Hol low Di el ectric for Image Sensor TECHN CAL FI ELD .[0001] The present
invention relates generally to the manufacturing of sem conductor devices,
and nore particularly to the fabrication of sem conductor devices with
integrated i mage sensors. BACKGROUND [ 00021 Optical electronics are used

many consuner el ectroni ( CtS...such-as digi caneras, fax machines,
scanners, security and ﬁ?@%&ﬁ?@&%“@ﬁﬁﬁi&&g@pﬁé@al conputer (PC
canmeras, cancorders, nobile phones, personal digital assistants (PDAs) and
toys, as exanples. -Sonme optical electronics utilize inmage sensors that are
f abri cattegrphC AL FEEITonduct or substrate, wth logic circuitry and support

circuitry being formed on the sane substrate. For exanple, one such
integrated i mage sensor device is a conplenentary netal oxide semn conduct or
(CVOS) [Pifdbe sEwposentinveriipnacletds penaghy sethe menuediirod o1 sepiadndpctebnpri se an
array of sensors formed proximate digital integrated circuit devices which
may i ncldddiess| M@ntoreparildls fo tht FabRshtihef ssmissiductot dteiceseith neegeaaiioneat s.

[ 0003] A problemw th i mage sensors formed on the same seni conduct or

substr at logic. and other circuitry is that several |ayers of
dielectric material are deposited over the image sensor, The dielectric
material | ayers decrease the sensitivity of the sensor, resulting in a
decrease in the amount of |ight or energy sensed by the sensor, which

degr adesBADEGROOBITL i vity of

[0002] Optical electronics are used many consumer electronics products, such as digital
cameras, fax machines, sca:nners; security and sﬁrveillance canieras, personal computer (PC)
cameras, camcorders, mobﬂe pﬁoﬁes, personal digital assistants (PDAs) and toys, aé exa;nples.
Some optical electronics utiﬁze image sensors thﬁt are fabricated on a semiconductor substrate,
with logic circuitry and support circuitry being fofmed on the same substrate. For example, one
such 'mtégrated irhagc senéor de\-.rice isa comp_lcmentary metal oxide semiconductor (CMQS)
image sensor. Integrated image schsof devjces usually comprise an array of sensors formed
proximate digital integrated circuit devices which may include logic circuits, transistors, and

~ other active components.

[0603] A problem with image sensors formed on the same semiconductor substrate as logic
and other circuitry is that several layers of dielectric material are deposited over the image
- sensor. The dielectric material layers decrease the sensitivity of'the sensor, resulting in a

~ decrease in the amount of light or energy sensed by the sensor, which degrades the sensitivity of

the sensor.



the sensor. -1 (00041 Therefore, what is needed in the art is an inproved
CMOS i mage sensor design and nethod of fabrication thereof that results in
i ncreased sensitivity of the sensor. -2 SUMVARY OF THE | NVENTI ON [ 0005]
These and ot her problens are generally solved or circunvented, and

techni ca va a s ar ner.al | [ el pts of

t he preshwpgfnve at%ﬁpm%ﬁuz%agﬁQg§¥§%bv<%g?%glﬁléfgﬁﬁgggﬂghs is
formed over a sensor,of a m conduct or Vi ce, tting nore light or
ener gy t@eﬂ’@ééﬁf@ﬂ%ﬂ@%%@t@?‘% WBS“II%%IIHFIF% ?%S’gvgg?égérsewoﬁh i ncr eased
sensitivity.: A plurality of apertures is forned in at |east one first

i nsul ati ng | ayer disposed over the sensor, -and a second insulating |ayer
is deposited over the apertures and the at |east one first insulating

| ayer, encapsulating the apertures and creating holl ow regi ons over the
sensor beneath the second insulating |ayer and within the at | east one
first insulating |ayer. [00061 In accordance with a preferred enbodi nent of
t he' present invention, a sem conductor device includes a workpiece having
a first region and a second region, and a sensor being fornmed in the first
region. At least one first insulating layer is disposed over the .sensor in
the first region. The at |least one first insulating |ayer is al so disposed
over-the second region. A plurality. O apertures is forned in each at

| east. one insulating | ayer over the sensor. A




second insulating layer is disposed over the at |least one first insulating
| ayer and the plurality of apertures in the at |east one first insulating
| ayer. Each aperture forns a holl ow regi on beneath' the second insulating

| ayer within the at |east one first insulating layer. [0007] In accordance
wi th. another. preferred enbodi nent of the 'present invention, -a nethod of
manuf act GUMMARY SETIEB RIVENOIONIevi ce i ncl udes provi ding a workpi ece, the
wor kpi ece including a first region and a second region. A sensor is forned
in the first, region, and at | east one first.insulating layer is formed
over the f@@ﬁ]sor iDASCrE ofbey Rigbleratre gerarally sateed drhirceeented, mdgichfical A
plurality of apertures is fornmed in each at |east one insulating |ayer over

t he sens@fvaniagssetseenerally dchisutdaby mefehay &hbddsmdr@ Sras: YEht ﬁﬁ%ﬁ@ﬁ ih GAfkL one
first insulating layer and the plurality of apertures in the at |east one

first i nadlieddeing Gatity |.ow regi on. beneat h the
second insul ating %ye?wﬁ%ﬁﬁptﬁﬁg%@e{ ge)%es Orﬁﬁgg‘%:ﬂ“?%l}duﬁ%s Vi BRI tRGe |
[ 0005] 1n Aace 1 th.yet another preferred enbodi nent. of the present
[ nvent | oS HAREE W A e B30 retliae§ esomior Kigh GcambsPmg ast b ot
regi on.aﬁf ﬁ s(gfcond region, with a sensor being fornmed in the first
regi on. AMFELIAPGHEesAs ogmed ingtleat prgfirbtapmatating layersiingoed oecthe bddgor, g@NSOr i n
the first region and is disposed over the second region, the at |-east one
first ingupcnd meplatingyayer haviosigedaovihhe kesss aﬂdﬂ&l@ﬁﬂeﬁﬂgﬁetﬁst%ﬁﬂ@ ?;ﬁ@led in
the at least one first insulating layer in the second region of “tHe”’ '
wor kpi ecencafsuititlg e iabattueds 280 SE A l.s_for il,n each, at ast .one

i DR o S e b s ok S

i nsul ating [ayer over the sensor regl

ext endi NG hREQUGL: L0 DL GKRESS one first insulating layer.

[0006]  Inaccordance with a preferred embodiment of the present invention, a

- semiconductor device includes a workpiece having a first region an(i a second region, and a -
sensor being formed in the first re glon. At least one first insulating layer is disposed over the
sensor in the first region. The af least one first insulating layer is ais’o disposed overthe secoﬁd
region. A plurality.of apertures is formed in each at least one insulating layer over the sénsdr. A
sécond insulatiﬁg layer is dispdsed_over the at least one first insulating layer and the ﬂurality of
aperfures in the at least one ﬁrgt nsulating layer. Each aperture forims a hollow region beneath-

the second insulating laygr within the at least one first insulating layer.

. [0007] | In accordance with- another‘ preferred embodimcnt of the 'presenf invention, a method
- of manufactoring g semiconductor device includes providing a workpiece, the Wofkpiece

including a first region and a second region. A sensor is formed in the first fegion, and at least

_one ﬁrst._insula.ting layer is formed over tﬁe sensor in the first region a1_1d over the second region.

A plurality of apertures is formed in each at least one insulating layer over the sensor. A second



of the at least one first insulating |ayer. A second insulating |ayer is

di sposed over the at least one first insulating |ayer and the plurality of
apertures in the at |east one first insulating | ayer, the second

insul ating |ayer conprising a non-conformal dielectric material, Each

aper t ur ekar#m 1800 fbﬂ(&dro%&: tﬁé‘atl?é%&ﬁﬁé Birst ﬁl?%l B hdusid Shialg of @yetfired t hi n

the at least one first insulating |ayer. 0091 "Advant ages preferred

enbodi nent f e .. t] ' i di.ng- ' tor
dovi ce rivreg LR AR, bR BEkY oP Bl BeB o RESRRUE 0T |
the insulating |ayers over ‘the sensor, permt nore energy or |light to pass
t hr ough ¥FEa qggﬁyegmlqh@thea@té%m% treWeinElRETsensor. The apertures decrease
t he amount of destructive interference that may be caused by the

i nsul ati Qﬁ)gh]ay.erlﬁ 088 \?EJ{I %é% &l éﬁ*ﬂf@ﬁ%@%§%ﬁl@ﬁ%‘ﬂ% éﬁ'é%@nt Lnsmiaatd ng

| ayers. pi Xel "'stze o € sensor nmay ecreased I n accordance with
enbodi nents, of. the present. inventiaon.,[00101 The f.oregoi,ng. has..outli ned
ather  bFGEAVYUEREOIRS LAES SHETRPEE *’Bﬁ%@%ﬁ&%ﬁ’.@a@%& SBFONd SFHSHT et s of the
present .invention i.n order that the detail ed description of the invention
that - 4sénspl being freyedie thedirst eqgiom dédesstowa firshingiletingrayer fsabspased Sva i

advant ages of enbodi nents of the invention will be described hereinafter,

whi ch f osgasbhia tsefikaeiionfind i eispdsad oxr the sédoad tegivante arleast one fdtdnshidfitge
appreci ated by those skilled in the art that the conception and specific

enbodi Mefts, %ﬂi@q BRRk B RS QA Hsrdbdd ih 2Rt Rast dnd RS Bxfi@hg WReiihyi ng or
desi gni ng "ot her “structures or processes for carrying out the same purposes
of the p rtl?ass%gcgndl & é’igrrll ;[Jf‘ iy Worlktpiegg Ojglp ura(i‘ikys S aBgrtd}gsaiL %0%‘[%9(1 in each at least one .

insulating layer over the sensor in the first region, each aperture extending through the thickness

of the at least one first insulating layer. A second insulating layer is disposed over the at least

one first insulating layer and the plurality of apertures in the at least one first insulating layer, the

second insulatiﬁg layer comprising a non—conformal dielectric material. Each aperture forms a

hollow region beneath the second insulating layer within the at least one first insulating layer.

