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BOLOVETRI C | NFRARED SENSOR HAVI NGTWO- LAYER STRUCTURE
AND METHOD FOR MANUFACTURI NG THE SAME Technical Field

woherspsesent di sclosure relates to bol onetric PaT/KR26w4/002294

sensors having a twol ayer structure and nmet hods for
manuf acturing the sane and, nore particularly, to

bol onetric infrared sensors and manufact uri ng net hods
thereof for: |rrprOV|n an absortlon rate b
spect rBEdAD IRICoH B DHBENSORIBAVING I WE-I A¥ER
ray through all4 opti cal path I ncl ud| ng cavity; and

pr eSTRUCTURE ANDOMETHODFORNMANVERACTURENGSVHE SAME
vari ous stresses due to heat by neans of: 1) nmeking a

pi xel symmetric against a diagonal |ine thereof; 2)

form ng a sandwi ch structure in an

{A19feld @ansmi ssion layer having a cutting area;
:ﬁ%ﬁ%?—rmm-n'g a buffer layer including a S|I|con
nitri d%he?f@#ent ﬁfs%i(c% PURaves o & rrr?etﬂf:? Fr g&@'hgvmg a two-

categorle rare Sensors ere err

Qﬁzagrs S I@'Wﬁ%%@n@&?uﬂ%ﬂl E%%P%an? f}ﬁ@rsq farticularly, t
éﬁfsaw&@ré’f@?ﬁ?ﬁr'c oG Casturig mehais hteeghdor:

eI ectrons of an object. The uncool ed type IR sensor

oper at #5ptvingtasc absayptine rmatd byad ispecispscopiadesighyfarhegsonantly
i nfrared absorbed in the object. The cooled type IR
sahserbinginfisdrgd cayrthroagh asédroptioal patlo inadedingeaviypand

provides | ow noises and a quick response time. There

are, hey@xafing $hy defrniiltiontcTaht Bessor tatded BPOhiecud yRSses due to
I R sensor. For exanple, liquid nitrogen tenperature,

301 mi ) WAL S S QT thror 2
?@%ﬁ[ﬁ@&fdw Hist 5t turBRf raﬂtaﬂs{ilaﬁo?lo{r&’?émfs&]%% r%asféré%a cutting

e Ccool e sSensor req

! asirea; and 3) making a buffer layer including a silicon nitride layer.

Background 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 create(\i 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 C, is required to activate the cooled type IR

sensor. The un-cooled IR sensor has a relatively low performance, but can operate

1



10

15

20

25

mainly used in a nmunitions industry. On the other
hand, the un-cooled IR sensor is nmainly produced for

WOoi20i5l03#238 pur pose. The un-cool ed type | R sensoPCTAR2004/002294

again divided into a boloneter type, a thernocouple

type, and a pyro-electric type. The pyro-electric type

| R sensor has high detectivity but | ow productivity.

I.Ln contrast to the ro-glectri.c type IR sensor, bloth .
ine mperaiyse. D thie Coolef IB saspRrayEg Reoofing process is
sensors have a relatively |lower detectjvity than that

anainkie upsd 1 anEeitipas ﬂ%@WR%ﬂgdpth@bh@ﬂ(iﬂt&ﬁ un-cooled IR sensor
productivity can be achi eved by manufacturing the IR

densinly prode¢ddeforwiviian puggaseon circuits on a single

silicon wafer (rmonolithic type). Therefore, both the

bol omeT@e r-peoleddypddRt Saisop¢ouphia divided Miteenboldgneter type, a
neet the civilian denmands. The bol oneter type IR

%ﬁéﬁﬂdcdﬁf,leegy'%%é bfid adfy26-dléotrib Yy .Smﬁm-éleé&i@rtyﬁe MRYsensor has

radiated fr n objéct, converting e absorbed

:}ﬁ%ﬁ a({e?é’cti\)gthfébﬁp O ro?iﬁ@ﬁgﬁ}l.cﬂij%ioﬁ&aétefm?ﬁ@:p?’gcﬁ-electric type IR

Ncr ease, neasuring t esl stance vari a

enerate uch thermal variatihons. Fig, .l
RS b, e ot @E LG a8 1 {8fReQlile fFpg IR sensors have a
di scl osed in U. S.. Patent . 300, 915 referred.to as .
TeRaR Cotsdptsstivigr B thel b Byroteleqtsic g AR sgBpor but high
bol onetric IR sensor 10 conprises a raised upper |ayer .
prodyetivity eaerbe aghicved byrHeanwfagiuringythe Hassasprsatogether with
surface sem conductor substrate such as a silicon
glebetiont @rcuitseors asingle sdiconheater [(mooolithib $ypeit dhheefore, both the

several conponents of an integrated circuit including

dodemster typerand tixtitherindesupleanpe ERi sensorsaneetabhatcivilian demands.
pads at the end of the x bus [i1nes. The raised upper

B boldihbted @§pd IR érsos ijdlét_@f’c@ iniftafddl @ay 6B@lerabsél*bing infrared ray

bol oneter | ayer, a second silicon nitride’l ayer

tsrgg%tgé&fa%?% BB cBNcdRefiR® th WHso bl in?4féd if® thermal energy

causing temperature increase, and measuring the resistance variation generated by
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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nitride layer. The two layers and 12 are separated by
a cavity.Iln the above-nentioned prior IR sensor, a

wourodsas4a8 probl ens exi st. For exanple, a pl uratTmR2004/002294

supporting parts are placed on the raised upper |ayer,
t hereby decreasing an entire area for absorbing the
infrared ray. Therefore, a nmaxi mum area for absorbi ng

t he infb;géed ray can be hardlgoachi eved. gore n P

No- 1015 08 40N BIOREA BEr LRoScIRnE FouemBer Of groblems exist. For

Pat ent No. 6,441,374, .and U.S. Patent No. 6, 448, 557
FeEIRiec2 PRrakplsBIDPORMRE PAEY PreRlpred A ttho mrisedaprestlayer, thereby
for inproving sensitivity and fill factor of .an IR

slagEensing ae lendise aresofamahserbing ghe dnfraradhrayh ilheré¢fage ras maximum
a method for manufacturing a bolonetric sensor with

tdre® forl abserling shdifrared rayccacbshardly athietede | ayers

including a infrared reflective |layer, and a thernal

type i KforasreBateny NéL116c299642 Kivréart Pelct®NoS 802299643 U.S. Patent
structure, respectively. However, in the

206V6 ARy ORR 1 PS] Pated! No. 6/4a%199 f@i'sc%@? IR {sehSdr raﬁg r:]t‘abricating

properties of i1nfrared sensors are use O i nprove

[ p i ri ngor
JREROR: YRRCOCHR imbidine sPSBTRE RO I FROrOPELRR Shpsop,such as a
LR,sensors provi nly.a relativel ow_absor pt.i on .
BUGRORE 3ol WiE e et melfiod dp” ApEBREHGEnE 2 bolometric
bol omet gy accqrding (o the prior art methods, an_upper .
ﬁsmora‘ﬁ@{a teq Javgrs, mpolomedric sonsos with tage {1ayss awlufmg a infrared
bottompart(i.e., cavity is formed), thereby resulting
irpfleefévedlayer, madiadhennal fype ipfsaredray tdetdctomwithR thermal separation
detrinentally affecting the characteristics of the IR

stmshire, fespeatively. such probl ens, several sol utions have
been provided. For exanple, in Korean Publication No.

