{ Hollow Dielectric for Image Sensor. TECHNI CAL FI ELD [0001] The present

i invention relates generally to the manufacturing of sem conductor devices,
f-and.nore particularly to the fabrication of seniconductor devices wth

' integrated image sensors. BACKGROUND [0002] Optical electronics are used

many consumer el ectroni cg(ﬂ[oggFﬁgﬁctﬁyg& BRadh Wehddy caneras, fax machines,
scanners, security and surveillance caneras, “personal conputer (PC

canmeras, cancorders, nobile phones, personal digital assistants (PDAs) and

toys, as_exanples. Sonme optical electronics utilize inmage sensors that are
fabri cat - IBHCALSER Ponduct or substrate, with logic circuitry and support

circuitry being formed on the sane substrate. For exanple, one such -

i nt egr ated..k mge, sensor. device.is a ¢ | ement ary netal oxi de sem conduct or
( CVOS) ‘@E}%e sﬁlﬁestF‘"?en{lﬂY P pelades %ﬁéﬁg@ﬁw 08 Of ERIFINUEBTpr i se an
array of sensors forned roximate digital integrated circuit devices which
may i ncldiEes gyimons ipm@gnlgrgy tottheafabiication sf scammndutdralevigest witleintegrapadriznps .

[ 0003] A problemwith i mage sensors forned on the sanme sem conduct or
substratenas. | ogic. and other circuitry is that several |ayers of
dielectric naterial 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 adesBARBGROREYR | vity of the sensor. -1 [0004] Therefore, what is
needed in the art is an inproved CMOS i mage sensor design and

(\«_‘ [0002] Optical electronics are used many copsurmer electronics products, such as digital
cameras, fax machines, scanners_; security and sﬁrvéﬂlance ca_mcras, personal computer (PC)
cameras, camcorders, rt_xobﬂe pﬁoﬁes, personal digital assistants (PDAs) and toys, a;<; exa;fﬁples.
Some optical electronics uﬁﬁze imag_e SEnsors thét are fabricated on a semiconductor sﬁbstrate,

- with logic cireuitry and support circuitry being fofmed on the same substrate. For example, one
such intégrated ﬁagc senéor déw./ice isa complementary metal oxide semiconductor (CMQ S)
Image sensor. Integrated image se-nlsof dev_ices usuéilly compriée an array of sensors formed
proximate digital intcgrated cﬁéuif ﬁeviées which may include logic circuits, ransistors, and

N ‘othe_r active components. | |
[0003] A problem with image sensc;rs formed on the same .§cmiconduc'tor substrate as logic
and other cirpuitry is that seve:cgl layers of dielectric mateﬁgl are deposited over the image

" sensor. The dielectric material layers decrease the sensitivity of the sensor, resulting ina

~ decrease in the amount of liéht or energy sensed by the SEnsor, which de‘gradeslthe sensitivity of

the sensor,



s

met hod of fabrication thereof that results in increased sensitivity of the
sensor. -2 SUMVARY OF THE | NVENTI ON [ 0005] These and ot her problens are
generally solved or circunvented, and technical advantages are generally
achi eved, by preferred enbodi nents of the present invention, in which a

di el ectghfghavi I ' .S formed over nSOr i,conduct or
devi ce,[rﬂgg?]m ttﬁ%‘g‘-}&&lﬁb@gt Fﬁ%h@r@? Itl.éen rl(“ﬁn Wr?‘éeélchéﬁémgs%ﬁg%sf) ?d%%g]a{ri(gsul ting
in a sensQr . w .increased sensitivity.: A plurality of apertures is

f or med mﬁt?‘ﬁ@\g%ég’é‘?at‘% efqogg‘ﬁt TeHE B incHgsedssantiay ob e dersaver 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
hol | ow regi ons over the sensor beneath the second insulating |ayer and
within the at |least one first insulating layer. [0006] In accordance with a
first aspect, there is provided a sem conductor device includes a workpiece
having a first region and a second region, and a sensor being forned in
the first region. At |east one first insulating |layer is disposed over the
sensor in the first region. The at |least one first insulating layer is also
di sposed over the second region. A plurality of apertures is formed in
each at l|least one first insulating |layer over the sensor. A second
insulating layer is disposed over the at |east one first insulating |ayer
and the plurality of apertures in the at |east one first insulating |ayer.
Each aperture fornms a hollow region beneath the second insulating layer
wthin the at [east one first insulating |ayer. [0007] In accordance with a
preferred enbodi nent of the present invention, a nethod of manufacturing a
sem conduct or device includes providing a workpiece, the workpiece.
including a first. region and a second region. A sensor is forned in the
first region, and at |east



. one-first.insulating layer is forned over the sensor in the first region
and over~the second region. A plurality of apertures is fornmed in each at

| east one insulating |ayer over, the sensor. A second -3 insulating |ayer
is formed over the at least one first insulating layer and the plurality of
apertures_in.the at |least one .first insulating |ayer. Each aperture forns
a hol | ow QEA&E WVHRErIodtond insulating Tayer within the at |east
one first insulating layer. [0008) In accordance with a second aspect,
there i OQ&ﬁVid o@as i conduct or device includes a workpiece having a
first region and a Second PrEgsire gnerlly solsehorairctmiened; andechnical t he fi r st
region. At |east one first insulating |layer is disposed over the sensor in
the firAOVIHRgELHe Bnerally aehieysdsestbrofered thisodieannet thePleht idvBRidAl i Wiash one
first'ig;ggat[ng inlgayer having a thickness. Interconnects are di.sposed in
the at | tctmrteving helow rgidnats oemd i ion of the
wor kpi ece. A plurality og%gterture§ﬁ¥§f?%?ﬁ%3@?ﬁa§%§ gﬁﬁﬁéﬁg%ggﬁg g

i nsul at imgre light OF e i.n.the.first region, each aperture
ext endi ng £ t:?gug% t%ot}%ie%ﬁﬁgg%&’ggdfeﬁ “ﬁ%’niaegﬁgstogﬁ’ 1Rqreased SeREIIVEY.i g

| ayer .. insul ating layer is disposed over the at least one first
i nsul atﬁ%g i gggaﬂ’ '“3%%{85 ’tg-ﬁ%m%p&? éﬁ?acgym?fﬁfmm&@WMme@w&ﬁasbnmmanﬁi rst
i nsul ati ngc({qgi{)g{ﬂ?_t he second insulating |ayer conprising a non-confornal

di-el ect A g layes isrieppsitet over thoaprrues atibht @MWe 48 GhORrsPRBARL 1h
second insulating layer within the at |east one first insulating1ayet.