[0069] Advantages preferred .embpdi_ments of the present invention include providing-a
'semicondﬁctor dcviée having a sensor with improved sensitivity. Thér apertures formed in the
insulating 1ayers.over the sensﬁr permit more enérg$r -c_)r hght to pass through the insulating layers
~ and reach the sensor. The apertqres decrease the gmount of destructive interference that may be
| caused by the insulating la'yers'when light or energy passes through the insulating layers. The
pixel size of the sensor may be dec';rcased in accordance with embodiments of the present

invention.

[00103 The foregoing has outlined rather Broadly the features and technical advantages of
embodiments <5_f the present invention in order that the detailed description of the invention that

A



by those skilled in the art that such equival ent constructions do not
depart fromthe spirit. and scope of the invention as set forth in the
appended cl ai nrs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] For a nore
conpl ete understanding of the present invention, and the advantages

t her eof , fotlefeneniechetts unasstoaR €A ddetichiigedt k4 Maﬂ@m\%ﬁ@ﬁﬂe&ﬁob&lﬂﬁn@s@f% in
conjunction with the acconpanying draw ngs, [0012] Figure |

shows a jppdr@ibn @1t beﬁﬁE@rﬁQ@E@l’&ﬁeﬁfef ARy ;fglarﬂ ael Mngéé:'f'gf t%?cl% %9 E}%tlﬁ“\%n &gﬂ g]g

sensor, wherein the |nsulat|ng ayer I SPOS e sensor

destruct | nterfere c ce e sensitivity of the sensor; and

[ 0013] héﬁlrdgg AP d}t‘}l@% Eﬁﬁ%ﬂm{}“re@%‘]@fﬂ%‘a’ TN Dr  devi ce
at various_  stages of rranuf acturing in accordance with a preferred

enbodi medsclesed F’%b%ﬁﬂé@b’ﬁmhm@ﬂéﬁbﬁ&bﬁfm mphifyieg o dasiphing ethetsyructfreaper t ures i s
formed in at |east one first insulating |ayer disposed over the sensor;

[0014] Fprgemses forshioyisg auttiepame pwvpedes bitRe frREEncANSHIGH OT sERYd A S@¥RHN
Figure 3; [0015] Figure 5 shows a cross-sectional view of the errbodl ment of

the presgpholeniBRY indhe mﬂﬂﬁ’t‘@ﬂcﬂ Do BHf c%ﬁstﬁ.\cﬁng]fsﬂg ggt f#ﬁﬁ‘ft %Iglﬁl tﬁee%% i fi st

insulating |ayer is formed over®the aper ures an
i nsul at i and ure 6 ws anot her preferred enbodi nent of.
t he presgcﬁPé%tgeW?ngﬂng éggp ﬁgppeg d’ tnsul ating | ayer formed over the -
apertures extends slightly into a top regi on of the :



apertures. [0017] Corresponding nunerals and synbols in the different
figures generally refer to corresponding parts unless ot herw se indicated.
The figures are drawn to clearly illustrate the relevant aspects of the
preferred enbodi nents and are not necessarily drawn to scale. -6 DETAILED
DESCRI PTI‘ON OF | LLUSTRATI VE EMBODI MENTS [ 0018] The maki ng and usi ng of the

present | @%@?E%ﬁg?@mg?@?ﬁgmsscussed in detail below. It should

be appr eci owever, € present invention provides nany
applicable inventive concepts that can be enbodied in a wide variety of

speci fi c [gontext For dMerecpeBictd hdersiRing 6N SredhsBnE 6 a0d Bie BB eHaYes
illustrative of specific ways to nmake and use the invention, and do not

i1 ustra fic uways to is ent i on. and do n
desori bed AT e n el B AR epr P BRAT RN P ME %

namely a CMOS i nmm %Eﬁsenso.r. E?rﬁgodi ments of the invention may al so be
appl i ed, ATGVBRATYIEAVERESein WHS conduct or devi ces having sensors formed in
one region of a substrate and other circuitry such as support circuitry

formed i gt herFé%'lﬁQi SHows @Hei¥r APEnRERRR or d%elgée RcludiP BR ke ofditdCilabd Y T €gi on

is shown in each aw ng; however, there may many-sensors and support,

circuitry regions .farned, an single substrate. [002 W.th. ref erence now
Co Fi gur espich Wikpein te shne s fpciad BVS e eBinei e hgr 5665 F81 al ng
a wor kpi ece 106 having. a first region 102 and a second region 104. A
sensor 10%dpaes the sensitivity of the sensor; and

[0013] Figures 2 and 3 show cross-sectional views of a semiconductor device at various
stages of manufacturing in accordance with a preferred embodiment of the present invention,

wherein a plurality of apertures is formed in at least one first insulating layer disposed over the

sensor;

[0014] Figure 4 shows a top view of the semiconductor device shown in Figure 3;

[0015] ‘Figure 5 shows a cross-sectional view of the embédiment of the present invention
shown in Figures 2 through 4 after 2 second insulating layer is formed over the apertures and the

at least one first insulating layer; and

[0016] Figﬁre 6 shows another preferred embodiment of theApresent invention, wherein the
second insulating layer formed over the apertures extends slightly into a top region of the

" apertures,

[.00 17] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indica_ted. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.
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formed in the first region 102, and active areas 110 may be fornmed in the
second region 104 of the workpiece 106. The active areas 110 may conpri se
transi stors, diodes, capacitors, or other <circuit elenents forned in or
over the workpiece 106. The active areas 110 nay conprise support circuitry
for the sensor 108, for exanple. Interconnects 130 are required to nake

el ectri CBETRHJEJ?BES@R[PST&\I B?tItL’?SM‘?ﬁ/EldéIQEBOBWTiSm erconnects 130

typically conprise conductive I'nes and vi as conpri sed of netal or other
conductors, and are usually fornmed'in one or nore insulating |ayers 112, 1

18a, 1 1MWB18]11 Stbe makidg ddising 6f {10 @RAdntll ProT@y eHBHGORNE Welondey L& tdesi gns,
multiple |l evels of interconnect are used to nake electrical connection

et veen bhon SRSl RE A0A0K LU . G e SOMIRRDL S EQhp ST €. 11

Figure 1, an inter-I|ayer ectric rier
| ayer 11 .nsul ating .l ayer 116 fornmed_over the barrier |ayer 114.
The bar rﬁ‘ggﬁ?ﬁ%%ﬁ{&pﬂ%&?ﬂbeﬁ?ﬁﬁ%ﬁéﬁa%’fdleivﬁ%‘?fy BWH‘F%‘? FAExIss TOREPecalid t he
insulating layer 116 may conprise silicon dioxide or other insulating
mat eri al & erdssdiscyipedcaramerescillnstetivaefspécificwaa o malempt ese thi imrsiist or s and
ot her conponents may al so be formed over the workpiece 106, not shown. The
| LD | ayerndldb2iotbmi tie scépbef fak arveition, such as transistors, conponents and
active areas 110, and provides electrical isolation between and structural
support E@r the el ements. [0022] One or nore inter-netal dielectric (IM)
layers 1108391 116e peasent mysionmall by grserstiefl yithfrespens th prefewed ¢thbodimEnts ayer 112,
as shown. Each IMD layer 1l8a, 118b, 118c usually includes a :

~specific context, namely a CMOS image sensor. Embodiments of the invention may also be

applied, however, to other scmic'onductor devices having sensors formed in one region of a

substrate and other circuitry such as support circuitry formed in another region. Only. one sensor

_and/or support circuitry region is shown in each drawing; however, there may be many sensors

and support circuitry regions formed on a single substrate.

[0020] With reference now to Figure 1, there is shown a prior art semiconductor device.‘l 00
‘including a workpiece i06 having a first region 102 and a second region 104, A sensof 1'08 18
formed in the first region 102, and active areas 110 may be formed in the second region ‘1 04 of

. the worlcPiecé 106. The active areas 110 may comprise transistors, diodés., capacitors; or other
circuit elements formed in or over the workpiece 106. The active a:éas 110 may comprise
support circuitry for the sensor 108, for example. Tnterconnects 130 are reciuired to make

“electrical contact to the active areas 110. Thcse_intercdnneéts 130 typically comprise conductive
_ lines and vias comprised of metal or other conductors, and are usually formed in one; 0T Imore

insulating layers 112, 118a, 118b, 118¢, and 124.



barrier layer 120a, 120b, 120c respectively, conprised of SiQON, as an
exanpl e, and an insulating |ayer 122a, 122b, 122c fornmed over the barrier
| ayer 120a, 120b, and 120c, respectively. The interconnects 130 may
conpri se conductive lines or vias fornmed in each of the ILD |ayers 11.2

d I 8¢, " '
om conaltia  dott ARyt Ry ERR A e e S FORTRR ot o ety e
th t I 11 8c, h ...Th i vatjon, | 124 [
2 har 11 o aFERHEB GRS SN e i0 THOLT G A ORORII B wi [ n t ho

sem conduct or device 100 shown is that the insulating layers 112, 118a,
118b, 118zampladinFigirel,anfinderrdesr distecioinl(J.0) dayehkl 2somprigts » byrionlay@414epri si ng
the active areas 110 and other circuit conponents, but the insulating

| ayers 1%ka,inshlatiglayd 1186, forlnk8ever tiatthrdetdayer Bl 4alThe birdientRgr OMemayg digaphise St
region 102 conprising the sensor 108. This is di sadvant ageous because when

| i ght 13Z;Qon %Rﬁﬁf{iél@ gﬁgg@,fa&gﬁﬁrh%maitiﬁﬁ g‘.{y £G4k %gtﬁgfg?ﬁs? shid6h SERAO6: dtl‘?élr 108,

destructive interfer 134 'occurs W thin ea he 1nsul ating | ayers
112, 118a 8b, 1.18c,. and 4. As the.light 13 sses t hrouygh each. of
the. i msu SETAGEmALs 8 T h Hherbfihetinlss B Craaies SRR MR o o
destructive interference 134 occurs, resulting in a reduction in the .
anount of ComngRenty ey dembedgrmad aviethe espiece O3, nqtshews. cBgl kR layst Hecoegsed
sensitivity of the sensor 108. Sensitivity is defined as the output signal
i n, bri ghthaesmentsticloasttensiliyrs) doenpongrpudnd stijiealreas 10, ded iroeds. elsEhealef or e,
| arger pixel sizes are required for tthe sensor 108 to accommodate for this
isolation between and structural support for the elements.