2000- 4Bwiveven i Rheeabove-wichtiohbd egrideyer, Selestrical and structural
di scl osed which conprises a silicon oxy-nitride |ayer

Jrbfats U ] SEOUSENSnI afSAkTmon s Thus, i
%ﬁ)tﬁﬂb@isbﬁ{ to IR sensors designed based 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 is
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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sensor caused by reactions between vapors in the air

and the silicon oxide |ayer. In Korean Publication No.
waQoB/04u88, an bolonetric IR sensor i s di scl oBeW/KR2004/002294

3whi ch conprises a bolonetric IR sensor is disclosed

whi ch conprises a driving |ayer, a supporting |ayer, a

backi ng | ayer therebetween and an absorbing layer. In

spite of sych sol ons,_there sti] |l exist a_ nunber, of

pbwflc‘ama@%es 3 %ogqmamc IR; gemsor d#y ﬂlsws(?ée%@él ggraprises a driving

required to formthe silicon oxy-nitride |ayer and

hlasiet, aisupperdingdaystapbackisgilayerdhersbetvias mehsoopingflayer.

the upper part. In addition, the formation of the

backi ndnlspiterofasuoh scﬂqtild)msestharebokitﬂl oxiat apmombersef shordcomings. In

reduces an IR absorbing area. Disclosure of Invention

Ad&toil dadilitiynalt frecedses and rdquidttooformsthei sikEdre Bxy-Mitdide layer and
bol onmetric infrared sensor having a two | ayer

Sda Cindtedd fodva}d?‘a&tm) Cahi @ (HEPAIbAARGEA 09 th %Pgéﬁﬁaﬁt Ml addition,

obvi at es one nore problens due to limtations  and

%%Yrﬁgﬁ oF ufd b é% eﬂsdafé sQldd pal PPd&SlesPdnd reduces
R

e prese I nven pr ov
ﬁg g Eensor haV|ng a tmo Iayer structure and a

ﬁgl 85y Hﬁ%ﬂﬁ?acturlng t he same capabl e of inproving
an absorption rate by a spectroscopic design for
resonantly absorbing infrared ray, preventing the
deformation_of a sensor caused by stresses due to heat
mRiscloswre of Invertien | ayer and optimi zing the structure
of pixels. To achieve these objects and ot her
advant #gesrdinglyi, rthequresaid nogemtianh it lkireptedots @ bblonietric infrared
i nvention, as enbodi ed and broadly descri bed herein,

tfeRsor Rsdng al telytostriitond sirba atethod féf @ansRIRERIng the same that
including a Read Qut I C (hereinafter

obviates one or more problems due to limitations and disadvantages of the related

art.

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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referred to as "ROC') substrate and several pixels,
conprising: a first buffer layer on the ROC

weubsisat4e; a bottom | ayer including a refl ect PeE/KROGH002294
| ayer on the first buffer layer; a cavity for
resonantly absorbing infrared ray over thebottom
I ayer; an upper layer including a first insulating

ayer qver the cavit ond ffer | ayer on the .
it TS et dgr Mgh Al JosieR over the cavity, a
second buffer | ayer, second |nsulat|ng | ayer on the
bscand buffer dyper %@eaﬂrsamﬂﬁmgalﬁycwshol@m%w laxge onghe second
the second insulating |layer; and a unit pixel
i bufferdayer, amecond imsudatireg layef oartbhdrodomster HaydRGnd an absorption-
substrate for supporting the upper layer. In addition,
araisneissiohjleer onstheabeeyd thshjatiy lapér; alhddl @b piel including more
i ncluding an RO C substrate and several pixels,

CHRER iR 6F arkhBAY $iPd ROEC subsiatdifos
met al p|%ayer on the ROC subsgtrate S]'g)gu tlf;/gﬂ{él‘lﬁperlayer

t
e RN IS e o

R By At sy ol oS 0 YRR g o
JeRBHve. tigh Yo parha ROTN by e F5TGALY BeRBtntly absorbing

the ends of the pixel, mhereln t he second anchors
finfrarqdorryaeve thethattoss laysnn s tunper dayes duvig esymmetric structure
termnals on the RO C substrate and the di stance

rgpinstn dibgonad dinedfdhe pixel, asd heoanahors mad atbodometer layer placed
bet ween the first anchors. Mreover, still another

dhjteadn had asldee \thel db}lo@‘ﬂldnnﬂ‘rammésﬁﬁnla?ér | fnst wAchérsaind second
RO C substrate and several pixels, conprising: a

hpicherd WRICA dibfendll Ridedo eath Ehdrviit tH@EﬁHs bRYIRS RB&I tWBerein the
RO C substrate] a cavity for resonantly absorb

I SRE6RT ﬁﬂctﬁcﬁé’ faN&lor Qf %% roBE} L: écte 9&{??50(!6@ ‘?érnﬁhals on the

a sandw ch shape 1 ncl udi ng an sorp ransm s

AR NS 5t O L B P o
RS E O 2kl & shorsSSI on layer; and

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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anchors positioned at the edges of the pixel for
supporting the upper layer and functioning as

wehersisedes. Furthernore, still another object PCE/KR2004/002294

achi eved by a nmethod of fabricating an infrared sensor
conprising the steps of: formng a reflective netal
I ayer on anRO C substrate; depositi ng a sacri ficial
é{é on the reflective netal |ayer SOP coat i nlg

IG srbstratg; deposifpieen speriticn! layes Qna neﬂ@pfave mgjal layer by an
by plasma; positioning a bol oneter and an
aﬂﬁbrqmatmg andamemipyBigothe apper partt hﬁté@csamﬁ@ahllayer by plasma;
| ayer, formng via holes within the sacrificial |ayer,
tﬁmeitmﬁxogmd ebolbaieesr, layed ald @b sabsptption-tramsisissioni dayer on the
layer; filling a nmetallic material into the via holes

lsQcrBtial fiyeh %ﬁnﬁf% ﬁ'a%ilésﬂﬂﬁﬁm ekabAfivial fayeer,0f¥ iboYorR¥ter layer,
removi ng the sacriticial |ayer. Brief Description of

