than 5. In

addition, insulation cuts for thermal insulation are positioned on the upper layer
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pictures is longer than 33rnsec, the thermal tine
constant should be |l ess than 33rnsec to prevent
afterimages in human eyes. Hereafter, preferred

enbodi ments of the present invention will be 3 Apyil 2007
described in detail with reference to acconpanylg}

draw ngs. 15 Referrlng to Figs. 2 and 3, a bolonetric

200 "“Rw?@,‘ﬁné%idh?}’ég@gi B 5\W0- Ry elrst Std Yedodbeinc@aphy 3@ ra have a
tom | ayer 100, an upper |ayer 200, and a cawty

th%c%gests rgﬁ%ﬁ? %%Wﬁ?@ﬂ 30D, %§ﬁ0§ e@? Y LLre30d Hedindgsodde (Si0,).

! t at| ngl | ayter I ectronic
i nsul.a | n .
2 B 23@1 bﬁ?ﬁ@g@h E%ggggs}g&)gg%%ﬁba 2‘@2" }%aﬁtggrf QIFI d@l is between
n both t |
3 Boret or | eaygrngnp! cad o HEar b FaH! i%i?ﬁ??f?gg gior 401

| ayer 204 on the second i nsul at | ng | ayer
is E[e@ﬁ@mgSEOVf%@ anghilOn }<b@@cJ}@na@pgﬁi%tr@m%s&gﬁaayer 204 1s

relieve the physical stress of a_unit pixel, are
mpdsof Tiomehl aghickhessuppsng bayeren20d sid P04 di anet er
less than 5 ~ . In addition, insulation cuts for
t hermatt, tatstingt todhgareapds) bk aped lepeit HE) ui)mm‘thd:rdgpéﬁmetric
10 3 Aril 2;00" 200 with a width less than :5 * .

IRTREndor NedvidN @ 5e60NGE: | dhakhat | dgnprayers boaxeetar layer 212, an
t hi ckness rangi ng bet ween 300A and 1500A and are nad

ab%{gl ﬁfoé-t?ﬁﬁﬁﬁ%%&? AU )4, ROk aMBbLAMg &Y %!ecltr%des 402 and

S attern and its vvldthls bet ween 3
cqwgtsngg%lf bto-o{ faglgllr %tg%)ltﬁéhgﬁﬁﬁe ﬂ%} %11?(? ggﬂ tc%fs 216
10 ~ The. abs ti r.ansm s ver ;204 i
o SR anpl (Rneddd wg%%. ??g% edhds a%dom“m“
70ka. Next, referring.to Figs.
tm@gxgpsug@d)a}@f 244 AR SO BSmE ety She enilpg géﬂs%n the é&pﬁb 1acyer 200.
two-| ayer structure conprises a boloneter | ayer 212,
Tlanbolabmtrrpeyans preferehiysspdmof dgpsd apaaphaichir e
functioning as el ectrodes 402 and
Next, referring Figs. 6 and 7, an upper layer 200 of still another bolometric
IR sensor having a two-layer structure comprises a first insulating layer 220, a
second buffer layer 221 thereon, and a bolometer layer 222. Here, the first
insulating layer is preferably silicon oxide (SiO,) with a thickness ranging
between 0.65+0.1 ] The second buffer layer 221 is preferably made of a material
comprising silicon nitreide (SiN,) with a thickness between 0.2+0.05 LI. The
bolometer layer 222 on the top of the second buffer layer is preferably made of a
material comprising Ti or TiO, (x=1 to 3). The bolometer layer has a thickness
ranging between 300A and 1500A for Ti, and between 500A and 5000A for TiOy.
In order to relieve stress, the first insulating layer and the second buffer layer may

be alternately and repeatedly formed under the bolometer layer 222. Subsequently,

a second insulating layer made of silicon oxide 223 is formed on the bolometer
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10 connecting the bottom|layer 100 with the upper
| ayer 200, and insulation cuts 216 for thernal
i nsul ation. Both the boloneter |ayer 212 and the

absorption- transm ssion |ayer 214 are positi
the entire part of the upper layer 200. The §1%%H%F2%7
bol orneter layer is preferably nmade of doped