[0622] One or more inter-metal dielectric (IMD) layers 118a, 118b, and 118c are typically
formed over the ILD _layer 112, as shown. Each IMD layer 118a, 118b, 118¢ usually includes a
barrier layer 120a, 120b, 120c respectively, comprised of SiON, as an example, and an insulating
layer 122a, 122b, 1220 formed over the barrier layer 120a, 120b, and 120c, respectively. The |
interconnects 130 may comiarise conduétive lines ér vias formed in each of the ILD layers 1 1,2
gnd IMD layers ilS’a,r 118b, and ilSc, for.eirgample. | |

[0023]  The semicogductor de;vice IOO‘may include a passtvation layer 124 formed over the
top IMD layer 118c, as shown. The passivatidn léyer 124 may qomp;ise a barrier layer 126 and

‘a dielectric layer 128,

[0024] A problem with the semiconductor device 100 shown is that the insulating 1ayers
- 112,118a,1 1$b, 118¢, and 124 ar.e formed not only in the second region 104 comprising the
active areas 110 and other circuit components, but the insulating layers 112, 118a, 118b, 118¢,
and 124 are also formed over the first regioﬁ 102 comprising the sensor 108. This is
_ disadvantageous because when lighf 132 or other form of energy is directed toward the sensor

8-



decrease in sensitivity, in prior art designs. [00251 There is a demand in.
the i mage sensor industry for shrinking the pixel size of. sensors and

i ncrease in the nunber of netallization |ayers, to decrease costs. These
factors result in the reduction of the sensor area and degradation of the

recei ved a NSOl esp ECIIVE | e r.eadout . circui and

vari ous qgkg%g&'éct? @feﬁfeéegcerﬂéfi 05%1 Fad%l’# @&5?@“?@1 s H‘SZOHC nfslsgbot her
probl ens_ca nt r oduced. For exa le, the sensitivity of a sensor may be
T 11 b Byl 524 Gh B S 112 mesice ot ehdh of Biinraog obes 51,4 186, S0

i ncreased. . [00261 Enbodi nents of the present invention achieve technical
advant agékschand pR4wicds mgl maore dmsineide ditefenis 138 @tusatuit@g W 4 dhalohombeegi ons
fornmed by apertures in-the insulating |ayers over a sensor to permt nore

energy Ofmbir@btli plﬂ@%@&ewmygéﬁsérh%s' @Elyke@ﬁltsfi?dé&éfa%dssegﬁ@v QRGN0 o E%s% sensor.
a

500271 Figures Z, and 5 shom1cross sectlon Views 0 ) en1coE ctor
; >0R: . .
preferr eg&é%ﬂ%*y‘ﬁ‘éh%’&%ﬂ S Bl R e b e BT U Sk e 206 1 s

provi ded., The |ece 206 may i ncl ude a semiconductor substrate

conpri si AFERSEi W B @g%ﬁekw arsreeEdfor fhetsensonl & to aveemarbdpip farthis
insulating |ayer, for exanple. The workpi ece. 206 may al so include other
active cdeposensesiivityiin pridrtg dssighs. as active regions 210. The wor kpi ece
206 may conprise silicon oxide over single-crystal silicon, for exanple.
The work ‘hﬁgf 2 may i nclude other conductive |ayers or other

seni condi At & derpand in @%ﬁ%@fr@dusmﬁéébﬂﬂ@gdhe Wsehsise o sensors
sem conductors, GaAs, InP, Sil1lGe,. or SiC, as exanples, nay be used in

~ place of asd mpmunmﬂihaumbﬁrbﬁnaalhzﬂ{mﬁ layays, ﬁldsmasenmnts Shest fadtbis eenk dithe

reduction of the sensor area and degradation of the received light by a sensor, respectively.
While readout circuits and various pixel structures may be used to mitigate these probléms, other
problems can be introduced. For example, the sensitivity of a sensor may be amplified by

increasing the circuit gain, but the noise is also increased..

[0026] ©  Embodiments of the pfescnt invention achieve technical advantages by providing a
meshed dielectric structure with hollow regions formed by apertures in the insulating layers over -

2 sensor to permit more énergy or light to pass through the insulating layers and reach the sensor.

[0027] Figures'2, 3 gnd SA show cross_-sectionﬁl views of a semiconductor device 200°at
various stages of ma.nufactming in accordance with a prefeﬁed embodiment of the present
invention. First, a workpiece 206 is provided. The workpiece 206 may include a semiconductor
sgb strate comprising silicon or other semiconductor materials covered by an insulating layer, for
example. The workpiece. 206 may also inciude other active components or circuits such as active
regions 210. The \&orkpiece 206 may comprise silicon oxide over single-crystal silicon, for
lexample. ’fhe workpiece i06 may include other conductive layeré or other sénﬁconductdr

9-



insulator (SO ) substrate. [0025] The workpi ece 206 includes a first region
202 in which a sensor 208 conprising a photodiode, for exanple is forned,
and a second region 204 in which active areas 210 and other active
conponents are formed within and/or over the workpiece 206. There nmay be a

plurality.of _fjrst regions,20 d second .regi an 4 £ or . i ngl e
e cona gttt kb kb5l BPas fa S imRane Bk RUA b TRAEY G aT on 202
and second region 204 is shown inh Figure 2. [0029] In accaordance with a

pr ef er r e FXERPIEY W@i’? ugsd o placeRisdispn: heerimie 20 iy dgstompHEs F3licgp-on- |
insulating |ayer 212, 218a, 21 8b, or 218c is forned over the workpiece 206
in both tiheldter(80)selgirata. 202 and the second region 204. The at |east one
first insulating |ayer 212, 218a, 218b, or 218c conprises a thickness hi.

The thic hl . of the at_least one first jnsulating |a 212,. 218a,

Jngb. or TR may it Shispiec2 ats b e LRk arbt Sesal «HHERbugh
alternatively, the thickness.. hl nmay conprise other dinensions. [0030] The
at | east mhetodfade.or sxampleas formed, andor separ@ regidn B, in whgh activ dreasl? i8andether
conprise an ILD layer 212 and a plurality of IMD |layers 218a, 218b, and

218c, f oractixacmipenendd ire formbd wethivand/beovet the wofigiecons, fThesimaybs ubhtalingofl ayer
212, 218a, 21 8b, and 21 8c nmay conprise one or nore | MD Layers 218, e.g.,

the at | il | ' I ] ; re RAD
| ayers 218 (S0E Apanns T EE e B o e b 200 TPt ng
| ayers 212

218 218b. or-218c .fo d . depends t he nunher | ayers
requi r ed ?WP#%@WOH%%?%%?H%%# % v #@?%F?(’Bﬁ&eﬂ}oflgﬁ?ﬁﬁtsﬁ% @?@Wg‘r’f e my only
be one insulating layer 212 (or 218) forned over the workpiece 206, for
exanpl e ([u@b9] In accordance with a preferred embodiment of the present invention, at least one first

ihsulating layer 212, 218a, 218b, or 218c is formed over the workpiece 206 in both the first region
202 and the second region 204. The at least one first insulating layer 212, 218a, 218b, or 218¢
comprises a thickness h. The thickness h) of the af least one first insulating layer 212, 218a,

. 218b, or 218¢c may comprise about 9.0 um or less, for example, although alternatively, the

thickness hy may comprise other dimensions.

10030} The ﬁt least one first insulating layer 212, 218a, 218b, and 218¢ may comprise an ILD
| layer 212 and a plurality of IMD layers 218a, 218b, and 218c¢, for example. Alternatively, the at
least one first insulating layer 212, 218a, 2185, and 218¢ may comprise one or more IMD layers
218,e.g., the at least one first insulating layer may include 8 to 12 or more IMD layers 2518 (not |
shown), as an exainp’le. Thenumb;r of first insulating layers 212, 218a, 218b, or.218c formed
depends on the number of layers required for the interconnect 230 formation. Altematifely, there
Iﬁay only be one insuléting layer 212 (or 218) formed over the workpiece 206, for example (not

shown).
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shown). -10 [0031] In one enbodinent, an ILD |layer 212 conprising a barrier
| ayer 214 and an insulating |layer 216 is forned over the workpi ece 206.
The ILD | ayer insulating |ayer 216 may conprise silicon dioxide (Si02),
fluorinated silicate glass (FSG -oxide, plasnma-enhanced oxide, high
density (+HDR) _oxi.de,  or I n-on_glass (SO G), as exanples, although
al t er nat ﬂ@?gﬁ t 811% Ef_]%’ofj%ﬁé‘?’ a iaﬁ?ri%é Comy SN 2B IR JayesHp rrhd en ot her

i nsul ati 2[]% r’rPt eiri als.. The ILD layer insulating |layer 216 nay conprise a

t hi cknesdSHBIRgF2¥eR A1k is Sormedaver the atodgpiect 000 OlhedL Dhspegmsuladdgaipabi g glay, the

I LD | ayer insulating layer 216 may conpri se other dinensions, for exanple.