Itaﬂg éd?% ?@%&gﬁoﬁ gfeaﬁﬁrr{g{lsé ?ﬁ F{}fé gﬂllgaéjﬁﬁgﬁlgg grr?naté’{%alt 8o the via holes
°| | e(ﬂfeh%g dg%%%lg%ﬁtlg)g%g,r %I&ﬁi E(ggnﬁl \%{'@ﬁ %9@6%%&@0 the sacrificial

[ I | ustrate a prospective view of a bolonetric infrared
d&¥for havi ng a two-layer structure in accordance with

the prior art nethod; Fig. 2 illustrates a prospective

view of a bolometric infrared sensor having a

two-| ayer structure in accordance with an enbodi nent
BrichDegeription of thePravingsig. 3 illustrates a
cross-sectional view of the bolonetric infrared sensor

havi ndgfurthero objeyty aatir advantagdsn ofcther davertion tcant be more fully
enbodi nent of Fig. 2; Fig. 4 illustrates a prospective

\inferstbod fileh ﬂi@fdllcﬁvmgfde@&%ﬂ a&desiptionavk&yifconjunction with the
two- 1 ayer structure in accordance wth another

RO IR R g et tasP AR AR: | nvent i on;

Fig. 1 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
invention,

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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Fig. S5illustrates a cross-sectional view of the
bol onetric infrared sensor having a two-1|ayer

weRowsoBse i n accordance with the enbodi ment oPCFEIKR20647002294

Fig. 6 illustrates a prospective view of a bolonetric
infrared sensor having a two-|ayer structure in
accordance with still another enbodi nent of a present

invention; Fig. 7 illustrates.a pro ctive view qf )

t he bolflgnétlﬁuétrﬁttﬁ$ PANRIPESHNE HICWOF iaﬁgoﬁam%c p&y%rpg sensor having
structure in accordance with the enbodi mrent of Fig. 6;

R gvodayedrn stgnqtutecin aceasgangeeWithy st aapthesfembodiment of a present
bol onmetric infrared sensor having a two-|ayer

shvemtior;e i n accordance with still another enbodi nent

of the present invention; Fig. 9 illustrates a

cross-Bigct7 aiadtratee\W prexpective vidweoP e batorab@iw inffared sensor
Fig. 8 Fig. 10 illustrates a prospective view of the

b bve- 1o AARHIre A 9ekordaNdd\With th¥Rnlbddfhent of Fiﬁi 6;

structure in accordance with still another enbodi ne

of t heFi %?ﬁﬁﬁtﬁﬁ&e it J[(ﬁg r’\{bé:x*' %)ef b#ﬂﬁ?é?? 3’3’1@518%" Iirhfrared sensor

cross-sé€ctional” vi'ew a

Fig. 10; Figs. 12 through 15 .|| ustrat .

diing 2wt Bar SGpbe 57 secordnmsc TS, appiice smbpdimgent of the
bol onetric jnfrared sensor having a two-1|ayer

RIESRL JEI0Bhg the |ine A-A as shown in Fig. 8; and

Fig. 16 is a graph representing the absorption rate of =
a bol orige Piilustrdtesa soossenestonal xiewgplang the ling/ Ar-A’ as shown in Fig.
structure in accordance with the present invention.

Best node for Carrying Qut the Invention Reference

wi Il now be made in detail to the preferred

enbodi pgntl® dlustiages 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. §; 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 Carrying 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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present invention, exanples of which are illustrated
in the acconpanying draw ngs. Figs. 2 through

wOoRbusgB#@8 e prospective, cross-sectional, and POP/KR2e04#02294

of unit pixels of a bolonetric infrared sensor having
a two-layer structure in accordance wi th enbodi nents
of the present invention. In accordance w t h the
present, i nventi o the | F%sensor havi n

st ructliige ?a#eroua tl Ll bagtratgprappeetive ok 6%?"11%15% é‘“{ top views of

bottom | ayer 100, an upper |ayer 200, a cavity

tuinétr pibealseafh a3bojoraetticamdtsed spusor 4Bying|gB twipelaser structure in
404b, 404c, 404d and 405 for supporting the upper
kmyemhﬁ&@“mmhﬁnb@dﬂmmmsaﬁﬁn;ﬂaﬁmﬁmwﬂmﬁea.RC!C

substrates 101, 111, 121, 131 and 141 (hereinafter

col | eqhiacebitlaneé evittethd predént idvdntjong tlte TRisbegirihe®ing a two-layer
netal layers 102, 112, 132, and 142 (hereinafter

ﬂlfut:ﬁﬁé'a‘t’lﬁ' vhif f R oS e 1 dmprides raeBGttmﬁhl%yer 100, an upper

'ective rret [ayers 1X2 are nmade of a materi al

ﬁﬁ&%&gh By *{ﬁe&%&{z’ee@h@éﬁ Sé:} &ﬁorI' 401”4@3%)}', 404, 404b,

knéss o e re |ve met al
en 2000A apd 5000A fo and bet ween
é@gﬁ’ %@ZEA %&%ﬁi PILFUPROTINE JA© URRCEAYE 510;5rst buf f er
| ayer sho in _Figs 11) c rigi a
sili co’hlen pHORe 3(YSF NOp 1“&9&5 r%QT% {10 ﬁgi?vk@ qgﬁe 131 and
RO C substrates 1X1 and the reflective netal |aye

14 (bereinaféer collsctiwkly reliead taras. “l?ﬂé’)fandgﬁﬂWﬂfeemetal layers 102,

| ayer is capable of mnim zing the stress caused by
Hd2t 182pmmthki2 thareimmbicr cobleetivelmmreferpad to @ ‘AX2Orihereon. The
are placed at the ends of each pixel. Each of the

aeflbetive fetalo dayas E1XD drenehdervfas mhggial agbscted feom the group
caV| ty 300 between the bottom | ayer 100 and the upper

fstlﬁg%thﬁs Al Bgd ditali@n gmwtm@l&rmg Q)f]thBWfbﬁB@h\% fHBtal layer is

ept W th vacuous.” Bol ometer [ayers 202,

%ﬁgfergtﬁ§ ‘beflerf 4600 A& SR ForC P, laB8 Hetwbdn 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 (SiNy) 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 1 ym and
3 pm, 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
8
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referred to as "2X2") and absorption-transm ssion
| ayers 204, 214, 224, 234, and 244 (hereinafter

woabds@sidsgel y referred to as "2X4") are positi BOBGKR2N04/002294

the cavity 300. The boloneter |ayers 2X2 are nade of a
material selected fromthe groupconsisting of Ti, TiO
VO , and doped armrphous SI licon. The bol oneter

lz%ggiméﬁjlsérlépf x,pg% | oned@%gm%r & upﬂéer bo ﬁ%%ter layers

bol onmeter |ayers 2X2 made of Ti have a
PP eitberimasabe mositionsd omtha ng@eﬁ'/ame QOQWAIWSPeCIﬁc patterns.
1500A, and a predeterm ned area ratio (i.e., the