[0009] Adcapsiatige sheppeteey wd cesaachamRg ﬁoﬁgs Lhe ﬂﬁrsgﬁs%?hel;{cﬁt\bﬁﬁﬁ% %%Qﬁé ncl ude

providing a sem conductor device havin Sensor w

sensiti mﬁngﬁbﬁgraﬂgﬁ&% Jt?éa@?ﬂlei tﬁ’%ﬁ{?&hn ul ating | ayers over the sensor

permt nore energy or light to pass EE- i nsul ating layers and . -
reach the sensor. The apertures decrease the anmpbunt of destructive

i nt er f ed@MEE t hiaEcepsganpewittcalirseplyy, thdreisipreadeati Nng | ayers when |ight or
energy passes through the -insulating |ayers. The

semiconductor device includes a workpiece having a first region and a second region, and a -
sensor being formed in the first re gion. Atleast one first insulating layer is disposed over the
sensor 1 the first region. - The at least one first insulating layer is also disposed over the second

region. A plurality of apertures is formed in each at least one firstinsulating layer over the sensor. A A
second insulating layer is disposed over the at least one first insulating layer and the piura]ity of
apertures in the at least one first insulating layer. Each aperture forms a hollow region beneath: -

the second insulating layt_:r within the at least one first insulating layer.

- [0007] in accordance with a preferred embodiment of the presént inventio.n, a method
- of manufactering a sepiiconductor device includes providing a workpiece, the \;VQricpiece. _
ihcll?ding a first region and a scconc} region. A sensor is formed in the first fegion, aﬁd at least
 one first insulating Iayer is formed over the sensor in the first region and over the second Tegion.

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

3-



- pi xel size of the sensor may be decreased in accordance with enbodi nents of
the present invention. [0010] The foregoing has outlined rather broadly
the. features and techni.cal advantages of enbodi nents of the present

i nvention in order that the detailed description of the invention that -4
fol | ows ingfatse aest isdprmaddwesthe etleashdat firsidnailatihg &iyer 24 tensluadyani@gess of
enbodi nents of the invention will be described hereinafter, which formthe

subj ect iofthd ddeast e fist dfsulafigg iay¥e HablPiperthie fosOMHoR S ARPE&EMARHR N t hose"
skilled in the art that the conception and specific enbodi nents disclosed

ey be riaadidig it bikRthos 1808 BiuiRg1dyl ng or desi gning ot her
structures or = processes for carrying ou € sanme purposes of the present
invention. It should also be realized by those skilled in the art that
such equi{@fflent boewsdirdance ivtimg setondadpedepartis froadedtahe spirit and scope of
the invention as set forth in the appended clains. 5 BRI EF DESCRI PTI ON OF

THE DRAVSEMGon 8 devic® [ncidd®s %oﬂﬁ)'f@% ﬁ%ﬁé@eﬁig{ bR s@bnd Qgiog{@ﬁf%né

i nvention, and the advantages thereo refice I's how nage
fol l oW Pl o -aken in _copjunct i with the acconpanyin _
dr awi ngsr}s,g n%ﬁﬁ%é gﬁbgﬁguo%g;ﬁ!‘%&ﬁﬂ?ne ‘%J lgﬁ%‘i’l@of{;ﬂﬁ?ﬁ“&m&ﬁf{e@é FHSE&%IQIW g%‘i devi ce
I ncl udi n% an, if?lt ggrat ed image sensor, wherein the insulating layers
di sposedBRPE " iR 8T8 sagaqsrand 4x dispased even heisgeoni meaiart, theahleastane first ingiigiagt he
sensitivity of the sensor; and [0013] Figures 2 and 3 show cross-sectional
vi ews oflayer Sevingothicknessr Intencbneechitarandisfosstsin tisd AYRG 0af f@MELRGLIETNE | N
accordance with a preferred enbodi rent of -the present invention,,
the second region of the workpiece. A plurality of apertures is formed in each at least one .
insulating layer over the sensor in the first region, each apefture 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 lgyer and the plurality of apertures in the at least one first insulating layer, the
second inéulatiﬁg 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.

[0009] -A_dvantages preferred émboc_lirncnts of the present invention include providing-a
'Semicondﬁctor device having a sensor with improved sensitivity. The‘ aperfures formed in the
insuiating Iayersoner the sénsc;r permit ﬁore_ enér@ ér hght to pass through the insulating layers
~ and reach the sensor. The apertures decrease the gmounf of destr‘uc’ci\'rhe interference that may be
. caused by the iﬁsulating lajfers.when light or energy passes through the in;sulating' layers. The
pixel size of the sensor may be decreased in accordancé with embodiments of the present

invention.

[0010] The forégoing has outlined rather Broadly 'the_ features and technical advantages of
embodiments of the present invention in order that the detailed description of the invention that

A-



., ‘'Wwherein a plurality of apertures is fornmed in at |east one first insulating
| ayer di sposed over the sensor; [0014] Figure 4 shows a top view of the
sem conduct or. device shown in Figure 3; [0015] Figure 5 shows a
cross-sectional view of the enbodi nent of the present invention shown in

Fi gur edoRowsmetigbetterafilenstoad. s&dditichal Rstha@tdnodaBMes: oF SmbodilReks Q¥eal, t he ,
apertures and the at least one first insulating layer; and [001%{ Figure 6

shows dnrednfier will B &kéidg 'Frgla,%}- i pventken,. wherein the
second insul ating | ayer ?g?%g& bve?ﬁ%ﬁ%ng%géﬁéﬁgémgil ﬁaﬁg%ﬂ?ﬁﬁﬁP? ﬁnto a’
top regi : res.. [0017 rresponding nunerals and synbols in
the df FrondRh s ERR ARl ] b Tl b S BB ap A g

ot herw se ingica ed. The figures are drawn to clearly illustrate the

r el evarfSASHLERE %Tea@Wél%lﬂ‘é?%raﬁ@aS éarboeflifying s desighimgy dhaotructeeessari |y drawn
to scale. -6 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [0018] The
meki ng RIPRESHES forgamying bt thr same ptdpysearot fiey prednamRasbIrEniSuRr Ssdheeussgd i n
detail below. It should be appreciated, however, that the present

| nvent iipnbpealdlies: WY GaRRL ARl Rt EOKERLIJEASANOERL S LRl can g embod ed

in a wde variety of specific ctontexts. e Sspeci t*4%di scussed

are nerg i Lye pegific fo make and use the invention,’
and doEﬁge#ﬂéﬁﬁgééﬁéé%%ﬁémﬁfn Q?Fﬁ@g fi#8%; [0019] The present inventi-on

will be described with respect to preferred enbodinents in a specific

context, nanmely a CMOS i mage sensor. Enbodi nents of the invention may al so

be appli ed, however, to other semi conductor devices havi ng sensors- forned
in one region of a ' '