The | LD kewypmse bifiron doxidea($a,), 2h4rinmy sqRMRk i5h | itri i N): ; or
silicon oxynitride (Si ON) 2251I t hough SaI ter‘gr?iﬁF\glgP lfxﬁa? g#ﬁﬁ%&/&eﬁr&%%er’ri er
| ayer 214idiwiy ErthS @) R | ati rials as. .ex | es.. The ILD
barrier Iayernsgggﬁrray cor%%?]idg’ed?gﬂtl?#‘g%%e@gtﬁ’fsﬁm%%%t%ggﬁf@a&%m 8001,

al t hough pal+t grnat i y..the LLD barrier |ayer 214 may conprise other
di nensi ort%,i?é%@ fé’%“?r‘%?é@@dé% CORBrEs s msulpting matorals TedhD l2w8b, and

218c co rif'i.n a barrier layer 220a, 220b, and 220c, respectively, and an
I nsul at irTEItfu ﬂ%%sgw@%hﬁarpaszmmm@msm sfabmedi000 veloyboutray,0b@ A, slemuenti al |y
formed over the ILD | ayer 212 (e.g., layer 218a is. fornmed.over.ILD | ayer.

212, | VBittraafively Xhe BID lagerfonimek loyeen1d My baise 3 £diGhs) | ayers
218a, 21 8b, and 218c conprise a thi c%{%ess Iﬁ% Tﬁ?gﬁiﬁe%@sh?r g%@%é%@/%y |
conpr i se Tabouy Ia?;r@aﬂﬁ}_ﬁﬂrerb‘?@ fay E&Sprﬁé R Fritride (SiN) or silicon oxynitride tSiON),

althc')ugh alternatively, the ILD layer barrier layer 214 may comprise other insulating materials,
as examples. T.he ILD barrier layer 214 may comprise a thickness hy of about 100 A to about

800 A, although alternatively, the ILD barrier layer 214 may comprise other dimensions, for

examplc;

[0032]  One ormore IMD layers 218a, 218b, and 218¢ comprising a barrier layer 220a,
| 220b, and 220c, respectively, and an insulating layer 222a, 222b, and 222¢, respectively, may be |
- sequentially formed over the ILD _1~gyei'_ 212 (_e. g., IMD layer_ 218a is formed.over ILD layer 212,
MD layer'ZISb is formed over ]ZMD layer_ 21_8&,'etc.). The IMD layers 218a, 218b, and 218¢ |
cb@prise a thickness h;. Thickness by which may comprise about 3.5 pm or less, for exainpleé,

although alternatively, the thickness hy may comprise other djﬁlcnsions. '

[0033] Each IMD layer 218a, 218b, and 21 8c may comprise a barrier layer 220a, 220]3,

2?.00, respectively, and an insulating layer 222a, 222b; 222¢, d15posed over each barrier layer
220, 220b, 220c, respectively. The ]MD layer barrier layers 220a, 220b, 220¢ may comprise
silicon nitride {SIN} or silicon oxynitride (SiON), although alternatively, the IMD layer barrier

layers 220a, 220b, _2200 may comprise other insulating materials, as examples. Each IMD layer
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al though alternatively, the thickness h3 may conprise other dinensions.
[ 0033] Each IMD | ayer 218a, 218b, and 218c may conprise a barrier |ayer
220a, 220b, 220c, respectively, and an insulating | ayer 222a, 222b, 222c,
di sposed over each barrier Iayer ' 220a, 220b, 220c, respectively. The I NMD

l'ayer barri.er, L1 I8t e (SIN
orysi | (%ﬁn }Vﬁ?w&d?é%%% 30’??1%1 ogét egsroﬁﬂu\%e Oj,ﬁlt({ gF]b%BW?DI}T gééehr E)alr rier
I 220a,  220b, 220 th I

e R 0l B B 35 L 5B, T S o, oo o
t hi ckness of about 1001 to about 800 A, as an exanple, although

al t er nat othed dipensivens| A xhmyler Bl MR faytripeating Tyar 2292382b, 222)"(:111%6@1@%% i se
ot her dinensions, .for exanple. Each INMD |l ayer insulating |ayer .222a, 222b,

222¢c maysEnMidrheted Siithds glhdsUPTS G @li@Ipiaihd-edibgoed brids, hdhShsitypiadma (HDP)
pl asma- enhanced oxi de, h| gh density pI asma (HDP) oxide, or spl n-on gl ass

(509, a a%ﬁ%ggézlg-,%n §%§st 88k rbs%&ﬁﬁl&aﬁl't%%gﬂalterrﬂﬁvélwé ﬁ’ﬂ?'[aybﬂﬁﬁ l&hi NG

| ayers 2 c may’ conpri sé oth Insul ating matérials. Each IMD

| ayer i.nsul at a 220a, 220b, and, 220 ess of
about 6, %@@Skﬁagz ot 2 REYFOEPRSe ngeré?f’ula GEMS cﬁﬁm %r &r néﬁ% vely,
the IMD | ayers 220a, 220b, and 220c ma rise oth di nensi qQn [ 0034]
The i nt etayor?de:220b.30d ARAr ey dosmmsela e @@ﬁs{g&i@ﬁb@ @s@@g’e 1 IfOQb geﬁ%ﬁ‘?‘pl e, by
first depositing a barrier layer 220a and insulating |ayer 222a,

pat t er ni Bgarhple althdghalt@natRBatheMD layersiz20ay 228 rratl 220cmdyorontphiss dtherer connect s
230, filling the pattern in the MD |layer 218a with a

dimensions.

{6034] The interconnects 230 may be formed by damascene processes, for example, by first
depositing a barrier layer 220a and insulating layer 222a, patterning the IMD layer 218a with a
desired pattern fér the interconnects 230, filling the pattern in the IMD layer 218a with a
conductive material, and then removing the excess conductive material from the top of the IMD
layer 218a, for example. A. dual-damascene method may also be used to fill the patterns in two
IMD layers i21 82 and 218b simultaneously, for example. ILD layer 212 and IMD layer 218c may

also be patterned using damascene methods.

0035} Altematifely, the hlteréonnects 230-may be formed using a subtractive process. For
example, a conductive material ﬁay be depbsitéd over the workpiece 206, and the conductive
material may be pattemed in the desired interconnect 230 pattern. The barrier layer 214 and
insulating layer 216 of the ILD layer 212 are then deposited over the interconnect 230, .The IMD
layers 218a, 218b, ﬁnd 218¢ may also be formed using a subtractive process, by first depésiting a
conductive material, patterning the conductive material, and then depositing the IMD layers 218a,

218b, and 218c, respectivély.
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conductive material, and then renoving the excess conductive material from
the top of the IMD |ayer 218a,, for exanple. A dual-damascene net hod may
al so be used to fill the patterns in two RvID |ayers 218a and

218b' si nul t aneously, for exanple. ILD |ayer 212 and DAD. |ayer 218c nmay

al so be [HaB4ler netxi)5i0ghrak BeRereEl Etr%e[n%%ﬁrle \?@sén‘? %ﬁtgo\ﬁ?%@aﬁig'e.

I nterconnects 230-nmay be fornmed using a subtractive process. xanpl e,
a conducktMenpat-ank si ted. qver the rkpi ec 06,, and the
conductigg% natégpgﬁ£%%?égﬂggﬂ%§8ﬁ%éﬁgHBWWgﬁﬁﬁﬁxﬁﬁF'%ﬁ@ﬁ%gﬁﬁ@éﬁﬂ?Bo
pattern. ﬁpﬁnggrrgergtﬁf r 214 and insul ating | ayer 216 of the ILD | ayer
212 are tHSHALIIED £ &t £ e 25 Showh ifigee 8. 2BoSurfReeeof vDop ByiBrisye2 184,
218b, and 218c may al so be formed using a subtractive process, by first
deposi t i Acanay e Athsedity echeat@i-nathanipaltpolshnCIMP) bheess OBIBHGHE MacBdRirgl . and
then depositing the IMD | ayers 218a, 218b, and 218c, respectively. -12°
[0036] NextlatinglayacZiOf TIRA; 215, iR BkeihEed enbodi ments of the present
invention, .a plurality of apertures 240 is forned in the at |east one
first insulating |ayer, which includes tMD | ayers 218c, 218b, 218a, and

| LD | ayel0312, Recferbldwin pue emibgdiment3the Eretusssnhdeaerdfiiiohe 4 BRt Mhdsayer  218c
maybe exposed to a chemi cal - mechani cal polish (CH P) process before the at

| t ef tht stddast dne Gt @k 2 . ' d.
east oneftht stddast dnasitst mbilARg 1A¥Er12201%0, %é&%ﬁd 2?8%%@6&;)% * tgﬁ?gﬁ%%?ﬁ% Qﬁ gh a

[0037] Preferably, in one enbodi ment,. the apertures "2

first thugkaesSohl t ~ one first, insulatjng layer 212, 21 8a,
218b, and 218¢ 10 aesﬁ%%wéléﬁgc %ﬁ?ﬁggéq.%ﬁgbﬁfﬂﬁn@f@mgasmg{e%hogfapﬁy process

step, using a photoresist as a mask, for example, or alternatively, two or more litho graphy process

sfeps may be reqﬁired to i:attern the first thiclcﬁcss hy of the a;t least one first insulating layer 212,
| 218a, 218b, and 218¢. If the first thickness h; comprises about 2.5 pm or greater, for example,

two or more etch process steps may-be required to pattern the entire thickness h; of the at least

one first insulating layer 212, 218a, 21 SB, and 218c, for example.