ﬁﬂroemimplej ﬂyaebolomnetplphiyelr%\@@ madenak ¢i anay have a predetermined
fill-factor(i.e., an effective area absorbing infrared

rtajcknesy ganl h@b&&%enmﬁbah@ M506A, hag erpredet@rmimd @ta ratio (i.e.,
Ti O may have a thi ckness between 500A and 5000A. The

b[ﬁé %6&%’[&%%1%@5 pERGS/ ] t6loRAE aNBIFRSeE( L, |éﬂ3@ﬁ'ect1ve area
have a thicknes betvveen 500A and 3000A,  and

dag)%ﬂﬁﬁg 1ﬁﬂ?fé§nkr§ﬂ Bfor8'ifish 5894, (ﬁo}r{é"ﬁg} s 2 made of TiO4

Sorp SSI1 on ayers are pOSI | one

the hgge taﬁélcgg q?ﬁtyv 5§ﬁ§raqgg¥®02§aghe Bol%me er ayers 2X2 made
a rptlont ansni ssi on I ers re-absorb rare

Ofyfqm (RRORBONT SHiePD iy BTS & (KRS dteern SHUA atid 30004, and
infrared ray reflected fromthe reflective netal |ayer
exdesignedrie make heswea wafiomarsthant80ie. t he

absorption-transm ssion | ayer 2X4. For the

r e- absbBheabsorptiondranbsission dayers 2XInarespasitidredeos thetop surface
are placed fromthe reflective netal layers 1X2 at a

difstlenagppef 1aye( 200t e ordert tal improstetigt hbsdrptiohr est€dHere, the
to be detected) in order to nmake the infrared ray

afp3BFIRMA-hhdthilsibhCla5 R tﬂ(@%—abﬂ%b mfrared ray by the destructive

absorption-transm ssion |layers 2X4 preferably conprise

?nﬁ?f&eﬁéﬁ%b&?ﬁgﬁ tﬁgéjm&“{]agg% H(}fre@{egfé‘a 1£0R5thE ke AltRle rbtal layer 1X2
@?{Aﬂ% %%At(gans%| Sssrlm ng Zﬁ{e a sgr);gét]ioln-strepl{s%{igsrigg lleear%&. For the

re-absorption, the absorption-transmission layers 2X4 are placed from the
reflective metal layers 1X2 at a distance of A/4(A: 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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for Ti or TiN, and between 2 A and 200A for Cr. In
addition, a first insulating |ayer may be positioned

wandero3sae bol oneter |ayers 2X2. A second i nsubParikr2004/002294

| ayer and a second buffer |ayer may be pl aced between
the bol oneter |ayers 2X2 and the
absorption-transm ssion |ayers 2X4. Here, the first

and second insul atingl ayer.s are preferably made of .
dayers gie Oetrsally; magle O%Vh%{lg‘éfé %&$to3- ﬂﬁyeﬁeCP@. buffer layer is
preferably made of a material conprising silicon

pireferatdy nade ofpporatérial eonyuding silicon nitdideahhe nppettayen200 may
cut for thermal insulation and an etching hole for

fieclude ng ssukgsscudfor fhermiahnsultetioraand ywn 3@€Ehingdobe dbr reducing
the thermal tinme constant of layers constituting a
WirehsaRi atf ffnihd €hd Bavwiens300. Eachvof fihé thbfe ¢ime constant of layers

preferably between 2nsec and 5nmsec. Here, the thernal
t : t ol S j t : n
RGERR, 8¢ ApL0 S 1DSTR! QARR 1O LIS S PREBly berween

RS B4 S PRChRE: BEICRE ETREE S i i for e R
el 0L b 310 RS e e bR e and an
di fference between two _consecutive pi ctair,es is long

tipersaseshsmpperatise o dhedR senser. cbhes thgsmal fisne &oa%tamegsgcalculated

than 33nmsec to prevent afterimges in human eyes.

tasedf oar | ther efquatiod conpoedsadntas ofthemmalpriémentconstant = heat
invention wll be described in detail with reference
toapacicotheampal rgnduoetivitgs . IfReftane| differendel bstweZnatwlo consecutive
a bolonetric IR sensor having a two-layer structure

GROMEdsS BS Ichgeptthain33aset, U thathaliae dongeint 306uldaBd less than
a cavity 300 therebetween. The upper |ayer 200

PALRLS ol AchiRBAN] Rimbgges. 201 for el ectronic

insulation, a bolone ayer : 2'the_reon wth a
oSG, DPAREe4C AT SY  hL RER vau ve
l(ﬁeggrribed 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 pm. In

addition, insulation cuts for thermal insulation are positioned on the upper layer
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202, and an absorption-transm ssion |ayer 204 on the
second insul ating |ayer 203. Etching holes, which

woedisna42as etching tinme, and relieve the physi eai/KrR2004/002294

stress of a unit pixel, are positioned on the upper
| ayer 200 with a dianmeter less than 5 m. In addition,
insulation cuts for thermal insulation are positioned

on t he upper yer 10200 wi.t h wi dth | ess than 5 nm

T4 Wﬂ’sgp‘é{ ge%ﬂm ﬁé@rw‘éﬁiﬁrﬁrﬂt #pdr secpad dnsulating layers have a
t hi ckness rangi ng between 3 A and 1500A and are madeof
sthigkness raniging bmep.wﬁaeambl and|asy sradeofsHigoadoxide (SiO,).
with a "s" pattern and its width is between 3 nmand 9

mm ThEhe bolcanefot bayenisshaped witlya t“f” ipattormeamat ith swidth is between
202 to anchor 401 is between 5 mmand 10 nm The

aba@raid Onmi. rERS Réciargutar mgoﬂﬁﬂgltﬁc rBlémefer Tay¥ 202 a0 anchor
t hi ckness rangi ng between 40A and 7 A. Next, reterring