~ Substrate and other circuitry such as support circuitry forned in another
“region. Only one sensor and/or support circuitry region is shown in each
drawi ng; however, there maybe many sensors and support circuitry regions
formed on a single substrate. [0020] Wth reference nowto Figure 1, there
is showmn a prior art sem conductor device 100 including a workpiece 106
havi ng. j j ]&;F" d region 104. A sensor 108 is  forned
in the f%ﬁ?gé{:ﬁ@% a Eﬁi)c@?‘@gﬁg}geas 110 may be fornmed in the second
region 104 of the workpiece 106. The active areas 110 nay conpri se

Lransi StOst] di e ph@RRGILOLRer g B G ien b BRIES obbiied 1 o

over the workpiece 106. The active ar conprise  suppoft

circuitr sensor 108, for .exanple. -l.nterconnects 130 are required
to nake tﬁee“lreg%{ %ﬁg%%?% Ig%%f 3]@86 fodne élog’&rfrg) Scripfigngfakien 3o coppingion Wca&éﬁ’@onnect s
130 typicallg conpri se conductive lines and vias conprised of nmetal or _
ot her ~ c ATGURPYPEE GAWIngs &2 WhiGh1 |y formed in one or more insulating.layers
112, 118a, 118b, 118c, and 124. -7 [0021] In many sem conductor device

desi , i pl f i . . ) K I i cal
connect | S0 Hot nedr P S A AR SR el BP R B o o

exanple, in Figure 1, an |[nter-layer dielectric (ILD) |layer 112 conprises a
barrier T28r Wﬁ%mé%fdnﬂ%%r\@m%ﬁm@cq Qe fhe sarsor @N%st{lve infeafeppaps gndr

| ayer 114. The barrier |layer 114 may conprise silicon oxynitride (SiQN),
and t he Tedues the pengitividy efthd s@serpgnconpri se silicon dioxide or ot her
insulating materials such as low k dielectric materials, as exanples.

Tr ansi st[%r imd ]%t her 04) onents may al so be_ formed_over, the workpiece
106, not 3 . R im F9%-L6 VISP he! Beife@ﬁ"é’ﬁ@‘éc,tf’r@@ﬂ?ﬁe_ ggyarious
transistors, conponents and active areas 110, and provides electrical

i sol at i offegss OhBBAYAMErRS i sesardance siifhparefefred erbndindne pithe 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 embodiment of the present invention
shown in Figures 2 thfough 4 after a-second insulating layer is formed over the apertuies and the

at least one first insulating layer; and

[0016]  Figure 6 shows another preferred embodiment of the-Present invention, wherein the
- second insulating layer formed over the apertures extends slightly info a top region of the

" apertures.

[0017] Corresponding numerals and symbols in the different figures generaily refer to
c':orresp_on'ding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.

6-



['0022] One or nore inter-netal dielectric (IMD) |ayers 11 8a, 118b, and "Sc
are typically forned over the ILD |layer 112, as shown. Each |IMD | ayer
118a, 118b, 118c usually includes a barrier layer 120a,.120b, 120c
respectively, conprised of SiON, as an exanple, and an insulating |ayer
122a, 122b, 122c forned over the barrier layer 120a, 120b, and 120c,

respectpvel v ED Iﬂg?s onductive lines or vias
formed 1 n each Cwﬁﬁ%%ﬁg;gp§T@I@ﬁWM§ggs 118a, 118b, and 118c,
for exanple. [0023] The sem conductor device 100 may include a passivation

| ayer J@8U8] or n¥te onleihg hitusink QP tHelrdemUal ok A8E emB RSN dg%s%ﬁ%eﬁﬂt | on

| ayer 124 may conprlse a barrier |ayer 126 and a dielectric layer 128.

ool ?2%%?’3““@ ?%r‘ﬂ&%i%%%%%&%@@ggﬁv A RRA A PR y 1 n
t he secondure on,104 co " actjve areas 110 and other circuit
conponéhRY &V TPCThl Ftrf@ﬁ ﬁﬂﬁﬁq%d?ér“&del‘ﬂ?@‘ﬂlof@hm@lf@l}feﬁﬁ15@6 spegity 124 are

al so forned over the flrst region 102 conprising the sensor 108. This is

di sadvambedeses disessedere wieenty linghtive 82specifiotwags tofmakmand uartes gwveitondi r ect ed
toward the sensor 8 108, destructive interferénce 134 occurs wi thin each
of thezmﬂﬁnbaﬂmn@ﬂhamgm%fmg%nmﬁggg 118b, 1 18c, and 124. As the light 132
passes through each of the insulating |ayers 112, 118a, 118b, 118c, and
124, nore and nore destructive interference 134 occurs, resulting in a
reduct | [8AL91n ¢ ABe peesentiinversionivii e dgBAbslentiertsjpgt ﬂolpeefsmdsamboﬁﬁﬂentéfhﬂ 5
results in decreased sensitivity of the sensor 108. Sensitivity is defined

as t he sputifittorsdxgmamelyn EMOShHAES S| bEﬁ%S&ﬁQnt@%th@%ﬁHﬁﬁHEaﬁ hghet in

darkness. Therefore, | ar ger pi xel sizes are required e sensor 108 to

acco 'm‘_).ﬂﬁhﬂ hohedehits othgles%ﬁ%ﬁ&uc't& RO hta.{/fﬁ sgﬂsors o re'd% oBe rtec’l%en%lf gns-
substrate and other circuitry such as support circuitry formed in another region. Ounly one sensor
'_andlor support circuitry region is shown in each drawing; however, there may be many sensors

and support circuitry regions formed on a single substrate.

.[002{}] With reference now to Figqre 1, there is shown a prior art semiconductor device 100 .'
Spcludjﬁg a workpiece iOG having.a first region 102 and a second rcgj.oﬁ 104. A senso-.I 1‘08 1.
?ormed in the first region 102, and acﬁvé,_ areas 110 may be formed'in tﬁc gecond-region .1 04 of
P . the Workpiecé 106. Tﬁe activ;: areas 110 may comprige transistors, diodés, capacitors; or other
| circuit elements formed in or over the workpiece 106. The active axk.aas 110 may comprise
support circuitry for the sensor 108, for example. interconnects 130 are reqmrcd to make
~electrical 'c‘ontact to the active areas 110;_ 'fhes: interconnects 130 typically comprise conductivev '
| lines and vias comprised of metal or other conductors,-and are usually formed in one or more

insulating layers 112, 118s, 118b, 118c, and 124.



[0025] There is a demand in the inmage sensor industry for shrinking the

pi xel size of sensors and increase in the nunber of netallization |ayers,
to decrease costs. These factors result in the reduction of the sensor
area and degradation of the received |light by a sensor, respectively..