{0038] Preferably, in é.ccordance with an embodiment of the present invention, the apertures
' 240 gxtend through a second thidmess hy of the ﬁﬂaﬁng layer 216 of the ILD layer 212 and also
- through a third thickness hy of the plurality of IMD layers_ 2184, 218b, and 218¢c. In one
ex_ﬁbbdimcgt, the apertures 240 also extend through a fourth thickness hy of barrier layer 214 of
the ILD layer 212. In another embodjmgnt, the apertures 340 do not cxténd throﬁgh the fourth

thickness hy of barrier layer 314 of the _TLD la;yer 312, as shown in Figure 6, -

10039] - Referring again to Figure 3, the plurality of apertures 240 may cbmprise a width d; of
about 1.0 pm or less, and in one embodiment, the plurality of aperturés 240 comprise a width d,

of about 0.1 um to 0.2 pm, for example. The apertures 240 preferably comprise a width d, that is



t he sensor 208, as shown. The apertures 240 maybe formed using a single

| it hography process step, using a photoresist as a mask,.for exanple, or
alternatively, two or nore |ithography process steps may be required to
pattern the first thickness hl of the at |least one first insulating |ayer

212,  2188ss 4hBhne HBA of %gﬁgl dft[}tet,f’gﬁé’% idﬁhot%&v@ﬁ,%?&mlﬂpk.c‘S?{fée)%igﬁ%%s AU 2.5

j.mor greater, for exa nor e process may required

to patter entire thi.ckness hi of the at |least one first insulating
| ayor 079 riE Steh Pondd drTIER Bnclhes B el bont € DBrney SBRmras i y
accordance with an enbodi nent of the present invention, the apertures 240

extend th a B ' ] ; i 6 the | LD
yer 212 1o s SRERSHOR, PR RS: Feficoidiiol B0 Bouh Pl D188 BV 5

| ayers 21 218c. . I n one. enbodi nent, the apertyres 2 al.so

ext end thragglgjﬁgs;ﬁ ? glha?{l ﬁmP Hrdchars ﬁz?lrglf" Ogglr F90ge, feefangle. %“ﬁ’l‘n ! A%Ecif‘fﬂf’l ayer
212. In another .egbodi pent, the apertures 340 do not extend through the
fourth tﬁ?&@ﬂ%%%bweo‘pe%lipﬁi%@%%%%w emprethy sanp shagretliiwugh as shown
in Figure 6, [0039] Referring again to Figure 3, the plurality of apertures
240 may ceHpnitislyathaiagerhnre|240 inay aboptise . @rigpobshapes saiso showh inFipme4. The
enbodinent,: the plurality of apertures 240 conprise a wdth ds of about -

0.1 gm t 0 aPerBu@MU0 ity aB¥BBPIE: otHdd ShaPBs bidARME fap2dSld siak Syralley siapEmEd se a
width dl that is -13 less than the width of a pi xel of the sensor 208 (not

A e e R R AL S A

shows a t ?’Qefxe/rlaﬁgr\f a%]:artgrgs Oarr]éj 10 tf(())rgne W the gcc%r?c? rcgi%g%él (IJtrtlheFvlvgrﬂjEi%ceSZ_OéThe

[0041] Referring next to Figure 5, & second insulating iayer 250 is formed over the top IMD
layer 118c¢, as shown. Tile second insulating layer 250 preferably comprises a non-conformal
dielectric material that doés not fill the aperturés 240. Rather, the secoﬁd insulating layer 250
forms a ceiling over and overlaying the apértures 240, forming hollow regions 244 within the at

. least one first insulating layer 212, 218a, 218b, and 218¢c. The ﬁollow region 244 comprise voids
ot air gaps, for example. The second i'nsulatingkla;rér' 250 pféferably comprises a tra.n..spareqt or
translucent material. The second insulating layer 250 preferably comprises plasma enhanced
(PE) oxide, althugh étlternatively, the second insulating layer 250 may comprise other non-
conformal insulating materials, such as silicon nitride (SiN).or silicon oxynitride (SiON), as

- examples. The sec;éﬁd insulating layer 250 preferably comprises a thickness of about 4000 A to

about 8000 A, although alternatively, the second insulating layer 250 may comprise othér

dimensions, for example.

{0042] The second insulating layer 250 overlays the apertures 240, sealing the apertures 240
. and forming a meshed dielectric structure 246, as shown. The second insulating layer 250 may
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apertures 240 may conprise a shape of a circle, oval, square, rectangle, or
conbi nations thereof, as shown in Figure 4. Al of the apertures 240 may
conprise the sanme shape, although alternatively, the apertures 240 may
conprise a variety of shapes, also shown in Figure 4. The apertures 240

ey al t ecoairhuebasioihelahanpessy Bl Ahnid 31RZGIN or SN S A AlBEL Shapes,
as exanples. The apertures 240 are formed I'n the first region .of the

wor kpi ec ; | re not formed., n the second
Fegi on 208 oA e PGB B e SRR e G
second insulating layer 250 is forned.over the top IMD |ayer 118c, as
shown. Ti#43ecofibure G shodr kfdehet @M&fdﬁﬁé@oﬂh@fvﬂeﬂﬁln?@nﬁ%ﬂe&ﬁﬂﬂé ﬂsﬂﬁ%i s

conformal dielectric material that does not fi t hé aperture :

Rat her, GORG | 250 f Qr, .1 1ing over. and.overl aying
t he aper%lﬁﬁéeg%mo, g?ﬁlﬁgﬁﬁ%ﬁcﬁv&{r%ﬁ %ﬁes&élﬁu% f‘ﬁ#onavf’ﬁée f‘l{lm}’g%\ one
first ins#l at i nﬂgl agli(‘ar 212, ,218a,,.218b, and 218c. The hol | ow regi on 244
conpri se GBrHE Mutgher qwnga e dagram i nofdstoabedragainge deswibiberais R athngimilay er 250
preferably conprises a transparent or translucent naterial. The second

i nsul at i FgteRayER2, 265 X, 8b% elablage mrefepblyses! fot ths matesinlapeationt REveexi de,

al though alternatively, the second insulating |ayer 250 may .conprise ot her

non- confleschirt forBgrat) thguss, ehb@lxS? iSHERefS ikl @‘Rﬁﬂﬂiﬁ’:tihiﬁjgfnxé i or
silicon oxynitride.(Si O\I)g,mgas exanpl egL.I&SThe sugl(]:ond I nsul at | ng %ja/%r 250

D S er 2P o3 AR Rl APOY i Gk B RO B30 1,54 nouoP

alternatively, e second 1 nsulating layer

di mensi o . f.or, exanpl g. .1 0042]. The second jpsul ating | ayer 250 overl ays -
t he aper ? 3? Qgheﬁ&npgg%ﬁ ﬁ’[é“‘%éh’é%ﬁtsﬁf‘e@c@@b y also used for first insulating layer

316 in Figure 6.

[0044] In the embodjmént shown in Figure 6, the second insulating layer 350 extends into a
top region of each aperture 340 iri the 'meshed dielectric structure 346, as showﬁ at 352. The
second‘insulatiné layer 350 may extend into the top region of each apeﬂe 340 by about 100 A, ‘
or greater, for exampie. The amount that. the second insulating layer extends into the top region of

gach aperture 3.4._0 depends on the width-of the aperture 340.

[0045] Also, in this embodimenf, the barrier layer 360 of the ILD layer 312 proximate the

: sensor 308 may ndt be patterned during the pattérning of the apertures 340. In particular, the

_ aperﬁnes 340 may not extend through the fourth thickness hy 6f the barrier layer 360 of the ILD
layer 312, as shown. The barrier 1ayer-360 may 'comiarise a material that has a different etch |
selec.tiv'ity‘ ﬂian the gverlﬁng insu_lating layer 316. For example, the barrier layer 360 may
comprise silicon nitride, and the insulating layer 316 may compris;a silicon dioxide. Thus, etch -

| chemistries such as CF4, CsHg or CHFs, as examples, may be ﬁsed to pattern the apertures 340, so
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and form ng a nmeshed dielectric. structure 246, as shown. The second

i nsul ating |ayer 250 nmay -14 conprise a passivation |layer, and may i ncl ude
a barrier layer of SiNor SiON and an insulating |ayer conprising PE

oxi de or other insulating material fornmed over the barrier |ayer, not

shown. [ 008k birtlu 18536191 ARGEDE Ty i ol 0e. BrEesent i nvent i on,
wherein |ike numeralﬁys’a ar eﬂﬁ e é(gfrac{uf’ﬁggg%rgﬁﬁ%nuos%}éela@%‘ﬁ?@aﬁeéﬁrpﬁga % n
Figures 2 ol id repetition, each_ reference nunber shown in
t he di'agr%%lnggeg notegjéter}segﬁ%ﬁg%lusﬁégcfwtﬁeﬁltﬁ%’t‘ﬂﬂm’feﬁé‘?’oei n. Rather, sinilar
materials x02, x04, .x06, x08, etc... are preferably used for the material

| ayer s shipgrglas mfe@anggﬁygrhg@grefﬂbh}eﬂ%%gé aﬁfﬁh&%ﬂtﬁ% ltrgnshiﬁﬁrﬁrn?at@ﬁr:a in

Figures 2 through 5 and x=3 in Figur exa e preférred and
al ternatiyg, o | mensiong described for first insulating |ayer
216 in the (@?‘i’ﬂéta% %ﬁ@g? 9%%& ﬁs?gg“?‘fgﬁg]ifdﬁ@rlﬁw 3ﬁb'eflé°rb§'5‘??ﬁaéﬂ”s3t§8used f or
first insulating. layer 316 in Figure 6. [0044] In the enbodi nent shown in
Fi gure 6, Wﬁgorgﬁygﬁﬁn?lﬁngﬁﬁﬁaﬁ%@uq 13’9&“39@@9@ gn&se}iampb. dhe baxpier laysi 360 of
each aperture 340 in the neshed dielectric structure 346, as shown at 352.