T T
oy Pt A IR P2,

t hereon, and a boI onet er er 222, the fjrst ,
i nsufetti iweriagde Figs. |§raé*rde)f Ghrigssidciien %Wdﬁé@%‘%}@ ne A-A
with a thickness rangi ng between 0.650.1 !- The
assgoond ih &g e¥), laayeppedayirs? @ of étlﬂmwth@dwlemegw TR sensor
material conprising silicon nitreide (SiN,) with a
hatvhigc k nesslabet weenui@. 20sy@&metric ﬂ'g?enszahbcdlagfmabﬂmb ayfer pixel,
222 on the top of the second buffer layer is

rew@élﬁ{ga@bﬁttréﬁ%e sRiped TH¥elh@tdrll sbappid sipadlclof aminimizing the
TiO (x=1 to 3). The bol onet er | ayer has a thickness

deg(grgl%tﬂﬁ betenn 3004 ARd dheO9edsonn TidditRnd theiReeAsor can

and 5000A for Ti Ox. In order to relieve stress,

reitigie/ Iesk?ance nbgplx]%gﬁ ﬂ{ e 1@(&n@@%e%nsﬁ§?'aq%mg f®la and 404b

and repeat e or med under

th 222. b

ot eﬁtjﬁsﬁbﬂ}% bl S 0% AT
on e t

oo et Piks o9 Fn B3R P AT 200

~Insulation cuts (not shown ) are formed. on th

inglydes ditchjeg lmies 2Nexfor Fap@HRE iy Seeriirigs [TE@Y Sh)OW(n& and
cross-sectional view along the tine 1IRRA as shown

inbwlafiigcutd)for diermppesulhayerT2oecofd stdhrs 4hstandr404d not only
bol ometric IR sensor 5 having a two-layer structure

suppoRyERLppG Bgai M0, the di@gonaltaddonelyofuratiphxal clectrodes
resenbling a butterfly shape. The butterfly shape is

cdrRAP&RN 8o fadmi 8l ZMchaldhen af FOIIBIHsonteOfA thes kRtional view
sensor from shear stress, In addition, the IR sensor

al6R% the line B-B’ in Fig. 8 (not shown) is identical to the Fig. 9 except that the
first anchors 404a and 404b are not connected to the read access terminals. In
addition, the upper layer 200 may further have insulating layers or buffer layers
on and/or under the bolometer layer 232. The bolometer layer 232 is made of N
type or P type doped amorphous silicon and preferably has a thickness ranging
between 500A and 3000A.

Finally, referring to Figs. 10 and 11(a cross-sectional view along the line
C-C’ as shown in Fig. 10), an upper layer 200 of still another bolometric IR
sensor having a two-layer structure comprises an absorption-transmission layer

244 and bolometer layers 242 both thereon and thereunder. A cutting area 247 is

formed in the middle of the absorption-transmission layer 244. Insulation cuts
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reduce resistance by making the di stance between

first anchors 404a and 404b | onger than the distance
bftmeen second anchors 404c and 404d, therefore 10
effectively and efficiently detecting infrare i

Furt hernore, the upper layer 200 includes etg%§§95§2@®7
hol es 235 for renoving a sacrificial |ayer(not shown)

gy aidsil atsh oG UL S pfaekd bhekdmadcisubatkl dMhe Thehors 405. In
second anchors 404e and 404d not only support the

a g@re ot LAXREd 90Ut SP18k lo?,%ﬁ@%H%rpti{)ﬁi%%tﬁ&sﬁﬁ Tayer
ectrodes

connecte 0 read access tefrmnals on an

ofFYE SHEE 1 005 EERICPL S E R s

Fi g. except .that the first anchors 404a 4 -

EeaPGleb Y COMATBATES el e SEPoPin AP g, iy ding the
addi tion, the upper |ayer 200 may further have .

abserplioat trang I syt S1Y6F- Sjixg'*hf@pbkéiﬁe%@y cghseaisy %rf‘)ﬂﬂ%féorn of the
t he bol oneter |ayer 232. The bol oneter |ayer 232 is

uppadéayef 200 arydserimentelly wecddpedliambrphbths 1 pensen Hagever,
preferably has a thickness ranging 20 between 500A

inahd IRQBMsorFhmakding to efiepresag ihoerfFiogs sudOprahtenisl{ra solved by
cross--sectional view along the line CC as shown

adoptifih @ sakviclaBhaRpafudnady enhd8bdbmstel llhycanatbese placed on
bol orretric IR sensor having a two-layer structure

ar%igﬁ}?(ﬁérst%é %g@?ﬁﬁ&%ﬂsﬁﬁéﬁ&@ M8 SBI0MF Jr 8iviSanc 2 4 ressive

onet er s 242 both thereon and t her eunder.