Wiile r t circuits and various pixel structures nmay be used to mtigate
t hese pﬁ‘gﬁgm, F@’rse%WBB‘FCé%éleﬁlﬁﬁBﬁgﬂﬁsﬁﬁﬂ&@éé‘é’élﬁ OFBeTCORBgHL A8 sidHe
sensitivity of a sensor may be anplified by increasing the circuit gain,
but t he mwde skecinsalgogrectiprbafasadhe 4002 6icathifouidmiet srooft corhponsniesBort

i nvention achi eve techni cal advantages by providing a mneshed. dielectric

st r uct urgamplehinlFaduroly dhegkoRgerfips sk (QMD?E?értlllQ @6mpriked NartitSaent 1gndl ayers
over a sensor to permt nore energy or light to pass through the

i nsul at i;gnduBYigl Byand 6Bk dvBah ; [1992 L OUELeS 2, how
cr oss-sgcti gnal Evi ews ofﬁ a sem c%ﬁ%&g{%}m&ggi @e%g&é@%@grr?ﬁﬂ?tﬁgﬁes of
manuf act yring_in _acc nce with_ g.prefe d enbodi nent of. t.he present
Mvent s HicoRfieRg ARERRRE alf oafB 15 ]| Goay Comataian LondSu i Re

i nclude a sem conductor substrate conpri-sing siljcon or other

seni con Bing matesialspuch edowrkadiclpgiriamaieniely) asexrmgplbaylsmsisfosy andeoflagipl e.  The
wor kpi ece 206 may al so -i ncl ude other active conponents or circuits such as

active ocosgiomds BdPalsobefonnsdkpiee e vA@bpismyl 06 0mp choe. Jhe (0D fayexi ideovarer
single-crystal silicon, for - exanple. The workpi ece 206 may include ot her

conduct itHEeleAYRE, Sull asttdnSikioRC b actife ReBITRIB! Shd poviides eleciagll StOr's,
di odes, etc. Conmpound sem conductors, GaAs, InP, SI/G, or SIC, as

exanpl estsolﬁ'@t?ﬁlﬁ%%vééﬁ%gdg&% Cegé)gﬁ(%i&fﬂe%g%i)e 'I;he wor kpi ece 206 may al so

S conprise a I'con-on-"insura tate. [0028] The workpi ece 206
includes a first region 202 in which a sensor 208 conprising a photodi ode,

; ﬁ (r]I | g?ﬁg}pm}i S TOueltR éhord Bifer A @RISLICAMD) 1R 45 1182 INBE An@ ¢80 GRaty 210

- formed oveér the ILD ‘1ayer 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, i22b, .1220 formed over the barrier layer 120a, 120b, and 120c, respectively. The v
interconnects 130 may comprise condu;:tive Iiﬁes 6r vias formed in each of the ILD layers 11_ﬁ
a_nd IMD layers 11813.,. 118b, and ilSc, for.c.',z.{ample. V | |
[0023] Thg semi.cor'lductor dévice 100 may include a passivation layer 124 fqm_md over the
top IMD layer 118c, as shown. The passivatién léyer 124 may qomp;isg a barrier layer 126 and

a dielectric layer 128.

[0024] A problem with the semiconductorlldevice 100 shown is that the insulating layers
- 112, 1 18a,1 1$b, 118¢, and 124 afe 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 1_24 are also formed over the first regioﬁ 102 comprising the sensor 108. This is |
_ disédvantageous because when' ligh£ 132 or other form.of energy is directed toward ihe Sensor

8-



-active conponents are fornmed within and/or over the workpiece 206. There
may be a plurality of first regions 202 and second regi ons 204 fornmed on a
singl e sem conductor device 200, for exanple, although only one first
regi on 202 and second region 204 is shown in Figure 2. [0029] In accordance
wth a freferred enbodi ment of the present invention, at |east one first

i nsul at {4gdeayEve mispferepggid4 cpqurg ithureaph efghs inslgingdayervid, 118e, WSbkpi ece 206
in both the first region 202 and the second region 204. The at | east one
first inso adilky Aspelightl?) p2ifahroddiBench of th #B6latigOaRId FBS 1884, higkness hi .
The thickness hl of the at |east one first insulating |ayer 212, 218a,

218b, O118218@ IDRYnROMN hSE AR veInfrill-fle 158 35eu {{ﬁ %sulgﬁ%gxoal Iecducfﬁo F&g@g 0] The

alternativel Y, the thickness hi may conprise o nsi ons.

at | easj [ a 218a, . 218b, and. 218c¢ may conprise
o | U iR of Pt it B b0 enBY s Toiesefil B act e ARy ok SHase of
exanpl e q‘ﬁlstgernatl Vg%%\ the at l|east one first insulating |ayer 212, 218a;
21 8b, X VIS elihas taeowme signahip byghines bebjrertsd bythe oupupsignal fre at

| east one first insulating layer may include 8 to 12 or nore INID | ayers

218 (‘nodarkevo\Fikictas, lagergiaigize. ard hauiitdroethe Sdnséd 108 to adistnkibldod @iker s 212,
218x, 218b, or.218c fornmed depends on the nunber of |ayers required for

the int %&@M@&nsﬁ%%%l egi ?{ﬁ ernatively, there may only be one
insul ating |ayer 212 °(or-218) ? med over the workpiece 206, for exanpl e
(not. shown). -10 [0031] In one enbodinent, an ILD | ayer 212 conprising a

barri er {00a§ker Mremddamndlmﬂﬁlmagmnéoammt@lf@r siinkiap MRchiosl 8fze b gendgE kpi ece’ .
206. The ILD layer insulating |ayer 216 may conprise silicon dioxide ‘

(S Q2) ; akd # al el
o enal Ty bl ama (LDby o e ko B o0 T PGS ER A"

al t hough, RLAR PRk 8L Yarea 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 present invention achieve technical advantages by providing a
meshed dielectric structure with hollow regions formed by apertures in the insulating layers over -

a sensor to permit more energy or light to pass through the insulating layers and reach the sensor.