LR Figetvieetnd (mx59m YRACIO [y ED uﬁOQ‘hefalﬁBfﬁtﬂﬁf-transmission layer

bol'ometric IR sensor having a two-1ayer structure

[
BT b st B¢ PN BlekriChanety h@heen 404 apd 108, o g
as elegtrodes 402 and connecting the bott | gyer .10 .
o th CNERGaEEriG Ja T ian0 At 1l uaps: [t D STARetig bolometric
thermal ipsulation. Both the bol oneter |ayer 212 and
thie SEB¥Sr BEYI8t ¢ ayeT SHUCRYE rcomurisgseaphalometrebaysh 212, an
the entire part of the upper |ayer 200. The bol oneter
| abperption-pargnaisatony layet el 19 anshers dwictisiniog asi electwades 402 and
Next, referring Figs. 6 and 7, an upper |ayer 200 of
staninkectamg theebotbarh dagdrr 100 with thesppehlayen?06, dandonkagtion cuts 216
structure conprises a first insulating |ayer 220, a
sfog ottéripdf fiasulatival Bath therdometd l@ydpoRoPesgd thay @bsorption-
222. Here, the first insulating layer is preferably

OX . .

Stk%ﬂssgrﬁzél‘m% 19$er(23143a}e g’bﬁlﬂoﬁed CHHRESTirE 39t B ¢ h}g@ﬁ;layer 200.

he second buffer [ayer 221°1s prefer
e el Ay : . (SN
VAo Glopfu P L Sl RAY S0 Gl pEIAGL 165" )

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 pm. The second buffer layer 221 is preferably made of a
material comprising silicon nitreide (SiN,) with a thickness between 0.240.05 {4,
The bolometer layer 222 on the top of the second buffer layer is preferably made
of a material comprising Ti or TiOy (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
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The bol oneter |ayer 222 on the top of the second
buffer layer is preferably nade of a materi al

woanpriss4sg Ti or TiO (x=l to 3). The bol onet ePCI/ayR2004/002294

has a thi ckness rangi ng between 300A and 1500A for Ti,
and between 500A and 5000A for TiO. In order to
relieve stress, the fi rst i nsul ati ng | ayer and the

secaond buffe Iay Iternat and re .

B8 dtlomivise: ke 23 ot 8 RbsyertoFaspsis GReEy 224 is placed
second insulating | ayer made of S|I|con OXIde 223 is

ftheteen. htsuhaﬂon@@%(rméh@wnb ayectored ondhg upper layer 200.
absorption-transmnission |ayer 224 is placed thereon.

| nsul aNexp refatring tooFigsh 8vamd %z cifoss-sectianal view abgreg the line A-A
| ayer 200. Next, referring to Figs. 8 and 9 (a
Qfsoﬁﬁ}vﬁeﬁﬁlfﬁgal& heWpplep igydrh200 iofiestidt Ahother Hodomeiric IR sensor
Fig. 8), an upper layer 200 of still another

SR S o i o
ERPHER SN TS, BT M3 e S
AL TR &?' VB Al e
L o8 S RSB

and efficientl detectlng infrared ray. Furtherm)r

tlnegerpean ithg efistanee | hrtweer sseeordi anghesy dP4g3and o404d therefore
renmovi ng a sacrificial l|ayer(not shown) and insul ation
affectively arteefifiwientlysddtectingninfined saye Fudtharmore, theiogper layer 200
and 404d not only support the upper |ayer 200, but

ahekudss rettliiageholek y23 3infor | @madng| ® slacrifietal clayegndiedhown) and
to read access termnals on an RO C substrate. A cross

Siﬁ@ﬁlhﬁ&ﬂ cutsi foyifiraiag 1ﬁdﬂ@atidm ThB-sBcond aE¢m>rs 4046 ﬁhd 404d not only
s hown) is identical to the Fig. 9 except that the

ggbrtaﬂfeh ﬁf)?edf%feraﬁdo 484p @s‘@ sﬂﬁhlt?ﬁéeliﬁggﬁper t‘?oﬂ RS electrodes

access rmnals. ’In a tion ayer

ch)glélgat%d rr%!l‘cf Ew&%g ?eﬂrﬁ?lgisaéd o ﬂ@ﬁ? rsﬁbs%atg.uﬂc%ss sectional view

along 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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on and/ or under the bol oneter |ayer 232. The bol oneter
| ayer 232 is made of N type or type doped anorphous

weoizbismas4sand preferably has a thickness rangi ngChatR2e& 002294

500A and 3000A. Finally, referring to Figs. 10 and (a
cross-sectional view along the line CC as shown in
Fig. 10), an upper layer 200 of still another

ol ogretri c IR sensor havjng,a two-|ayer. structure
Ehootlr dherimg) TapURion pisnplepeth Ot ety Bhbs ok i anchors 405. Tn
bol oneter | ayers 242 both thereon and thereunder. A
auptiohart apethod for fapricatingpn IR sersos tgl abserptipetransmission layer
absorption-transni ssion |ayer 244. Insulation cuts
1Myl befaxpandet bulheahdutingiaotheamel fresimaghton addition, thermal stress
circunference of the anchors 405. In a prior art

beded &y bpérationd ingy de appliehswithe tupper layer 200 including the
absorption-transnm ssion |ayer may be expanded by heat

KB bAoA - {rRiBSioh N89érTSukh ProbRASH hia9 caukdthéeformation of the

stress generated by operations nmay be applied to the

. . - e .
HEE 1932t 20O BRI o106 BRIRKRbARY CFRETIC FALAL However,
u [ hayer 200 or..detrj,nental Ly affect the

ABRRRE B RESprE Ace el I anindoation. shOf piotiggms are solved by
sensqrs accoy di to the present invention, suc

OB aR Samehash sbaps praBisE HaEts S ARG LFE A2 are placed on
structure where bol oneter |ayers 242 are placed on_and .
wadevndasethghalbnosptionrinansmessians layer | 2472 rFaymstange, if compressive
instance, if conpressive stress and/or tensile stress

atress sndippkénsietstresmareds applindto the dslitheether bolapwter layers 242

242 or the absorption-transm ssion |ayer 244, the

santelabborphioparaismisdion dayaddf ftlsetartdveichisheps sttucture can offset
preventing the deformati on of the upper |ayer 200.