str%%t% tgliug/gf geﬁigﬁ? gt%gss! a?e/?s%ﬁg‘fireg‘%g ogxg Z?tf%ﬁh&] AlS1@hetbPBiyers 242

anse -1 nsii ssi‘ort*l ayer nsul'ation cuts

ri.l 20 7 .246 for rqval insul ation_ ar

o GEATBHOE TS i 87 Bt oFe EHERe RS B ure cgn offse
r. prior art nmethod for fabricating an IR r, the

thg 5665561 BIFVERTERH gﬁ,) defemgetion § gge ug@egnlggerei(g(gﬁﬁggpogﬁr, heat
heat during a thermal treatnent. In addition, thermal .

fretr @ssma,gehetr platsd abg copwingier gigscivesy HEghp PFedst f?%émmg
upper layer 200 including the 5

thahaotptilonmiy ansedss shotenhayanre St POYDIsehyraimy 41 and may
cause the deformation of the

expand the absorption-transmission layer 244, thereby creating the stress. The

upper layer 200 can be relieved from the stress by the sandwich shape structure

and the cutting area 247.

The sandwich shape structure is also able to reduce heat loss. In particular,
destructive interferences occurring in the absorption-transmission layer 244 lead
to absorb infrared ray. The heat is then transferred through the bolometer layers
242. Hence, the sandwich shape structure can prevent the heat loss occurring via
the absorption-transmission layer 244. Furthermore, the cutting area 247 in the
middle of the absorption-transmission layer 244 replaces the function of the

etching holes for relieving the stress in prior arts, increasing an effective fill factor

and reducing resistance.
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upper layer 200 or detrinentally affect the
reliability of the IR sensor. However, in the IR
sengﬁrs according to the present invention, such
probl ens are solved by adopting a sandwi ch s :
structure where bol oneter |ayers 242 are placg%g%§1EZ®@7
and under the absorption-transm ssion |ayer 242. For
| NSTANCRiclabic € A8 3bMBtel Ciy8E DES S @NEAhed 80Shd Qutting area
Ftress are/is applied to oné of either the bol oneter
or .24 ey ; .
Q%féxsﬁ&dnﬁ%ﬁ}é% gtéﬁ%%gorﬁpﬁx%@géﬁﬂ 'lé?/e? rﬁ;@ %&19&%}% ¥ 8EaddAof the

Ssan structure can offset

T B BT E0 LR
an ; .
1 B ShReeToh S PR B CESS HEehEL B

RO C substrate 141 and may 15 expand the .

is absdptisonca)r anghd elsiteprphayepilinan Witha teslness @420RgA is 10
the stress. The upper layer 200 can be relieved from

ottrhiel ,Sf Eeis€ (bynt ¥ is @dwi & hwidiHap40 Gohog twdrieh isasigalidieghan the
cutting area 247. The sandw ch shape structure is

re@ilsﬁiﬁc@k@ly_em%ﬂ}oﬂedﬁfﬁoheﬁt (ileqssbout rhOpRotmguT s, a thin layer of
destructive interferences occurring in the

dARSQLRL I ANChANBAYGSIcAN ) AY&tingdHe heiad of20W 0 absorb
|§§rared raey.gil]'he heat iys@helrr}%?r%nsferored t hr ough

(1 BOLAEBLE) RGER B4R HNERn L2 SRR A hamcr nd
o35 RS PSP, RELAR Shs A0SR of e
RS SOl AL R RLFE 5RO, oo of e
LG T A I ST

T he resistance of the hol oneter |ayer 242 is .
briddesr Monprtfioybishbaut twidgh(Br wagpyrbexeendi-ng ©Ae 50, and a

absorption-transm ssion |ayer 244. Thus, the
lenghiahgingdcofednvel] hod 66neter |ayer 242(hereinafter

referred to as "R') is calculated as FR x(L,/W

In addtion, the bolometric IR sensor having a two-layer structure shown in

Figs. 10 and 11 may have a symmetric structure(i.e., butterfly shape) as depicted
in Fig. 8. In detail, the bolometric IR sensor can include the upper layer having
the sandwich shape structure with a cutting area along with a diagonal line of the
pixel and having the symmetric structure against the diagonal line of the pixel.
Here, anchors comprise first anchors and second anchors. The first anchors and
the second anchors diagonally face to each other at the ends of the pixel. The
second anchors function as electrodes connected to read access terminals on an