[002"7'] Figures 2, 3 @d 5‘ show crossfsectic_)naﬂ views of a semiconductor device 200 at
vatious stages of manufacmﬂng in-accordance with 2 prefeﬁed embodiment of the present
invention. First, a workpiece 206 is provided. The Workpiece 206 may ihclude a semiconduc_tqr |
sybstrate comprisiﬁg silicon or other é:emicoﬁductor materials covered by an insulating layerl, for
-example. The _workpi_cée. 206 may also inciuda other active components or circuits such as active
regioﬁs 210. The ﬁorkpiecc_: 206 may comprise silicon ‘oxide over single-crystal silicon, for
iexample. T;he workpiece 206 may include other conductive layers", or other sémiconductdr
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t'he ILD layer insulating layer 216 may conprise other insulating materials.
The ILD layer insulating |layer 216 may conprise a thickness h2 of about
4,000 A to about 10,000 A, although alternatively, the ILD |ayer
insulating |ayer 216 may conprise other dinensions, for exanple. The ILD
llayer barrier layer 214 nmmy conprise silicon nitri de (SiN) or silicon
oxynitr Flféﬂf'{l%l B Uaﬂs’ét%ﬂwéwgﬁ% alct epmatindskpjcondimtary, Dahs el SBar.or 6iC, kayer 214
may conprise other insulating materials, as exanples. The ILD barrier

| ayer 2taamplys, coybe used implabé cRailess. Me@érkpiawm@;@@r afSotcOmpie tsilicGROn-A,
al t hough alternatively, the ED barrier layer 214 may conprise other

di mensi easdatdrgSOne¥EHRM.e. [0032] One or nore IMD layers 218a, 218b, and M -
conprising a barrier |ayer 220a, 220b, and 220c, respectively, and an

i nsul ating | ayer 222a, 222b, .and 222c, respectively, may be sequentially

f or med -40€¥8]t he Tht;Woﬂ@gcec QQG.BLCKLI&GSQL firsttéddoh 2§22 vidan sessor 203rovericves . | LD

| ayer. 212, |IMD layer 218b is forned over IlvID |ayer 218a, etc.). The HAD

| ayers 2h8Rdicdd8hr cxamdicdd Bemes, Qﬁ@ﬁe&en@regiynel@me%@ma?ac@@hem% and\dnphi ch

may conprise about3.5 mor -less, for exanp ough aIter natively, the

t hi ckne nsi 0] 18a,
S0l ot A o i L2 b
respectl an,insu atlng 222a,, 222b, 2220 dlspose over each
barrier fsﬁé&fé?"ns;g’éénd%ef 26‘% whan aaingle serpieondyaton dsyies 2 Q?atdqri er |layers
220a, 220b, 220c may conprlse S|I|con nitride (SN) or silicon oxynitride
(Si ON), eéamnb@ﬂnoagh@ﬂmma fimst npgion G2 RAsé@ridaegion?04 ib shyemsn PR0m 2. 220b, 220c

may conprise other insulating materials,. as exanples. Each IMD |ayer -11-

i barri er 220a, ., 220b,. 220 e a thickness of about 100 Ato
Iab out ;3380 y ccofdance w1thapre%errng em%o&gleilts of the preslentlinve?ltslon, at least (lJJne irst

msulatmg 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 at least one first insulating layer 212, 218a,

- 218b, or 218¢ may comprise about 9.0 pm or less, for example, although alternatively, the

' thjckness‘ h; may compﬁse other dimensions.

{0030] The'e.t least one first insulating layer 212, 218a, 218b, and 218¢ may eomprise an ILD
. 'leyer 212 and a plurality of IMD layers 218a, 218b, and 218c, for example. Aliernatively, the af
least ene first insulating leyer 212, 2184, 21 éb, and 218¢ may comprise one or more IMD layers
218, e.g., the at léest one first insulating layer may include 8 to 12 or ﬁnore MD layere 2:18 (not
shown), as an exémple. The‘ numl_)er of first insulating layers 212; 218a, 218b, or.218c formed
deﬁends on the numbe; of layers reqtiired for the interconnect 230 formation. Alternativ.ely, there
~ may ouly be one insulé,ti_ng layer 212 (or 218) formed over the workpiece 206, for example (not

shown),

-10-
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exanpl e, although alternatively, the IMD |ayer barrier |layers 220a, 220b,
220c may conprise other dinensions, for exanple. Each IMD | ayer insul ating
| ayer 222a, 222b, 222c may conprise Si2, fluorinated silicate glass (FSG
oxi de, pl asma-enhanced oxide, high density plasnma (HDP) oxide, or spin-on
gl ass (SOGQ as_exanpl es, although alternatively, the IMD |layer insulating
| ayers B034]  odpjene opbedimery, adhpiayee2 1 dvaiprisig Witairen thybBt @ hh@ks. Each | MD

| ayer insulating |ayer 220a, 220b, and 220c rmay conprise a thickness of

about 6;1G0Btin yer AbHistforkied Q0L iy ' X : | ternatively,
the IMD | ayers 220a, 220b, and 2‘5%?1%%2{%&)%??@21%1“’#%%%@%&?2@9”[0034]

The i nt @5@HKe eGESH &38d ! . dama e processes, for exanple, by
first depgfgk:at i 1rig a bagﬁ{gjs’e?lg@é%g g%@@%ﬂwiﬁﬁ]%ﬁ%@faﬁra%@haz@ﬂeeme,

pat t er ni I I 21.8a wth a desired pattern for the

i nter co%{r}i%cdg3 %ﬁﬁg?m? ﬁfﬁﬁf Hgdener s aneassi(FOEhes pvDplery dthopdiBatemiatiely,
conduct i ve[Lgﬁt erjal, and then renoving the excess conductive material from

the top RrLPAwer merlating layer 21@may cdnprise stopinculatthgdiabriAaBE GENE yet hod may
al so be used to fill the pattens in‘two |M |ayers 218a and 218b '

si mul t ameolatiglaydr @16 exqoRhrise bR A%E], "?%‘?"}kh@?@?‘?] g@?{?@%"gﬁo ﬁﬁg' ‘ﬂﬁé}t 5%” so be

patterned using damascene net hods. [0035 nnects .

230 may apendREREe Hh Y rocess. For _exanple, a conductive
material may bgﬂ%‘eposi gg .over&ﬁ;férm i@@%’“ﬁ%@tﬁe dimorgns donersanise :
mat er i a‘l‘ﬁ]@?ﬁbﬂ% %attei ned, in the desired interconnect 230 pattern. The
barri er Tayer 214 HitG 2Pt imayicapprisyaicon nitgdefSiher silidn baymsirid2 {KiGNE t hen
deposi ted over the interconnect 230. The IMD |ayers 218a, 218b, and 218c
may al s 2 Wi velyi the I bybitbemiet layer JiHoRBSHmpte HihbShslaRe Shirimgs,a
conductive material, patterni ng t he conductive material, and'then )
deposi t angrarples | 'ME m‘ﬁﬂ'ﬁ@fz’%&azu ﬁéﬁg&mﬁﬁgaaﬁé&essr ]ﬁ%@%&ﬂ Y@d Xto about

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

N example.