'Yhé 8B¢Sdes, PRAentih® the|dRFoMaatibn6f th! 8pfer RREr 200 "MBIe6ver, heat
generated during a process for formng the cavity 300

TRl GRESE 1 HELF IR} ool pacfotgid romine
ttﬂg rcg\k/)%y 306 a&lg}p gn(;rga%esfﬁire %rsn'pe;'ral%ﬁre of the ROIC substrate 141 and may
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 |l ayer 200 can be relieved fromthe stress by the
sandwi ch shape structure and the cutting area 247. The

weoeamwseas shape structure is al so abl e to redueeThk®Rano4/002294

|l oss. In particular, destructive interferences

occurring in the absorption-transm ssion |ayer 244

| ead to absorb infrared ray. The heat is then
transferred, t hrough, the bol onpter | ayers 242. Hence, .

t he séﬂmeéw@mp% the polomgter laysr Bﬂge%ﬂ?teﬁﬁglq#éai the;saiting area
occurring via the absorption-transm ssion |ayer 244,

247t dxsluding the nbsoptionritpnsmission tayer 244 Thusedthe essistance of the
absorption-transmi ssion | ayer 244 repl aces the

fbohmheien lajert D42 @ecdinafiernmdfered do aef‘REYiin galdudated rassBx(L/W)
in prior arts, increasing an effective fill factor and

(epued e wiih9fahe %uttihgTzii'Ea Pg9] swangaheferigdik diahe phietrand “R,”
l'ayer 242 is determined by the cutting area 247

?ﬁ ghé@iir_egsfaheeeﬁgsgoggbraﬁid RO ThifiebR Wikt ¥ ahickfdss dNP600A is 10

e resistanc e bol oneter layer 242(hereinafter
ref eg t " R ksl I L N B
Rt B naiLyis s Pt KaPh gt g et 5 smilfer than the
of .t he pixel, .and "R | heet [ : R qf.
it BRet oYt of frieraft 1 el PI0BERRN; 188 thin layer of
ohmD, if Lis 2 mmandWjs {0 il be_400koh
epew Fasisiinnq TaAYy PRAATRSHbY adIusial e %luﬁé&%g&o? "
prior art (i.e., about 500kohm). Thus, a thin |ayer of
desi r elis bridges 2H2 fommed by theinsulation aus 446 argygethiag narrower and
value of L/W As bridges 249 forned by the insulation

donger2¢ermabslyat tffoct may inweaseabfbweveyethe widi(tpand length of the
short effect may increase. However, the width(t) and

Iberigel 240 $Homld bedditernBin8d iy i chasidetadon oted safessupport of the
consi deration of a safe support of the upper |ayer 0

i t1i i YA |
ke s e g aopl e S 5501, e

"Il D4h R Radi™h A0/ PAngE tRiween 1.5 ¢m and 5 m, and a

length ranging between 4 ym and 35 pm.

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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| ength rangi ng between 4 mMmm and 35 nm |n addtion, the
bol onetric IR sensor having a two-|ayer structure

wehowv3szasFi gs. 10 and 11 nmay have a synmetri CPCT/KR2004/002294

structure(i.e., butterfly shape) as depicted in Fig.

8. In detail, the bolonmetric IR sensor can include the

upper |ayer having the sandwi ch shape structure with a
cutting area along with a diagonal |ine of the_ pixel ]
and hakEregltenestepmeles precess forctabrisatips ahalomgtric IR sensor having
di agonal line of the pixel. Here, anchors conprise

fa tvwo-larer Istrustuae svildwodescribedinx detailhwith refereredhdiigs. 12 through
and the second anchors diagonally face to each other
at5(truss-gociioredl vidves alonglthe Tine AsAL sinswa e Fgg.B)f unct i on

as el ectrodes connected to read access term nals on an

RO C SR@E:Hiﬂ%eto Hig, dixst ANCROPE! ¥ERfratd €1 LGABRding read access
anchors i s shorter than that between the first

f t r ;
rSfifllals bR B8 hEbarcd SHRsucRU P! PIRERDAS Hads 135, and rofloctive
str ure whl |l be described in detail.with reference
CIRCUAT SAYF 192, dre SfeREited bY Sk Qutiitrio, PE ol inSiBesses, and
line A-A', sho i.n Fig. 8). ferring.to Fig. 12, an . ]
aterissh A PEduEeer Ienéh may bs ToBRad00 sS4t mifh pepitating pixels
thereon is prepared. Subsequent‘l?ﬁ, el ectrode pads 135
drforcetheeeleriyadenpads 13ayand sy reftectiyepostal dayesy 134 et patterned.
deposition or sputtering processes, and patterned. A

fiersy theufifsé buffay kayerisymbéde 66a meatetial-conmriding silipoandtride.
separating pixels before the el ectrode pads 135 and

t he ref Nest,i weferriiglto | Biger13]132 sacdfiphil tlayee350Hy ¢ormed on the
the first buffer layer is nade of a materi al

C @BRUliing Suétutd &AM tHY {op tB8reoNBSDDL i§ 8ERO6VEDBy ladplhéifa etching. The
13, a sacrificial layer 350 is forned on the resulting

SoAEhUE 1970 348 i Rysels PSR SYS i 35 m by
t Q'ogéxrfge P (Ergglgiicnt%h? ?a{y\'é?&pg.PA%@ﬁE‘i@ 1313 ﬂnol%)i{oneywell) through
an SOP(Spin On Polymer) process. In methods 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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coating an organic thin layer(e.g., ACCUFLO 1513 EL of
Honeywel I ) through an SOP(Spin On Pol yner) process. In

woridsode48f prior art, the SOP process | eaves PCAERA002294

a spin coating on the surface of the sacrificial |ayer

350. Even after later processes for formng a

bol oneter | ayer(not shown) and renoving the

sacrificial layer are conpleted, the traces wl| |

r dinei bolometerelayer 232 isupreserabbf mads obrihet en Naype or a P type
| eading to deformthe bol onmeter |ayer. To solve such a
panisrphousssilidpivithrathisknes s danging betweent 09 A apd 3000Ae
sacrificial |ayer 350b by a thickness between | OOA and

2000A Tige g4 itRl€s shdefsaktionubsedaenpreferabtyf dofmed By a plasma
Fig. 14, a bolonmeter |ayer 232 is fornmed on the

SABHihE With! a |0aY el R fr @i mn%lﬁggﬁéggmg bﬁf@r\fg, SSHPY and Ar.

| ayer =234 is deposited on the [ ayer. a

h : : ' I d
RO RERRR IRl sH0% e} SR et ol oo under
B Sefmster Tnfir A7 Lo, Rl of TiHoIPUELE fysr Smade of siticon
ot B o r b ot e33R oot Fyiping v
with a thickness ranging between 500A and 3000A. The

whade of edicononitnide can ibsnfosmed betwepn dhebalsimeten laysd 23 and the

a plasma etching with a gas selected fromthe group
abserptionAgamsimiS¥ion 1@yeB 234 dthtoughiddplasoraabnharwel achiemgical vapor
| ayers(not shown) nmay be directly fornmed on and/or

uiepesitiong PEO DY pescekayer 232. For exanple, a first
insul ating |l ayer made of silicon oxide can be forned

under t@@o&g{l&ﬁ}t Slefért®! 1?33, 19 daem3BERe qn%t@ﬁﬂi bt RBntacts is

| ayer made of siTicon nitride can be fornmed between

ATt ST vl B oo e 10 fom, AR 145 gnd 404 also
efﬁplgtrllgrﬁgg Calgee .egt?(l)devs? e éja%?ﬁisciie{li 1%.9’61( ?E@/ E)g then fémoved to form a
cavity 300 by an O, plasma etching.