The secopigtertidh tap pusthcs efitby se880 3dhguring tlerfomiatibe of theageipres B 9ol each
aperture 340 by about 100 A. or greater, for exanple. The anpbunt that the

second i nembatimery, Nayeliat @ ¥ewrdS4isidhois b hand @R i§ 8el s‘H?WL‘P (3¢ 34. 0
depends on the wi dth-of the aperture 3401.1 [06451 so?on?ln t Fglggf%]&obgfﬁ?rent,

t he barrimgh@yﬁﬁeég%ggecimgé;@d@yer 312 proximate the sensor 308 may
e

not be patterned during t erning of the apertures 340. In particular, |
t he ' . : : '
[0047] The barrier layers 214, 220a, 220b, 220c, 320a, 320b, 320c, 360 and the barrier layer

of the second insulating layer 250/350 described herein may also function as anti-reflective

layers, etch stop layers or buffer layers, for example.

[0048] The novel meshed dielectric structure 246/346 described herein disposed between the
sensor.208/308 and the second insulating layer 250/350 provides several advantages. The hollow
_'regions 244/344 formed by the apertures 240/346 in -the insulating layers 212, 218a, 218b, and
218c/312, 31 821, 318b, and 318¢ over th;: sensor 20.8/-30'8 p'erﬁlit more light or energy to Iﬁ'ass
through the insulating layers 212, 218a, 218b, and 218¢/3 12,318a, 318b, and 318c, and thus
- provide increased sensitivity for the sensor 208/30:8; Pixels of the sensor 208/308 (not shown in
' the figures) may be méde smialler due to the increased s'enéitivity. Alternatively, a pixel size may -
be maintained While_ improving the sensitivity of the sensor 208/308. Embodiments of the

invention are particularly useful in deep submicron CMOS image sensor applications, for

example,

[0049] Although embodiments of the présent invention and their advantages have been

descﬁbed in detail, it should be understood that various changes, substitutions and alterations can
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apertures 340 may not extend through the fourth thiclc:n..ess h4 of the
barrier layer.360 of the ILD I|ayer 312, as shown. The barrier |ayer 360
may conprise a material that has a different etch selectivity than the
overlyin% insulating |ayer 316. For exanple, the barrier |ayer 360 nay
conpr i se b8 malcisreimithdutiéepazing fivmehd spiritland koage bENEmvEEn BDY:HOMBY e Silicon
di oxi de. Thus, etch chemistries such as CF4, C3H$ or CHF3, as exanpl es,

may be uspbnted chirhi. efon cRDIARNN U 1%§di§ﬁﬁdelﬁlgod thBéEastkjﬂte@%sté‘éﬁE %@E ﬁl'gﬁ?er 360

is not patterned during the formation of t apertures vely,

ot her et ghthe ekt £ used to. tern the apertures 340. [0046] The
barrier layer 360° p?@%ﬁ%%?b%@ﬁ%%ﬁg&ef@ﬁ%%?% 2y 8¢ vried ydplgc ent

mat eri al emal.lpwﬁg Iight g‘_ﬁl ener?y to be transm tted through the barrier

| ayer 360°AHHRS BUME fhescqpe grihe Brssent asntioniorepserathettapknétis pregersf  about 100
A to about 800 A, for exanple. The barrier layer 360 protects the top

surface @PRICHINdER GrterdeBodeatimitgd totthe frotiout embodifeith of B STtk ABachdR, i n this
enbodi nent. Note that a device 354 such as a transistor 1s al so shown

formed owenuhdiereorppiites 36 inbarki j i.6n..304. [0047]
The barrier |ayer sm;léll, 220a, QZO%DE’I%%gdS@%%ggﬁsr}%i%ﬁg@%%&% gﬁatgo%d t he

barrier lgygs bt e nd. | ing layer 250/.350 described herein may
al so functi onOfaog&g%er ?hggﬁllg%tt #N\E}g}égff@f@ﬁ??m%&@ﬁ’ giclrsyeridhepregint f er .
| ayers, f.or exanple. %%24_8%6The novel neshed dielectric structure 2461346
descri bed™FB1°%) FOHSEHIUSH e BRRE RCOMeHERS 0P DBIE0Beam dnttheiss e,

i nsul ating | ayer, 250/ 350 provi des several advantages. The hol | ow
presently existing or later to be developed, that perform substantially the same function.or

achieve substantially the same result as the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the appended claims are intended to

mqlude within their scope such processes, machines, manufacture, compositions of matter,

means, methods, or steps.
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regi ons 244/ 344 formed by the apertures 240/340 in the insulating |ayers
212, 218a, 218b, and 218c/312, 318a, 318b, and 318c over the sensor

208/ 308 permt nore light or energy to pass through the insulating |ayers
212, 218a, 218b, and 218c/ 312, 318a, 318b, and 318c, and thus provide

i ncreased sensitivity for the sensor 208/ 308. Pixels of the sensor 208/ 308
(not showgHAT Kig Avauy gs) nmay be .made snall er due to the.increased
sensitivity. Alternatively, a pixel. size may be rmaintained while
inmproving the sensitivity of the sensor 208/ 308. Enbodi nents ofthe

i nvent i orl. ar e Apwmidondictoridgvios ebraprising: deep submi cron CMOS i mage sensor
applications, for exanple. [0049] Although enbodi nents of the present
invention and atwgkiiecd hiiHiROeSst8X6n BB kecd@ssided in detail, it should be
understood that various changes, substitutions and alterations can -16 be

made herein wt i Lol the spirit and scope of the invention as
defi ned by thgs@%ﬁ%@%@%ﬁﬁ?ﬁ%ﬂﬁi&ﬁ%r exanple, it will be readily understood

by those skill in-the .art that n f the. features, functiqns,
processes, an(‘j&e 8rs S@ﬂ’i@@ﬁﬁ%@%ﬁéﬁ@oﬁe@?ﬁqﬁmﬁﬁﬁegﬁ“ Fgionend g‘éﬁ"ﬂﬁ?qﬂ ng
within the scope of the present invention. Mreover, the scope of the

pr esent casmhpé@pn@)rﬁgm; not intended to be limted to the particular
enbodi ments of the process, machine, nanufacture, conposition of matter,

means, mnet hods phndlitybeggrides Cormbé th dach iil@stspe tishiathied laps ovesheassogfandr di nary
skill in the art will readily appreciate. fromthe disclosure of the

present i nventdeoyhd ihAAS Ry dﬁ;sageﬂio@a%he AR RE b Broul2@ERRRE hldORS  Of
matter, nmeans, net hods_, of Steps, ‘ ,
plurality of apertures in the at least one first insulating layer, wherein each aperture forms a

hollow region beneath the second insulating layer within the a least one first insulating layer.

2. The semiconductor device according to Claim 1, further comprising interconnects formed

in the at least one first insulating layer in the second region of the workpiece.

3. The semiconductor device according to Claim 1, wherein the at least one first insulating
layer cdmprises a ﬁrst thickness, wherein each aperfure extc_ands through the first thickness of the

at least one first insulating layer.

4, The sémiconductor dev'ice according to Claim 3, wherein the at least one insulating layer
‘comprises a plurality of inter-metal dielectric (IMD) layeré, the plurality of IMD layers
E:omprising a second thickness, wherein metal interconmects are formed within the plurality of

IMD layers, and wherein each apertiire extends through the second thickness of the IMD layers.
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presently existing or later to be devel oped, that perform substantially the
sane function. or achieve substantially the sane result as the
correspondi ng enbodi ments descri bed herein may be utilized according to
the present invention. Accordingly, the appended clains are intended to

i ncl ude Vi t hi Thetstiicondsciop@vEE b oRIOCIE IS4, ﬁiﬁ&@inriﬁéa’; 165&%@ %&{&'ﬁ{k@@@“‘ff

conposi tions of matter, rreans nmet hods, or. steps.

Ser ni Congutifes ﬂ%ﬂtb&ﬁyer%@ o$ f?;glay%r Bg}ﬁ%o‘éfd o%%fanrdeﬁéhglﬁé%g oF}g,g{pgttB g1 on a“f’

a second reglon a sensor forne & first

I nsul ati Qsed over t in the first region and di sposed
over the%gsetgg% “19%#:@ o %@PW&FF tﬁ‘f; Efe?li%‘f’%elﬁéﬁ‘q}i@ﬂemﬁee}@@@h at | east
one insulatin yer over the sensor; and a second insulating |ayer

di sposed ﬂﬁw&h?h%gu%ﬂnmg of thnBLI¥ leyesand fhe aécand fipkhesp ef thapthrdlitgof MIir al i ty of
apertbres in the at |least one first insulating | ayer, wherein each
apertureldyeisns a holl ow regi on beneath the second 'insulating |ayer within
the at |least one first insulating |layer. 2. The. sem conductor device
according to Claim1l1, further. conprising interconnects fornmed ZI) in the

at | east gone The'sehidofdiilorlidvild 000yt he pi ece.
3. The sem conduct or de\?l ce ac?té%\r{ {é]rkf‘%&a g‘ﬁ%&%ﬂhvﬁ%gyﬁr Ctoﬁlé’néisv‘)’ﬁgktst one
first i ”%‘b‘o&ﬁ&' B %bout 10 000 A of Si0,, ﬂuormated silicate glass (FSG) oxide, plasma-enhanced

oxide, high density plasma (HDP) oxide, or spin-on glass (SOG).