[0032]°  One ormore IMD layers 218a, 218b, aﬁd 218c coﬁlpdsing a barrier layer 220a, -
| 220b, and 220c, respectively, and an insulating layer 222a, 222b, Iand 222c, respectively, ﬁay be |
- sequentially formed over the ILD ,1_&_1yc% 212 (e. B IMD layexj 218a is formed over ILD layer 212,
MD layer_Zl &b is formed over IMD laye; 218, ietc.). The IMD layers 218a, 218b, and 218¢ |
cb@pﬁse a thigkness hs. Thickness h; which may.compﬂse about'3.5 pm or less, for example.,.

although alternatively, the thickness 1 may comprise other djﬁlcnsions. '

[0033]  Each IMD layer 218, 218b, and 218¢ may comprisc a barrier layer 220a, 220b,

| 2200, respectively, and an inSulating layer 222a, 222b; 222¢, disposcd over each barrier 1ayér
220a, 220b, 220c, respectively. The IMD léyér barrier layers 220a, 220b, 220c may comi)rise '
silicon nitride (SiN) or silicon oxynitride (SiON), althoﬁgh alternatively, the IMD layer barrier -

layers 220a, 2200, 220c may comprise other insulating materials, as examples. Each IMD layer

-11-



--'12 [0036] Next, in accordance wth preferred enbodi nents of the present
invention, a plurality of apertures 240 is fornmed in the at | east one
first insulating | ayer, which includes IMD | ayers 218c, 218b, 218a, and

| LD | ayer 212, as shown in Figure 3. The surface of the top IMD | ayer 218c

-may be expo ed to a chem cal - mechani cal _polish ( efore the at
| east  GHEAFT ST 220an&0b A 0p ey spmprisErpthichness el abgtitgwp A@%éﬁﬂl}@a% Fei'ned.

[00371 Preferably, in one enbodi nent, the apertures 240 extend through a
first texaipheskhdubh alterofivelighaiMDdagst barier lhyars220p,720b 220pmay egrepisp12, 218a,
21 8b, and 218c to expose a top. surface 242 of. the sensor 208, as shown.

The apegthei @medsddths MBYexBRple0 PASHINDI LiMgr thsGlatiel 18ydr 22RO RPILcpiiagaomprisest ep,
using a photore5|st as a mask, for exanple, or alternatively, two or nore

' ' t hogr%@‘yﬂ\&{rﬂﬁﬁéﬁlmﬁé@ﬁ S(t?%% ?ﬁgfnﬁ%ghatnge%&eeﬁlg%ti&@ﬂgg8b il {Hpgkness

of the’at 1east one ing layer 2 d 218c.

lfwot or RS iR OR BRSO B S@%ﬁfﬁ%‘éﬁh aﬁ@aaquﬁfp@%@ﬁlamm ke o

t hi ckness hl of the .at least one first insulatin ayer 212 218x 218D,
and 218leyesdi2aRathhPEe DOUISIHTIR @fﬂnerrlamwmgmtwbo%é JaveningHat@8bodi ment
of the present invention, the apertures 240 extend through a second

t hi ck ne&geﬂ@()afzmh,emﬂ QS(M:I @iy egnprizy @ thidkfssodf abdie 6J0DOA| tapbout 2 120G Adhks 2al so
through a third thickness h3 of the plurality of IMP |ayers 218a, 218b, and

218c. 1py e%‘H‘H @E&Eatwte t}éﬁﬁfﬁ 23@2@6?9{1@29@@%55% Aa@harr fourth
t hi cknes 4 of b rrier ér 214 o the I LD | ayer I n anot her

enbodi rrgwi} t he. apertures 340 do not extend through the fourth thickness
h4 of b ?n@ ayer 314 of the ILD | ayer 312, as shown in Figure 6. [0039]
Referring again to Figure 3, the plurality of apertures 240 may conprise a

-width dipgal] abold infrddnfRcey 23'0%1%13 be&"ﬂ%dd”by@ﬁﬁxa@@ﬁb%bdéﬁﬁ; foit dx@mpleUsyeficktt y - of
apertures 240 conprise a wid

depositing a barrier layer 220a and insulating layer 222a, patterning the IMD layer 218a with a

desired pattern for the inferconnects 230, filling the pattern in the IMD layer 218a with 2

'Qonductive. 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 218a and 218b simultaneously, for example. ILD layer 212 and IMD layer 218¢ may

also be patterned using damascene r:nethods.

[0035] Altemativ-ely, the interéonnects 230-111&? be formed using a subtra;:tive process. For
example, a conductive materiaﬁ f,nay be depbsitéd over the workpiece 206, and the conductive
material may be pattemed_ in the desired interconnect 230 patiern. The barrier layer 214 and
insulating laycr‘2'16 of the ILD layer 212 are then deposited over the interconnect 230. ﬁe IMD
layers 218a, 218b, ;and 218c may also be forﬁled usinga subtractive process, by first depésiting a
conductive material, pdttemjﬁg the conductive material, and then depositing the IMD layeﬁs 218a,

218b, and 218c, respectively.

-12-



of about 0.1 gmto 0.2 m for exanple. The apertures 240 preferably

conprise a width dr that is -13 less than the width of a pixel of the
sensor 208 (not shown), for exanple. The apertures 240 are preferably
spaced apart from one another by at |east about 0.1 m as shown at d2.

[ 0040] fsomBlr e NeShovs | f .sem conductor device 200 shown in
Figure @ gi#he apert u?(g%%gﬁgﬁhng{/gf%g %’B?ﬁ%@m&%@ﬂ %%P@Fenémﬁ?qi’@%é“: PERRHSY,

squar e, .. 0or conpinations thereof,. as shown in Figure 4. Al of

t he ape?f{aé‘rgé@&gifg “Srﬁvle@d%ﬁ iag‘z@a%tﬁ%e ghipsuiabing dayer whish dnplndea]NB lapats vel y, t he
aperturgs. 240 may conprise a variety of shapes, also shown in Figure 4. The
apert uri@cﬁgbw?déa,anﬁmgﬁraéﬂ,ws shidvarin Fipapek , TiwuoHaa of the AR Usper St ars, or
ot her shapes, as exanples. The apertures 240 are fornmed in the first

regi on 232 nul bt keepovith pkeegc McharRbhS R by ﬁ?g%% lﬁf&%ggega? }e?i%tgm'%% formed

in the second region 204 of the workpiece 206 nexstt to-
Figure ﬁ,mmqg@pgzi’ @I%Hé,@.‘iéﬂ‘%éﬁ%’ﬁﬁne%? is formed over the top 1MD | ayer
3 a .

1186, as shown.” The second r'nsu I'ng Tayer 250 preferably conprises a
non-conformal dielectric material ‘that. does not fill the apertures 240.