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 7 ym to 14 ym.

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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Subsequently, referring to Fig. 15, a netallic
material for contacts is filled into the via holes and

woabtdsassas t o form anchors 404c and 404d al so PCT/KR2004/002294

functioning as el ectrodes. The sacrificial |ayer 350a

is then renoved to forma cavity 300 by an O plasma

etching. Fig. illustrates the sinulation result of an
absorptjon rate of the bglonetric | R sensor having a

tzm%paSy ctahing: ther sacificiad deyers e frmmg ﬁ@%f’&%ﬂe‘?ﬁt’ using exposed
invention. The absorption rate is nore than 95% at a

sy far anehesseangd forpfing afoaxity dymramovinghe sacrificipd layer.

Above described herein, the present invention provides

one enHert, ntret stdp afntotmidgl die fabizoiptam-trgnsnission layer can be
bol ometric IR sensor having a two-layer structure

GeeFfrddndl thb endtehs fabricafing Process OPbRSkaglds thNpredent invention
reflective netal |ayer on an RO C substrate; formng a

Sirovides Gndther BBodihet 0@9?}1&‘%@ f’&? f%x‘?&%ﬁ% a Bﬁfgg’(ﬁé&fig IR sensor

t'he upper part of the sacriticial Tayer by~a p

ol : i .| d .
S il P R SO 8 S Torming st pacs and o
RS A AR B Mgl b e Bt by am s
anchors; and formng a cavity by rg;{gvi ng .t.he

.L.h
Loating; progess; Jemoving the upper Pagh obrthe sagsikigial dayer by a plasma

absorption-transmi ssion |ayer can be performed at the

efiehing; aferatngcat | belopredereskyeropnextheplisacrifitiel playsent exposing
i nvention provides anot her enbodi nent of a nethod for
frabdéterhineg patts| doretanichotsR tyeretchinpgavhegsaarifioial | fayer; forming
structure conprising the steps of: form ng contact

rekstraded by nighg ekpoyed patsefor aneRors? And Foffeig a cavity by removing
substrate; formng a sacrificial |ayer by an SOP

Qﬁékbé}ﬁ)ﬁﬁbpfa?éé :anﬁggﬁgi% %‘sjsog@?ﬁ{-tﬁﬁg iRfont BFer.

sacrificial Tayer ching; formng a

bol omepgl @k6hs 98r FFiAARE' iHeClifseh@iChavifil PP¥WBYayer structure

according to the present 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.
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predeterm ned parts for anchors by etching the
sacrificial layer; formng el ectrodes by using exposed

woaoispsiag anchors; and formng a cavity by reRrOViIKR2004/002294

the sacrificial layer; and formng an
absorption-transm ssion |ayer. The methods for
fabricating the IR sensor having a two-1layer structure

ccording to_the present invention are enbodi ed and
aﬂéﬂﬁﬁ)ﬂﬁ@ﬂw&\“h Fig.8 and Fig. 9. However, the

met hods for fabricating IR sensor may be al so appl I ed
t o t heAeedrdinglybibigi brdametris fpired isetSors Iaving aawo-layer structure
through 11 without difficulties. Therefore, the
dawdathie e etheds rafpnamniactuinghthe fsahe carsisientmwithasmbodiments of the
t he ot her enbodinents are omtted. Although certain

epraganlt Einvehlion Sare 2upabES WE ﬂﬂ}%‘o&[ﬂg GhesinGarétp absaptivherate and
have been descrlbed her ei n, scope of coverage of

t il ghpat g"che ﬁaﬂiﬂ&cthhﬁg ggcésg SV#h Qs @Etngk?o QgéﬁfaX Moreover,

nt covers all t hods, apparat us t|c
ocfxg e@'ﬂ;) éﬁ‘féjfrﬁ're{réﬂr hﬂscfr? {1 ear%g ahgéﬁ %lﬂ{]d gr}es ?ﬁe@g vteﬁﬁon can be

| ents. | tri.al. a
opfAbIEdpyione e (R ﬁg%y%ﬂwawwscta such as a
two-J] ayer strugcture and .the nmethods of manufacturjng
e féaénileka?@. SHOTKIRE HO G BTN 280 Junfe mglatsgmons in a car,
i nvention are capable of inproving the infrared
awseridancen semesannriite cirguihgbeard raadufwiefers. i Hgrthermore, the
process with a spectroscopi c approach. Moreover, the
ol omretrid infraréd aessbrs ém aocardanceawdir tﬂmrmesm’ttihvetﬂtk)n can be also
present invention can be applicable to non-contact

licgbie 36 invilitayadsvicd Quich dsHunda teabperatire 6lisios dﬁe{gn%tors night
a fire hat, helnets for working in a nmanhol e and

tﬁﬂBﬁ'scoﬂééler drSbiil Swdapods Cﬁ’i ht 9P h#t@i'ﬂcﬁ)r%ﬁﬁ sea shores
printed circuit board and vvaf rs. Furthernore

and guard posts.
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bol ometric infrared sensors in accordance with the

present invention can be also applicable to mlitary
wdevispa4=sich as human tenperature vision di agnBeTmRN04/002294

ni ght vision scopes for personal weapons, night vision

system for watching sea shores and guard posts. 18What

Is Clainmed Is: 1. An infrared sensor including an ROC

st rIat and_several pixels, conprising: a first
M@#&Lﬂiu €@AS% he RO C substrate; a bottom | ayer
including a reflective metal |ayer on the first buffer
| ayer; a bafniipfrerad sensenineludingasoR QG substrater al seweral pixels,
over the bottom | ayer; an upper layer including a
féansprisingul ati ng | ayer over the cavity, a second
buffer layer on the first insulating | ayer, a

bol onet era figstduffen liyee onethe ROIU filstrakdlyer, a second
insulating |ayer on the bol onmeter |ayer and an