ROIC substrate. The distance between the second anchors is shorter than that

between the first anchors.
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("L" is the wwdth of the cutting area 247, "W is the

l ength of the pixel, and "R/" 5 is sheet resistance),

As R, of anorphous silicon with a thickness of 2000h,

is 10 ohmli" L, if Lis 2 _and Wis 50 * , Rl
400kohrn, which is smaller than the resistané%%ﬁ§ﬂ?2@%7
nmet hod of prior art (i.e., about 500kohnm). Thus, a

thi njlayer, of.ns desifedst esi shansedmyokendior medehor havin
adj Uar e PP R G LT T Re bt ges 540 f or ngg%by e

he,insul at. [
« PORGRR R LS A0 PLE B PRl Bl v
e wdth(t) and lLength,of the ;bridge 9 shoul d be
1{%‘&0@?‘“’%?%@ aiaY@S’sia:leI%t&} iht‘%r%“?‘r ShOSE “g%%% " support of
h . :

(e RBPETy | SV 2P0, DRVhORG SR S0 R 0ERSe A acoes
preferably have a w dthgt) rangi ng between L5 J 3nd .
teBinalsafigrepn isepegphradamgbrrsiusativedfctaode By 33k apdymtlective

I n addtion, the bolonetric IR sensor having a
mbtwbldyay 682 sire depasited Slyovasuiim ddfiogision1@ sgntening praggsses, and
have a symmetric structure(i.e., butterfly shape) as

paepiat edfirdtbuFicglay8r nlay teefoainkd fohesbbliegendisepdRing pixels
sensor can include the upper |ayer having the

bﬁ@f&dmecél@&mei)ﬁsf UT3 URhE tMé kTR tiGBthéBD | Beed 33l @agatterned.
with a diagonal line of the pixel and having the

BT SR e T P e i g
SCoA, DL T8 LLEDoASIRIREETS o PRROSHSe i
Bl T SRR BB S LRIEL NS SRR The
sargitieh Ioisam Thaes BvkEhs TRBSEr SHOAREND? o 2 3.5 T by
April 2007 Hereafter, steps of a process for
chathng eatdrgapia tol lepete.gc A&E@Mbﬁhﬁ@i% gf dloneywell) through
two-1layer structure will be described in detail with
ahe$©PEde O FRilgser) iZotdwsoligmethods of prior art, the SOP process
leaves traces of a spin coating on the surface of the sacrificial layer 350. Even
after later processes for forming a bolometer layer(not shown) and removing the
sacrificial layer are completed, the traces will remain on the bottom surface of
the bolometer layer, leading to deform the bolometer layer. To solve such a
problem, Ar/O, plasma is used to remove the top of the sacrificial layer 350b by
a thickness between 100A and 2000A to relieve stresses.

Subsequently, referring to Fig. 14, a bolometer layer 232 is formed on the
sacrificial layer 350a, and an absorption-transmission layer 234 is deposited on
the bolometer layer. Via holes 450 penetrating to the electrode pads 135 and

insulation cuts(236 in Fig. 8) are then formed within the sacrificial layer, the

bolomter layer and the absorption transmission layer of the resulting structure.
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15(cross-sectional views along the [ine A-!ly shown in
Fig. 8). Referring to Fig. 12, an ROIC substrate 131
includigg read access 5 termnals thereon is

prepared. Subsequently, electrode pads 135 an :
reflective netal |ayer 132 are deposited by g%?ﬁ%ﬁEZ@@7
deposition or sputtering processes, and patterned. A
Thi Nsflobult ehydrayer iy rheblyoraed drositdiensul Btiypg @nd P type
separating pixels before the electrode pads 135 and

ax{n%@aﬁo%@ ls?:&%}h}(ﬁggﬂlﬁkkﬂe%éf %ﬂ#ﬁ%b%;&’%@@ abb &rapadooofer e,

I'rs [ayer Is a materi al

co i sing.,silicon.nitride 0, Ne er .

Figr 13 v ndles R ol ey 3 e o R B2 o plasma

resulting structure.and.the top ther.eof b
etg}g%x\@&h&,ggﬁ 5&58@‘?@ %‘?@hﬁ‘?ggmﬁ‘ﬁecor@]ﬁgpgfcffzégi" {:E;férand Ar.

350 has a thickness ranging between 0.5 i1 d 3.5 1
AggitioptlanFgliag [ BegaRpicshomy m%sygg ceegtly f%@@%?@ba&%fé under