Rat her , [0088 sedoefetablpsin bﬁdm@dhﬁ&ﬁﬁh@@@m%@ﬁmxﬁnﬁ%!)%% SHicANd: 1,
I Wt hin The! -at

overl ayi ng the apertures. 240, form ng holl ow regions

| east ogfahd atN&kt d i I a b, and 21 Sc.,The, hol |l ow
‘regi on 244 corrpringg%%%ﬂgglgolg%glﬁlrzz’ég%a@?E@o@@g_ﬁﬁ eéPOSFﬁéo%@E@ﬁ%IS?%‘%*JuI ating -
| ayer 250 grfz%ggaats)l% conprises a transparent or “translucent material. The
second 1 Rsut ati ng Fayer BPW@&QB%&? & &nrpedt yeing phingpiithophphepocess PE)
oxi de, althqugh alternatively, the second insulating |ayer 250 may conpri se
ot her n¥fP: UEEht BRaReesist axamads, fug exempde, ionhlernativell, % o8 imloteCleho gty 36ceesSi N) . or
silicon .oxynitride (SiQ\), as exanples. The second insulating l'ayer 250 -
pr ef er afitpp eybprégeized fa phitine Krehs tabkndRaY bf HRQPIA bR £AANA %?%(3’?‘21?' though -
alternatively, the second insulating |layer 250 nay conprise er

218a, 218b, and 218c. If the first thickness by comprises about 2.5 um 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, 2185, and 218c, for example.

[0038] | Preferably, in éccordance with an ¢mboajnlent of the present invention, the apertures
.26}0 t?xtend threugh a second ﬂ.jli;[)lﬂleSS h; of the inl;sulaﬁng layer 216 of the TLD layer 212 and also
- through a third thickness hs of the plurality of IMD 1a3'(er$ 218a, _218b; and 218c. In one
e:_xibédi.mex_}t, the apertures 240 also extend through a fourth thickness hy of barrier layer 214 of ,
the ILD layer 212. In another cmbodimc_nt, the apertures 340 cio not e_:xtéﬁd throﬁgh the fourth

thickness by of barrier layer 314 of the ILD layer 312, as shown in Figure 6. -

10039] - Referring again to Figure 3, the plurality of apertures 240 méy cémprise a widfh.dl of
aboqt 1.0 pm or less, and in one embodiment, the pluralify of apertur;es 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 -

3.



di mensi ons, for exanple. [0042] The second insulating | ayer 250 overl ays
the apertures 240, sealing the apertures 240 and form ng a neshed
dielectric structure 246, as shown. The second insulating |ayer 250 may
-14 conprise a passivation |ayer, and may include a barrier |ayer of SiN or

Si ON and .nsul at.i.n L. ayer., conpri.si ng. PE oxi de or other insulating
material * ortH rflg eo“\?gpl (gﬁém%?ﬁtp%?e%%;@ gn%h%‘P“@ &orsrannle) o2 pigE2al B s hows
anot her e od{)}ment of the present invention, wherein |ike nunerals are
used for PFHEFRIY spases anaridiasm pre agather s dastabaut §Ur s agstommabigh 5.. To avoid
repetition, each reference nunber shown in the diagramis not described

again in il i er,. sipilar terial 2, x04, x06,. 08;

etc. .. at[gﬁ[{))ref e?%t{)lﬁyﬁ%hgggta? ? rvltf\ﬂgp%?&p%qnfhg&oq VEF 20@3%8W1rg@g%8e’rhﬁescri bed
for Figures Z?ﬁtﬁrou%h 5, where x=2 in Figures 2 through 5 and x=3 in Figure
6. As an 2PEIEGHA%D MAYiremipriss ashargofadrcls pealsavare ceqrngler orapmbmatonsitieessdi ons

described for first insulating layer 216 in the description for Figures 2
t hrough s shavigp Figweab| Hllaf fo apsetest 20 nidyrcsmprisestht @tricnbagepaltiough316 in

Figure 6. [0044] In the enbodi ment shown in Figure 6, the second insulating

| ayer 35@iterbtbrlls tHenpertgres 240 ndye@hPhisOd vARE LIARATS, WlsE sRh inFiduhes MERhed
dielectric structure 346, as shown at 352. "The ‘second-insulating layer 350

may ext eRfetids®4b gt ' r . 340 by 0, A or
greater, Tor exanpl g T gﬁgé%% SP%%?’QP%%&&?%%@?%%rgloégﬁl%ghlaég’ears ext ends
into the regkon of each aperture 3,40 depends.on the w dt h-of the
apert u_r'ee% '?]es[ %&@Pcwg%?@iaﬁe %ﬁ?%y@ﬁ%%qsﬁﬁPg%%‘éﬂg%W?ch #Per 360 of the
| LD Iaye% 3{”12 proxi mate the sensor 308 may not be patterned during the
pat t er ni hEF ERbY sApeHes 240 aig ngigfiormadnin thersetandiregion 2Hef theperkpies20640 may not
extend through the fourth thickness h4 of the barrier layer 360 of the ILD

[0041] Referring next to Figure 5, a second insulating layer 250 is formed over the top IMD

layer 118c, as shown. The second insulating layer 250 preferably comprises a non-conformal
dielectric material that ddes not fill the ape’rturés 240. Rather, the secoﬁd insulating layer 250

‘.forms a ceiling over and oifer;laying the apértures 240, forming hollow regions 244 within the at

. least one first insulating layer 212, 218a, 21 8b, and 218c. The ﬁoﬂow region 244 comprise voids

or air gaps, for example. The second i‘nsulating.lafét' 250 -bféferably comprises 5 traﬁSparen_t or-
;ransluéent material. The second insulating layer 250 preferably comprises ialasma enhanced
(PE) oxide, althcugh élternati'vely, the second insulating layer 250 may comprise other non-
conformal insulating mateﬁais, such as silicon nitride (SiN).or silicon oxynitride- (SiON), as

-_ examples. The set-:oild insulating layer 256 preferably comprises a thickness of about 4000 A to
about 8000 A, although altemativcly? the second insulating layer 250 fnay comiprise 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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l'ayer’ 312, as shown. The barrier layer 360 nmay conprise a material that has
a .different etch selectivity than the overlying insulating |ayer 316. For
exanple, the barrier layer 360 may conprise silicon nitride, and the

i nsul ating | ayer 316 may conprise silicon dioxide. Thus, etch chem stries

such as : xajpl es, .maybe used to pattern the apertures
340, soco%gﬂlts%é?h?lﬁ%foggjré Il:é%?@?5%@%6%@%?’“ng‘g\g?rﬁégﬁd’ﬁé PRYSERERE or mat i on
of the 1%gerc%ures éﬁg Alternatively, other etch chem stries may be used to
pat t er not RS RPET R o xidug othepmagatingaateral doraed pugy de RO favef, aptdioym.