5 absorpti oNtboRBAMHRE GAchANSS aCrefidtfve §hoMH léﬁ%lg:tﬁ@ irst buffer

| ayer; and a unit “pi xel supporting the upper |
ilg%éludi ng nore than a pair of anchors on the ROC
subsfrate for. 2. An infrared sensor including an ROC

substrate and, sgveral pixels, . .conprdsing: a boft

| ayer inc? WIWgﬁ’g rp%ofqaﬁtl iabﬁom% nf*agg@?ayoﬂvqr&ée E&t@n layer;
substrate; a cavity for rgsonanily.absorbing infrared .
ray over #th&PBek { g}din&rﬁ E’%ﬁeinslu g byeg over the cavity, a

sandw ch _shape i ncl udi ng. an_apsorptiontransm ssi on
second buffer layer on the first insulating layer, a bolometer layer on the second

10 buffer layer, a second insulating layer on the bolometer layer and an absorption-
transmission layer on the second insulating layer; and
a unit pixel supporting the upper layer including more than a pair of

anchors on the ROIC substrate for.

15 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;

20 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.

25
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| ayer having a cutting area in the mddle thereof and
a bol oneter |ayer placed both on and under the

wahewrops248n-t r ansmi ssi on | ayer; and anchors poBCTIKR26@#/002294

at the edges of the pixel for supporting the upper
| ayer and functioning as el ectrodes. 193. The infrared
sensors as defined by claim1l or claim2, wherein the

upper | aygr..has symetric structure ai pst a, .

o bgonar B RBE Srftail STt ascdtiieddos o L ok iim 2ewherein the
first anchors and second anchors which diagonally face
{YPREA LAY B HIRE @ B HiGsigactire 4gaén§ii@<@uagowlgm of theepixel, and the
second anchors function as el ectrodes connected to
rafishotrceqmprise finst machorsrandnsecrail @nshdrstwhich diagbridlly face to each
di stance between the second anchors is shorter than

téther bietheeamlstdfethtipizel, avicheinsthe 4ecdit ahéHorafection as electrodes
sensors as defined by claiml1l or claim?2, wherein the

diosinecled hetrvdEractdy kahAnEsesn |A¥EROICD siib8rate and the distance
absorption-transm ssion layer is I/4. 5. The infrare

SRAFeEn e $4Rb] \dher LS
PR pen B GRbMdHciR B AT i f Ben b T hors.
6. The infrared sensor as defined by claim1, wherein

the first and the second buffer layers are nade of a
mat eri al rising,silicon njtride. 7. The infrared .
sensor as‘ﬁgﬂ)q H@W%Q SSPS@.ﬂrﬁwai,de\%\‘H‘F@a &ynd?ﬂ@ k or glaimy wherein the
§Fﬁcond | nsul atgg :ayers are made of silicon oxide. 8.

Hanes petwegn & cler lawen adhthgyabspeptionstransmaissiomlayer is A/4.
wherein the reflective netal |ayer conprises a
mat eri al selected fromthe group consisting of Ti and

Al. 9. The infrared sensors as defined by claim1l or

clai m 2, Mwfdrecinfrardbsdmsbo apdefinedpgrclditm PpALtHRE cOmprising a first
materi al selected fromthe group consisting of Ti,

buffer layer under the reflective metal layer.

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, wherein the

bolometer layer is made of a material selected from the group consisting of Ti,
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20Ti O, VO and doped anorphous silicon. 10. The
infrared sensors as defined by claim1 or claim 2,

wohers@ss48 he absorption-transm ssion |ayer is pam&R20042002294

mat eri al selected fromthe group consisting of Ti, TiN
and Cr. 11. The infrared sensor as defined by claim
10, wherein the absorption-transm ssion |ayer has a

t hi ckness r.angi ng bet ween ﬁ A and 100A for Ti or TiN,
T2 D ward dopad AMPrpes $I6FO%k . 12, A net hod of

fabricating an infrared sensor conprising the steps

of: formng a reflective netal |ayer on an ROC

substrate; depositing a sacrificial layer on the )
refl ecti 6. The ahfrimdesenbors as defined dt ¢lagn drer ¢laim 2, mdherein the
t he upper part of the sacrificial |ayer by plasns;

FoSUrpliGLtRAasmiRP Ry id avle ofich amterial selected from the group
absorption-transni ssion | ayer on the sacrificial

%ﬁﬁéﬁ%gféoﬁfé?}érqgﬁq\gna@pl es within the sacrificial |ayer,

ayer, and the absorption-transn ssion
layer; filling a netallic material into the via holes
to make anchors as el ectrodes; and formng a cavity by

renovi ng .t h acrificial |ayer. Th fi :

by cl ai mIEQ?Taﬁelrnéﬁﬁe he®E8E r 15 i‘i‘??fg}edI go))};fél{ﬁgrg r gﬁ’ov‘g%&em the
by an O plasma ash|ng process, 2114. Th t ho
a%wrﬁaan*égﬁnémsmq Ly ?éitﬁlﬁss%rﬁag}n%i%‘? c§ (}t%eand 100A for
sacrificial layer is rem)v&g by plasma using anAxl O

Faser TS, amkhbetwisen 38 Adand RRGAHYT Etai m 14, wherein the

t hi ckness of the

12. A method of fabricating an infrared sensor comprising the steps of:

forming a reflective metal layer on an ROIC substrate;

depositing a sacrificial layer on the reflective 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 is

removed by an O, plasma ashing process.
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sacrificial layer renoved is between | OOA and 2000A.
16. The net hod defined by claim 12, wherein the

woabmeias | ayer is nade of a material sel ect eBCT/KRIN04/002294

the group consisting of Ti, TiO, VO, and doped
anor phous silicon. 17. The nethod defined by claim 12,
wherein the absorptiontransm ssion |ayer is nade of a

mat eri al selected fr he, group. consi stin f Ti, TiN

and G 18 Tierirghobdefned heacBibel 4 Whatn e PRber Dart of the
the _absorptiontransnission |ayer has a thickness

saeriiieigl lyenisaismovad byplagraa psinggn /OpigRs. and bet ween

20A and 200A for Cr. 19. The nethod defined by claim

12, wherein the formation of the via holes is

performed by a plasma etching using a gas sel ected
from t he g dlipe awthod tdefimedf byCredainCHAE3 velrateifyr the2thickness of the

sacrificial layer removed is between 100A and 2000A.

16. The method defined by claim 12, wherein the bolometer layer is
made of a material selected from the group consisting of Ti, TiO,, VO, and

doped amorphous silicon.

17. The method defined by claim 12, wherein the absorption-
transmission 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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