7. The semiconductor device according to Claim'5, further comprising a layer of silicon
nitride or silicon oxynitride disposed between the écnsor and the ILD layer, the silicon nitride or
silicon oxynitride layer comprising a fourth thickness, wherein each aperture extends through the

fourth thickness of the silicon nitride or silicon oxynitride layer.

8. The semiconductor device according to Claim 3, further comprising a layer of silicon
nitride or silicon oxynitride disposed between the sensor and the ILD layer, the silicon nitride or
silicon oxyninide layer comprising a fourth thickness, wherein each aperture does not-extend

through the fourth thickness of the silicon nitride or silicon oxynifride layer.

9. The semiconductor device according to Claim 4, wherein fhe plurality of IMD layers
comprise a phurality of layers compﬁsmg SiN » SION, 5i0,, fluorinated silicate glass (FSG)
oxide, plasma-enhanced oxide, high dens1ty plasma (HDP) oxide, spm—on glass (SOG), or

combmatwns thereof
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| ayer conprises a first thickness, wherein each aperture extends through
ffie. first thickness of the at least one first insulatin la 9 y5r. .4.
The sem condudtor device according to Caim3, wherein the at |east one
insulating layer conprises a plurality of inter-netal dielectric (H~I D)

layers, th& pl Tiresdeintcpndrictor BNAER deadt@ing to CIRIPY,ivitieRsh éhB BEDNEYel Hinfenass .,
whérein nmetal interconnects' are'- fornmed within the plurality of 10

| ayers, apghriehiesel he second thi ckness of
i @ie@b:%ﬁﬁ%fiéﬁ_l%iﬁl& gaggnfcﬁ%ﬁ&d%a%& BLAUGHet

the IM layers. _ conduct or devi ce “according to Claim4,
wherein the at |east one insulating |layer conprises an inter-|ayer

dielectri | L ' d oy : tti t kpi . the at
east  one’ Inut ST REoTaEr BARGEr2Re < Omt R eer Bt L T Wi een cach
aperture extends .throu Qbé]%&t hjrd 1t{hi ckness of the |LD [ ayer and the
Second  t h{&RHRTrSE PRLOHNOIAL Abg 51000 AreE SHa,csinsie sifess Sien{on atidbor

device according to Claim5, wherein the ILD | ayer conprises .about 4,000
k to abouplagna-emencedoxige,Gidgh dehsityplismat(HBPS btids at pigbmglass(SOSHrndwhelen
pl asma- enhanced oxide, high density plasma (HDP) oxide, or spin-on glass

(SOQ) . 7. edbh@Vibelayes baeieCihpd coiiee afe 0000A Rpatogt 00 fHsiNfopkidaer conpri sing
a layer of silicon nitride or silicon oxynitride disposed between the

sensor and the ILD layer, the silicon: nitride or silicon oxynitride |ayer

compri sing.a FokRidfdeloR BSiee #BSASE D CARD1 ANREAESH SRR LRLQYIN the

shape of a circle, oval, square, rectangle, or a combination thereof,

13, The semiconductor device according to Claim 1, wherein each aperture comprises a

width of about 1.0 um or less.

14.  The semiconductor device according to Claim I, wherein the plurality of a.pcrtures'are

spaced apart by at least about 0.1 pm.

15, The semipgnductor deyice according to Claim 1, wherein the second insulating layer

comprises a non-conformal dielectric material.

16, The semiconductor device according to Claim 1, wherein the second insulating layer

comprises a transparent or a translucent material. -

17. The_ semiconductor device according to Claim 1, wherein the second insulatiﬁg layer
comprises about 4000 A to about 8000 A of plasma enhanced (PE) oxide, silicon nitride (SiN)

or silicon oxynitride (SiON).

.20



fourth thickness of the silicon nitride or silicon oxynitride |ayer. 8. The
sem conduct or device according to Claim5, further conprising a | ayer of
silicon nitride or silicon oxynitride disposed between the sensor and the
ILD | ayer, the silicon - itride or silicon oxynitrid |ayer conprising a

fourth thB.cknBesemitheteiondRae AcaRatd Heif0e - h h.the fourth
t hi ckness of the silicon nitride(NésiI?cgﬁ§%%%%%¥ﬁ%%HW%§é§&%§?a%ﬁé

sem condughd wheM ' t im 4 rein th lurality of INMD

| ayers (k;%gﬁrrpri gfﬁggglsgﬁgﬁh%&gﬁgl g)%)r&ésn%%%ﬁggqpﬁﬁg@’ Pfﬁ‘ﬁa&sﬁ’ > pluggfityyof
fluorinaged silicate glass (.FS G oxide, plasm-enhanced-oxide, high
density h?asna ( HDP) oxide, spin-on glass (SOG, or conbinations thereof.
-19 10. The seni conductor device according to Claim4, wherein each | MD

| ayer coqgris%s a  barrier layer and an insulating |ayer disposed over the
barrier Fayer Lhesemicypdiictor Agvins achooding todBaiincle véeretr itk f8sdr Qorehiddefn 10, wherein
each IMD layer insulating |ayer conprises about 6,000 A to about 11,000 A
of Si 02, phétodiedenat ed silicate glass (FSG oxide, plasma-enhanced oxi de,
hi gh density plasma (‘HDP) oxide, or spin-on glass (SO5, and wherein each
| MD | ayer barrier layer conprises about 100 A to about 800 A of SIN or

Si ON. 12. The sem conduct or device according to Claim 1, wherein each
aperture conprises a shape of a circle, oval, square, rectangle, or a
conbi nation thereof. 13. The sem conductor device according to Claima1,
wherein each aperture conprises a : -
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wi dth of about 1.0 pmor |less. 14. The sem conductor device according to
Claiml, wherein the plurality of apertures are spaced apart by at |east
about 0.1 pm 15'. The semni conductor device according to Claim1, wherein
the second insulating |layer conprises a non-conformal dielectric material.

16. The gem candtbéddr ntl@uf60riReL @ndidhdudtér debidé, MhelmetdiiofipAsihfte second
i nsul ating layer conprises a transparent or a translucent material. 17.

The semn condu V, c

i nsul ating | agfogfd rrdvpé\rl gésé gl p&)ﬁ%gb&kﬁn?ajfg“%@%g }:\&%P&Fﬁ agna enhanced
(PE) oxide, si.licon mtr;ngﬁ éﬁ{ﬁ or silicon oxynitride (SiON). -20 18.
The semi condulFBIREASTTOBIACHSHCEY™M 0 O ai m 1, wherein each aperture
conprises a top region, wherein the second insulating |layer extends into
the top regi ofTBANEH iastone firseinguleing]lasey vt thesspsor i thesfirstregiomangl over the

sem conduct or device according to Claim1, wherein the sensor conprises. a

phot odi odecon?@egigh; met hod- of manufacturing a sem conductor device, the
met hod conprising: providing a workpiece, the workpiece including a first

region and a sgaERKh SR apd-RAFTiNER aSEA A th&diAE 1akbr ovhr the SnkY?; and

~ forming a second insulating layer over the at least one first insulating layer and the
| plurality of apertures in the at least one first insulating 1ayer, wherein each aperture forms a

bollow region beneath the second insulating layer within the at least one first insulatiﬁg layer.

21.  The method according to Claim 20, further comprising forming interconnects in the at

least one first insulating layer in the second region of the workpiece.

22.  The method according to Claim 20, wherein the at least one first insulating layer
comprises a first thickness, wherein fonning the plurality of aperfures comprises extending the

apertures through the first thickness of the at least one first insulating layer.

23, The method aceerdipg to Claim 22, wherein forming the at least one insulating layer
comprises forming 2 plurality of inter—metal dielectzie (IMD) layers, the plurality of IMD layers
eomprising a second thickness, further eomplisillg forming metal interconnects within the

| plurality of IMD layers, and whereia forming the plurality of apertures. comprises extending the

aperfures through the second thickness of the IMD layers.
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formng at |least one first insulating | ayer over the sensor in the first
regi on and over the second region; formng a plurality of apertures in
each at |east one insulating |ayer over the sensor; and formng a second

i nsul at i 9 | ayer over the at |east one first insulating |ayer and the
plurali tg of Hpertipdascording 9 laim 1o wbereiprforriing ht af lvstbmtihanditibgyses wher ei n
each aperture forns a hollow region beneath the second insulating |ayer

Wi t hi n t ReTDBEsey @asmgem'mtd'-ﬂaysndiélacstﬂ&ﬁLDylglyd;raﬁ'@bsed&leI a}[g@od@[gl}gg according to
Claim 20, further conprising formng interconnects in the at |east one

first inswklata foay/ R fmil NG £ i.ece. 22. The
nmet hod acco%icﬂgcto?ﬂmg?%h%g%ﬁﬁf Eﬁ‘lﬂg’g{l Q%t léa&%ngﬁé@ﬁéﬁyqrnsul ating

wherei n the east
| ayer CcQRRkE .y ickness,. wherein farmng the plurality of
apert ur eg&ggﬂrlrp %I stgg& @cﬁeﬁ% ?%‘%Wgﬁsm fsang @F B@“ﬁiﬁf GaHHESOmprias exfendivgess of

the at | east rﬁjpe irskt1 insgl ating layer. 21 The nethod according to Claim
22, wher &f5fPF ‘?ﬁt{“@ug fae Grd fuglessef heilhB dayat antghd seyend thickaeps 6ftks f or mi ng a
plurality of inter-metal dielectric (IMD) layers, the plurality of IM

| ayers @bHdHY i IV liysrecond t hi ckness, further conprising forming metal
interconnects within the plurality of IMD |ayers, and wherein formng the
plurality of apertures conprises extending the apertures through the

second t B5cknssmethod HeorkivPrd GYRK 34, wiRRirfrmi had. agcording to daim
23, wherein forning the at | east oﬁg]hf%ngﬁﬁégnt@ glelrfg%el%ar%'éﬂ % rmng an

i nter-1 aygsudioph RG6 iddit 16,006 R of SBE M ILSROP s?l?caf%vg ass ré((j}) %%%g,tglgsgmat- he

enhanced oxide, high density plasma (HDP) oxide, or spin-on glass (SOG).