EL of Honeywell) through an SOP(Spin On Polyner) .
thprimtesster llayarst Rodrofxapiilara dirst, insplatisppaysogeds of ssilicon

| eaves traces of a spin coating on the surface of the

oséetif betamedayder @850ol Guenar lagbt 252.1 Ader sprondesseding layer
for formng a boloneter |ayer(not shown) and renoving

mhde of $2ebh fligidl canayeforaied wowptetiedbolbhetdiriagas2i@ hid the
remain on the bottom surface of the bol oneter |ayer,

aﬂs@ﬂgfoﬂgtférﬁnﬁ%fi&{ MRS POLREREICT bRYER. enhAnsQ] ¥Belah vapor
a problem Ar/Op pl d

asma is used to renove the top of

detfggi}{%%ﬁfgﬁ%ﬁ%%m'ﬁ@%?r 350b by 20 a thickness between
a

f to relieve stresses. Subsequently,
referring to Fig. .14 . bal.oneter .| a : i
R RER L S S e ME R
_absorption-transm ssion Jayer 234 |s de ' 0 ..
ini BRI By TRkt B 500 BBt S04 PS8 S efgning
el ectrode pads 135 and insulation cuts(236 in Fiq.
asglectrales hBhe farHesdaliiy i 19 Ogre theacieniaverde (payarcavityg 00 by
25 bolonter layer and the absorption transm ssion
arl @y efasofa dtdteng.esul ting structure. 15 3 April 2007
Fig. 16 illustrates the simulation result of an absorption rate of the
bolometric IR sensor having a two-layer structure in accordance with the present
invention. The absorption rate is more than 95% at a central wavelength of
infrared ray from 700 to 140
Above described herein, the present invention provides one embodiment
of a method for fabricating a bolometric IR sensor having a two-layer structure
comprising the steps of: forming contact pads and a reflective metal layer on an
ROIC substrate; forming a sacrificial layer by an SOP coating process; removing

the upper part of the sacrificial layer by a plasma etching; forming a bolometer

layer and an absorption-transmission layer; exposing predetermined parts for
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The bol oneter layer 232 is preferably nmade of either
an N type or a P type anorphous silicon with a
t hi ckness rangi ng between 500A and 3000 0. The via

hol es and insulation cuts are preferably fann y
pl asma etching with a gas sel ected fromthe S?é%rﬁzw?

consisting of CF4, CITF3 and An 5 Additional
o B IR B LY o e s
S S e N s L e
ol MR AT A D S
absanptiorr-transm ssion | ayer (2)§4 t hr mf%&h%@%s%%t%venﬁon

pERHEREEH tBheni AR HRPGINZINOHRSHOLI L FEHH
process, Subsequently, referring to Fig, 15, a = _

proeidsls lanotheaeaiodiménsrof come diordsfor satridafiag a haeigetigelR sensor
via holes and patterned to form anchors 404e and 404d

halisg aftunchiyanitng turas oelesinmthesstepbhe: $amring icontakt pads and a
| ayer 350a is then renoved to forma cavity 300 by

redltc e Hleds MByebahinRIOIA Sullsit@ite; ¥6rminkusdac fies] tdyer by an SOP
simulation result of an absorption rate of the

c@a@#n%rnﬁg%é‘ss LEmoSERSMHe Y NGhre of WRe sﬁé’rﬁ?ﬁc_:lgﬁa![dyéﬁ Wyealglasma

acc nce wth the present invention.

@t\%gi@i%g gﬁ%rgﬂn%?taeiﬂoﬁoﬂe{e? ﬁ%? ¢ ?}%Z‘]’tgé @a&%ﬁlall%eg\;/ eexposing

nfrared r to 14 -1.

descri bed herei th resent, jnventio V| on :
PERBGTHEM P00b BF 4 dslhol 1 0F M PRorIcapPRgy e Forming
bol onetric .| R sensqr havi n two l.ayer. structure :
e%a%@qsshyn@s%éxgq%gwﬁﬁ for f&f?lﬁ{%@ﬂé?ﬁ‘f%s i dY AR g oving
reflective netal |ayer on an ROIC substrate, form ng
the seqiefeip] eyar; andyeimipg 2ambSaoptie At anagHrECa¥S:
renoving the upper part of the sacrificial |ayer by
@—i@regn}tmcture

a pl Aberenahods hoy; faboicaiing tize BRI ssmetrehavingyiefw

absorption-transm ssion | ayer, exposing predeterm ned
a@aidiagftothe fl@sent invention are embodied and broadly described with Fig.8
and Fig. 9. However, the methods for fabricating IR sensor may be also applied to
the other embodiments exemplified in Figs. 2 through 11 without difficulties.
Therefore, the detailed descriptions of the fabrication method for the other
embodiments are omitted.

Although certain example methods, apparatus and articles of manufacture

have been described herein, the scope of coverage of this patent is not limited
thereto. On the contrary, this patent covers all methods, apparatus and articles of

manufacture fairly falling within the scope of the appended claims either literally

or under the doctrine of equivalents.

17



10

15

3 April 200 7 anchors by etching the sacrificial

| ayer ; and form ng el ectrodes by Using x (posed

parts for anchors, and formng a cavity by renoving

the sacrificial layer. Here, the step of forntyg%hq52@§7

absor~fion-transnm ssion | ayer can be perforned at

the end of a fabricating process. "'or exanple, the
RS SNt Hheepliiton 5 provi des anot her enbodi nent of a
—1TE —fabricating a bolonetric IR sensor having

at V)Qé@'@%iﬁ%lty;'é}géjﬁ&ghﬁtﬁ@ m&g&g ?%@%@fgiﬁﬁgﬁaﬁwlay@r structure

formng co pads and a | ayer on
ROt b te; ' i.ficial: v
o ERCHRESH B ScbOrLR A L S S Bpogrfor e
oraapbm o ey SRl R e e R Ryt and

predeternined parts for anchors by etching the
siabfiing dicamanalpeRr EGHAT G Widl 8 SPPOHSEOBY aperaagh. Moreover,
exposed parts for anchors; and formng a cavity by
the dwbumetge infrereslampdis dh alccomipnee wathdthf grredeng inyention can be
absorption-transni ssion | ayer. The nmethods for
apabitile ab inng-cohewct Reaensiesiohavigngsiars fuy-aapes objects such as a
structure according to the present invention are
fignhadheghandobieadhy desehilett whd hufmed, Sighl ¥idng in a car,
Fig. 9. However, the -nethods for fabricating IR
al Pl t e qfh badj fRbhSre, the
T R A R T
i fficul ties r.ef or e t.atl LPL
bl pLaft s o RelhSehgr iReP R d e TRERIA 2 Lo ato
are gmtte Al.t hough .certai n exanpl e net hod ;
copbpaacy S i) drvre padt o1 hitafh R BT B6 A Duensigps, nieh
described_herein, the scope,of. coverage of this
Vipah SRPPISSTOR FETIONAT FEMPONEhBIZSE §isighn s yohan dBhiRihyne $5 ghores
pat ent covers all nethods, apparatus and articles of
anvpnutdpodse fairly falling within the scope of the
appended clains either literally or under the
doctrine of equivalents. 25
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17 3 April 2007 Industrial applicability
Accordingly, the boloynetric infrared sensors havi ng
a tm?-layer structure and the nethods of

manuf acturing the sane consi stent with enbodi t.S,.:

the present invention are capable of inproviggg§ g?%@@7
infrared absorption rate and 5 sinplifying the

.process with a spectroscopi c approach.

e bolonetrie infrared sensors in

acco ﬁgg %«cf 331&@}@%0%@%%@ {n gl?(ﬁl{l]% iaﬁ\/}%@ﬁt N LERPRG several pixels,

appl i -conta at-em ssion diagnostors

for various objects such as a fire hat, helnets for
“QETKI'Mg in a manhol e and tunnel, night visions in a

car, surveillance caner rinted circuit board and

waf ersiirsEgptipeleper @ th@f?égf@s‘%f“é%t ric infrared

sensors in accordance with the present invention can

be alslbottappice atleding anpileatweynefelliprer guds Tast Wffanayer

tenperature vision diagnostors, night vision scopes

for pecsorydor weaparky, alsbdhtg wifsirehraysteeid bettom layer,

wat chi ng sea shores and guard posts. 15 18 3 April

200", afy upatiayes ikdladined: fisst idsulAmgi lnf¢ared tkeasoty, a second

i ncluding an RO C substrate and several pixels,

LSi N0 A f
bLgﬂaﬁggtﬁ & AP thedfifsk 1isdul Al B ed aViRTlo@Btck h8ydR@nGhe second buffer

ate; 5 a bottom [fayer including a reflective

128! 3l slc:@%%llr ggég%&rtﬁml%ngi}fe?torp Ufd &fo1bR¥RE ;la%/ﬁre‘é@% It z%r% r%i)%rptiom

esonan infrared ray over ti (
upfgrsih B P RE Py MELYRRR S did st Treuiating

a unit pixel supporting the upper layer including more than a pair of

anchors on the ROIC substrate for.

2. An infrared sensor including an ROIC substrate and several pixels,
comprising:

a bottom layer including a reflective metal layer on the ROIC substrate;

a cavity for resonantly absorbing infrared ray over the bottom layer;

an upper layer of a sandwich shape including an absorption-transmission
layer having a cutting area in the middle thereof and a bolometer layer placed
both on and under the absorption-transmission layer; and

anchors positioned at the edges of the pixel for supporting the upper layer

and functioning as electrodes.