26.  The method according to Claim 24, further comprising forming a layer of silicon nitride

or silicon oxynitride over the sensor, before forming the ILD layer, the silicon nitride or silicon
oxynitride layer comprising a fourth thickness, wherein forming the plurality of apertures

| comprises extending the apertures throngh the fourth thickness of the silicon :n_itrid_e or silicon

oxynitride layer.

27.  The method according to Claim 24, further comprising form’ing a layer of silicon niﬁde

or silicon oxynitride over the sensor, before forming the ILD layer, the silicon nitride or silicon
oxynitride layer comprising a fourth thickness, wherein forming the plurality of apertures does

not comprise extending the apertures through the fourth thickness of the silicon nitride or silicon

oxynitride layer.
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wor kpi ece, before formng the plurality of IMD |ayers, the at |east one
insulating layer conprising a third thiclnmess, and wherein formng the
plurality of apertures conprises extending the apertures through the third
t hi ckness of the ILD | ayer and the second thickness of the plurality of

|1 vi D | aymrs. T2B methbe advetdhado @t4ar2d] wikrtin fotnaigtherluraliief B ldyersni ng the 1LD
| ayer conprises formng about 4,000 A to about 10,000 A of Si02,

fLuori nated siligat hfsing BN SIBN, SITAMeedaexiitate dsgh
density p ;ﬂ]%és(f %é’@ @%@W%gﬁ%rggﬁm%ﬁs%ﬁai@%@g@@ 26. The net hg:)haolS

accordin Cl.aim?24, further..c [k Sl I A : I ki

T de BROLPYiRe BB Qe e dRe R DR PSR oS GRERY

| ayer, the silicon nitride or silicon oxynitride |layer conprising a fourth
t hi cknesscoryinatiensiheretini ng the plurality of apertures comprises extending
t he apertures through the fourth thickness of the silicon: nitride or
silicon oxynitride |ayer. 27. The method according to Caim24, fuyrther
conpri si r2p.f orTiengtmdaypetingto Giim owhereinfomdng epeh BYDilaysncamppisrsiPigee over
t he sensor, before formng the ILD layer, the silicon nitride or. silicon
oxyni t ri depiAsasyes itbinshg th Asil@thptifyet bict krdagier lapar ei n form ng the
plurality of apertures does not conprise extending the apertures through
the fourth thickness of the silicon nitride or silicon oxynitride |ayer.

28. The gy hodpaGealdllanthedife Qb 253 widhe Shfind ATV [bfeeintlifillifey of | WD
| ayers conpriseés tormng a plurality of layers conprising SiN~ S ON, S,

fluorinat go%:psris&lasl f%%gigg géo%? g,OOO A to about 11,000 A of Si0,, fluorinated silicate glass (FSG)

oxide, plasma-enhanced oxide, high density plasma (FIDP) oxide, or spin-on glass (SOG), and
wherein forming each IMD layer barrier layer comprises forming about 100 A to about 800 A of

SiN or SiON,

31, The method according to Claim 20, wherein forming each aperture comprises forming a

shape of a circle, oval, square, rectangle, or a combination thereof.

32.  The method according to Claim 20, Whérein fbrming each aperture comprises forming an

aperture having a width of about 1.0 pm or less.

33.  The method according to Claim 20, wherein forming the plurality'of apertures comprises

forming the apertures spaced apart By at least about 0.1 pm.

34,  The method according fo Clﬁim 20, wherein forming the second insulating layer

' comprises forming a non-conformal dielectric mater_ial.
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(FSG oxide, plasma-enhanced oxide, high density plasma (HDP) oxide,

spi n-on glass (SOG, or conbinations thereof. 29. The nethod according to
Claim 23, wherein form ng each IMD | ayer conprises formng a barrier |ayer
and formng an insulating |layer over the barrier-layer. 30. The nethod

accor di n§g5t o Theansthc@%cconding ©iTlaifron0Tvhéteid dsthid R LRV inbgiH-adj.ng | ayer
conpri ses form ng about 6,000 A to about 11,000 A OF Si 02, “fluorinated

si | i cat e chasss ﬁﬁ%aggﬁg iggm OP%WC&Q%%@E oxi de, high density plasma

(HDP) oxide, or spih- ass erein formng each I MD | ayer
barrier layer conprises form ng about 100 A to about 800 A of SiN or SiON

31. The th rding,to ai 0, wherei.n form ng, each aperture

conpri sers5§ f o?ﬁ]he%é‘%@{’ agﬁcg%g Bt lguﬂtﬁgpggmﬁgrgpgg %ﬁﬁ%ﬁoég msdatingdares, or a
conmbi nation thefeof. 32. The nethod according to C aim 20, wherein formng
each aperPHPECLOHBIE deaytt Q00 fogbewt 808 of plesmhenhamgd &PHyicdtide, slicoahiuide 1. O
}gymor |ess. 33. The nethod according to C aim 20, wherein form ng the

pl ural i t {Siof) omylenoh xwstridef@®Nses form ng the apertures spaced apart by at
| east about 0.1 [.m 34. The nethod according to C aim 20, wherein formng
the second insulating |layer conprises formng a non-conformal dielectric

mat eri al 37: 24T@metAbPacbRIRL D ERHOL6 WGrel%at stm&%m%%s%it& xregiroﬁj ng the
second insul ating | ayer . S T
wherein forming the second insulating layer comprises forming the second insulating layer in the

~ top region of each of the 'pluralitj of aﬁer’cﬁres.

38.  The method according to Claim 20, wherein forming the sensor comprises forming-a

photodiode.
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conprises formng a transparent or a translucent material. 36. The nethod
according to Claim 20, wherein formng the second insulating | ayer

conprises form ng about 4000 .A, to about 8000. A of plasnma enhanced (PE)
oxide, silicon nitride (SIiN) or silicon oxyni.tride (SiON). 37. The nethod
accordi ng% o @ simccdBuctatdevied, compidingapert ure conprises a top region, :
wherein formng the second insulating |ayer conprises formng the second

i nsul ating |aﬁ@foriﬁe&@&ludﬁr%&ﬁx@&iaﬁﬂnﬁdaes@éﬁﬂd%%ﬁrpe plurality of apertures.

38. The nethod according to Cainm 20, whereintTormng the sensor conprises

formng a ph ' em.conduct or device, conprising: a workpiece
I ncl udi ng a f%sg bl?%grp%dﬁlggﬁﬁj‘@rg%g%nd region; a sensor forned in the first
regi on; at Ieas% one first insulating | ayer disposed over the sensor in the
first region Zh§aHiPepidisdasulaing layerdsposedsiver the sanee in thp drshiegiongad dispesedr j r st

I nsul ating |ayer conprising a thickness; interconnects disposed in the at

| east onedVRi the secondiekinni theatlleagbonei fstinselaerlapet compriising achickdess; wor kpi ece; a
plurality of apertureées forned in each at |east one insulating | ayer over

the sensor i nifith@onretts Aispdsedinafe a@@@tbnathsﬁﬁu@%qhwﬂi tAGsdeBideghh siEe
t hi ckness of the at |east one first insulating ayer; and

workpiece; _ _ '

a plurality of apertures formed in each at least one insulating layer over the sensor in the
first region, each aperture extending thrdugh the thickness of the at least one first insulating
layer; and

a second insulating ‘laycr disposed over the at least one first insulating layer and the
plurality of apertures in the at least one first insulating layer, the second insulating layer
comprising a non-conformal dielectric material, wherein each aperture forms a hollow region

beneath the second insulating layer within the at least one first insulating layer.

40.  The semiconductor device according to Claim 39, wherein the at least one first insulating
" layer comprises SiN, SiON, SiO,, fluorinated sﬂic;ate glass (FSG) oxide, plasma-enhanced oxide,
high density plasma (HDP) oxide, spin-on glass (SOG), or combinations thereof, and wherein the

second fnsulating layer comprises plasma-enhanced oxide, SiN or SiON.

41.  The semiconductor device according to Claim 39, wherein the second ingulating layer

comprises a transparent or a translucent material,
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a second insulating | ayer disposed over the at |east one first insulating
| ayer and the plurality of apertures in the at |east one first insulating
| ayer, the second insulating |layer conprising a non-confornmal dielectric
materi al, wherein each aperture forns a hollow region beneath the second
i nsul ati g | aersemicorduator Aevicatacdosting todMeimf 397 SherkineialbMte biGises 40, The
sem conduct or device according to Caim39, wherein the at |east on€ first
i nsul at i mgion| witeein deRPIORS B8LITD, 21D ; i ilicate glass -
(FSG oxide, plasna-enhanced oXi cf? %Iidg %gﬁiépﬁyg/é%ﬁgfs%gh§h&§ﬁ@%ﬁ%€

spi n-on ghamges(SOG) , or conbinations thereof, and wherein the second

i nsul ati ng | ayer conprises plasnma-enhanced oxide, SIiN or SiON. 41. The
sem conduct or device according to Claim39, wherein the second insul ating

| ayer conprises a transparent or a translucent material. -26 42. The

sem conduct or device according to Caim 39, wherein each aperture conprises
a top region, wherein the second insulating |ayer extends into the top
region of each of the plurality of apertures.
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