3. The infrared sensors as defined by claim 1 or claim 2, wherein the

upper layer has a symmetric structure against a diagonal line of the pixel, and the
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buffer layer on the first insulating | ayer, a

bol oneter | ayer on the second buffer |ayer, a second
insulating |ayer on the bol ometer |ayer and an
absorption- 10 transm ssion |ayer on the secoqgékgﬁgzgg7
insulating layer; and a unit pixel supporting t gj

upper layer including nore than a pair of anchors on

arlcRBrsRONG ST M@ ofOind dcoM ahsHdranedcisengofally face to each
including an RO C substrate and several pixels, 15

Otﬁ%rﬂh? s o8 ﬂ%oﬁﬁgg‘&}%%&% thD %Eé&id%cﬁofsefuhéﬁé*ﬁ ‘é@ electrodes

ayer on substrat e; a caV|ty

resong ntI bsor ra b
PR s i Ty ey BP0 At OR u&%@%en%ﬁd Sﬂ% fistance
an absorptiop-transm Ssi o ut t,i
bPedr T Bhemhrtoe Fibrugr an i bpditshate Ar gl e
pl aced 20 both on and under the
absorption-transm ssion |layer; and anchors positioned
at the edges of the pixel for supporting the upper
| ayer4. B iffeaved isomiong) aasle@ned thyoelesn 1 SOTTH@ﬂﬂgfwaﬂ@@lﬂm
sensors as defined by claiml or claim?2, wherein the
mz&nteb@amehﬂyﬁbdbasmﬁlawmnnd1hmﬂs®qﬁmﬁmmmmaganm@hw®rB?M4
di agonal line of the pixel, and the 19 3 April 200 7
anchors conprise first anchors and second anchors
whi ch diagonally face to each other at the ends of

the pi Xgllxc iMRREELMhhes SREARE LINARRK 9 g i @In@sin a first

el ectrodes connected to read access ternmnals on t

bﬁ%&(}f‘{%ﬁggﬁ ?ﬂgct{\)% E]td?&ce bet ween t he second

Sis bet ween the first
anchors. r 4. The infrared sensors as defined by
claim1 or cIa|m2 wherein the

6. The infrared sensor as defined by claim 1, wherein the first and the

second buffer layers are made of a material comprising silicon nitride.

7. The infrared sensor as defined by claim 1, wherein the first and second

insulating layers are made of silicon oxide.

8. The infrared sensors as defined by claim 1 or claim 2, wherein the
reflective metal layer comprises a material selected from the group consisting of

Ti and Al

9. The infrared sensors as defined by claim 1 or claim 2, wherem the
bolometer layer is made of a material selected from the group consisting of Ti,

TiO,, VO,, and doped amorphous silicon.
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di stance between the bolotneter layer and the
absorption-transm ssion layer is 2/4. 5. The

infrared sensor as defined by claim?2, further
conprising a first 10 buffer l|ayer under the :
reflective netal layer. 6, The infrared sensor3 éé}rﬁ 2007
defined by claiml1, wherein the first and the second

buf f ey layensalesdmgde of danater b@.&m@@p@iﬁﬂnn% wherein the
silicon nitride. 15 7. The infrared sensor as defined

| g o 0. the fi w t iing

B Y S Ron e S 8RNIt 0 o
sensors : i by claiml or claim?2, wherein the

Coﬁlélfgﬁjé%f)f@z ﬁ@iaéﬁ%e(ﬁrayer conprises a material selected
fromthe group consisting of 20 Ti and Al. 9. The

infrared sensors as defined by claim1 or claim 2,

wherein the boloneter |ayer is nmade of mat e i%EN’ )

sel ectled heripfintenescgpaiuys ednsidsty pigiaflUriwherem dne geggrption-

and doped anorphous silicon. 25 20 3 April 2927 10.
trafvenissndir fyed hsenslocknes raufingbdveen A0 md 100A dbailier TiN,

2, wherein the absor tion-trans mssion |ayer is nade
ar@dfbdteedmi @k iaall 266Refot € fromtnt group consisting of

Ti, TiNand C. 5 11. The infrared sensor as defined

by claimiO, wherein the absorption- transm ssion

| ayer has a thickness rangi ng between 20A and 100A

for T o ror%ﬂ};d o8- REIWEEN N B9A 1ARAs Z QM RIn Cihe sleds of:

A et hod abricating-an infrared sensor conprising
e S ehEl i I Rl A e o
the r(f@&)t)gi%i%igvae sg&gﬁcliall el ogyth%nreﬁgc?tive metal layer by an SOP
coating and removing the upper part of the sacrificial layer by plasma;
positioning a bolometer layer and an absorption-transmission layer on the
sacrificial layer;
forming via holes within the sacrificial layer, the bolometer layer, and the

absorption-transmission layer;

filling a metallic material into the via holes to make anchors as
electrodes; and

forming a cavity by removing the sacrificial layer.

13. The method defined by claim 12, wherein the sacrificial layer 1s

removed by an O, plasma ashing process.

14. The method defined by claim 12, wherein the upper part of the

sacrificial layer is removed by plasma using an Ar/O, gas.
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coating and renoving the upper part of the
sacrificial layer by plasma; positioning a bolorneter
| ayer and an absorption-transm ssion |ayer on the
sacrificial layer; 15 formng via holes wthi itw

L April 2007
sacrificial layer, the bolornetcr layer, and t :
absorption-transm ssion layer; filling a netalllc
material into the via holes to make anchors as
el ectrodes; and formng a cavity by renoving the

sacr:j Eﬁé vﬁ%@@[lg& dﬁ%fﬁl%dlg ¢ ?n Rt h@%@gﬁ]‘c e B¥ness dof the

cl ai erein € sa | ciarf renove

by .an. O, pl asm r SS. The rrethod
Sa&éﬁ?ﬁégyﬁgmﬁ%\’e&ai%e%‘?@ 12}%% ?Iﬁiej(f%) r part of the

25 sacrificial layer is renoved by plasma using an

Ar/ 02 gas. 21 3 April 2007 15. The nethod defined by

cl aim 14, herein the thickness of the sacrifici aI

| ayerl@. eﬁm/@@bth@d Wefine@vy1dom avd Rooew. ts belompie layer is

nmet hod defined by claim 12, wherein the hol orneter
mhayer 4 snateidesctdctal fmrerthalgram ectediry oM Tihdi@y, oUps, and

consisting of Ti, TiOx, VOX, and doped anorphous
d&dedi Esrphdils sﬂmﬁ],mst hod defined by claim12, wherein

the absorption- 10 transm ssion |layer is nmade of a

materi al selected fromthe group consisting of Ti,

Ti's and C. 18. The net hod defi ned by claim 17,

wher ejn Hie aRSALRT 4ORed r%sgﬁaﬁg' ng %ﬂ@fen@aﬁxea absorption-

t hi ckness rangi ng between or Ti or

tr.;lrrllslrrlnksmn layer is made of a material selected from the group consisting of Ti,

TiN and Cr.

18. The method defined by claim 17, wherein the absorption-
transmission layer has a thickness ranging between 20A and 100A for Ti or TiN,

and between 20A and 200A for Cr.
19. The method defined by claim 12, wherein the formation of the via

holes is performed by a plasma etching using a gas selected from the group

consisting of CF,, CHF; and Ar.
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15 and between 20A and 200A for Cr. 19. The nethod

defined by claim 12, wherein the formation of the via

holes is perfornmed by a plasma etching using a gas

selected fromthe group consisting of CF4, %T 5@@7

fir. 20 22 ABSTRACT The present disclosure is relate

to bolonetric infrared sensors having a two-I|ayer
ABtmactamre and nethods for manufacturing the same for

I mprovi ng an absorption rate by a spectroscopic

desi-gn 1% Q&&@%ﬁr& ¥s ?Qﬁ%ﬂg?%lb&%ﬁ% &Gyar&d genk;s»ors having a

pr event rmati on a sensor caused

fesses due to i acl:

oo ﬂg%wa it &°3horscht b e Stﬁ%is%%w 3 H%Lf@‘gng an
botton1|ay |nclud|n a. refl ctlve taI

AR R L 1 6t TR BOSCAD IS {6 ool Haﬁ#@?@f’fng infrared, and
absorbing infrared ray over the bottom | ayer

prappemgl e Aelormation di CRASEhapect ol GHPHES e 1o heat. The
absorption transm ssion |ayer having a cutting area

infrarddneermsbddhdudingr sofRQkd Sab&ﬁtﬂt@rmdeﬁ'evﬁﬁ@'éﬁx?iﬁaa@@@pﬂses a
bot h on and under the absorption-transm ssion |ayer,

bang aneharctuding btre e catetthiayedgesiedf Ot eulpitoasd, aforalvit:y for
supporting the upper |ayer and functioning as

re€bRetOMRSbing infrared ray over the bottom layer; an upper layer of a
sandwich shape including an absorption-transmission layer having a cutting area
in the middle thereof and a bolometer layer placed both on and under the

absorption-transmission layer; and anchors positioned at the edges of the pixel for

supporting the upper layer and functioning as electrodes.
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