conprises a transparent or translucent material, allowing |light or energy

to be typpgm tt Jer, l.ayer 360. The barrier |ayer 360 may
conprisgmaﬂthigﬁ%%iggﬂ%gg¥mg%8§§&%@%mﬁf%%REES P“@H@mAWﬁ?BWﬁgﬁﬁﬂ%F@k The
barrierrkﬁ%%% Q0 _protects the top surface of the sensor 308 during the

f or mat i A PHES B3R dereaisslerrribad imiguresdthoanghénlo awod eepetitian, saclievi ce 354
such as a transistor is also shown forned over the workpiece 306 in Figure
6 i n t hefgecpRunbe ghom i 0y diagoouitnoTtacrited nisi in @y hsredil Ratez 0mi@20b,

220c, 320x, 320b, 320c, 360 and the barrier |layer of the second insulating

| ayer  2m@AleAH0x 04, ix06 a0t el de gg?erﬁﬂys&eg [*Telel MRaTe ML Ias, is?%ﬁ%sﬁg%ve

| ayers, etch stop | ayers or buf | ayers, for exanple. e novel

nmeshed gi.gh i rUGT 46 -descr i herein dispased between the -
sensor %&#%gygggi‘ﬁ%she sg%hgsﬁﬁvﬁgréﬁls‘&?' %195236‘;@1‘3“%5%“@5‘55&? g\ﬁ‘ﬂ’e@ ‘é%%r al
advant ages. Tgle h Ile@w regi qns 244/ 344 formed by the apertures 240/340 in
the ins ®n erpé‘??@? 294 alietnpl yematon gy andgimensiorg dasguibed fon fvst ingulating layet 318c
over the sensor 208/ 308 permt nore light or energy to pass- through the-

i nsul at #Hynitheydspaiptiqnior Prrugs? thedgh, 5 magepifty diPused i first 3kBhtin@Rge318c, and
thus. provide increased sensitivity for the sensor 208/ 308. Pixels of the
sensor 20Bh3I0Ar{ Mot shown in, ‘ o ,

{0044] In the embodjmént shown in Figure 6, the second insulating layer 350 extends into a
top tegion of eéch aperture 340 iri the inesﬁed dielectric structure 346, as showﬁ at352. The
second'insﬂaﬂng layer '35_0‘ may extend into the top region of each aperhﬁc 340 by about 100 A 7
or greater, for exampie. The amount that the second insulating layer extends into the top region of

‘each aperture 340 depends on the width-of the aperture 340, | o

[0045] Alsp, in this embodimcn{, the barrierA 1ayér 360 of the ILD layer 312 proximate-the'

. sensor 308 may not be patterned during the patte;.ming of the apertures 340. Tn particular, the

_ _aperturcs'340 may not extend through the fourth thickness hy bf v_’die baﬁicr layef 360 of the ILD

| layer 312, as shown. The barrier layer-360 may 'combrise armatelial that has a different etch |
geleétivity?han the _oveﬂying insu_laﬁng layer 316. For example, the barrier layer 360 may
comprise si]ic;on nitride, and the insulating layer 316 may compris;a silicon dioxide. Thus, etch -

_ chemi;tries such as CFs, C3Hg or CHF3, as examples, may be used to pattern the apertures 340, s;o'
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the figures) may be nade smaller due to the increased sensitivity.
Alternatively, a pixel size may be maintained while inproving the
sensitivity of the sensor 208/ 308. Enbodi ments of the invention are
particularly useful in deep subm cron CMOS i mage sensor applications, for

| e.+hdi R4 ' . t t i | d..t hei
Svant agas have Raos e BT Sal ) OBbCRH el e M BB Rt

vari ous substitutions and alterations can -16 .............. be
nmade: herog}lggg%\%ﬁtscﬁ%u Sgﬁgggyhﬁs&ﬁﬁm% e gpfrtes 34hd scope of the invention as

defined by the appended clains. For exanple, it will be readily understood
by thosqgoe4d]l | edhkBatibeatd b n features, functions,
processes, (de mat e?i al g?%eg%ﬁ%é{ﬁ%%orml nestnag\?;/ang%are@g fit“e@BsWPP@ate‘F i ni ng
W t hin [esent.jnyention.. Moreover, the scope of the

pr esent tah]lgpp | %a?l% ?%cllllgl o ettrﬁ“ﬁ?'ggﬁg oggh tﬁ% atieklaveP 600 The barpgrlayes a6ty

~enbodi mnent.s of fhe process, machine, manufacture, conposition of matter,
means, . TEChEHPrish s thiskasss hyakabeui)dd A o dohat 898 & ifdriceatpilonTheAsimin dyaf 360

ordinaryskill in the art will readily appreciate. fromthe disclosure of

t he predspfects thevemsurdaes offharass 888 duripfthdRsmativaREhe efdHufes 60MARI ti ons of
matter, neans, nethods, or steps, presently existing or later, to be’

devel opethbodinadnt Pt Gk awi»cl%tﬁatshéﬂ ds¥h tfaﬁﬁst&”‘ig‘iltﬁg %Hga%el irggfgﬁfi%er tﬁ‘&t}&&gig?eb e‘ g

substantially the same result as the correspondi ment's” des

herein DE; bl d i r.di to the present invention. Accordingly,
R it LA |

t he appended I s are include within their scope such.
processes, nmachines, manufacture, conpositions of matter, neans, netheds,
or. stefd804717 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 novd meshed dielectric structure 246/346 described herein disposed between the
sensor_208/308 and the second insulating layer 250/350 provides severgl advantages. The hollow
A'regions 2447344 formed by t_he apertures 240/346 in.the insulating layers 212, 218a, 218b, and
218¢/312, 3Iga, 318b, and 318¢ over tﬁ:: sensor 203/308 p'en;nit mo?e light or energy to Iﬁass
through the insulating layers 212, 21 8a, 218b, and 2180/312, 318a, 318b, and 318e, anci thus
- provide increased sensitivity for the sensor 208/30:8.. Pixels of the sensor 208/308 (not shownin =
“the ﬁgures)’_ may bé méde smialler due to the increased sén.;itivity. Alternatively, a pixel size may -
be maintained Whilc_ improving the sensitivity of the sensor 208/308. Embodiments of the
invention are particularlny useful in deep submicron CMOS image sensor applicaﬁons, for

example.

[0049] Although embodiments of the prés'ent invention and their advantages have been

descdbed in detail, it should be understood that various changes, substitutions and alterations can
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CLAIMS 1. A sem conductor device, conprising: a workpiece including a
first region and a second region; a sensor forned in the first region; at
| east one first insulating |ayer disposed over the sensor in the first
regi on and disposed over the second region a plurality of apertures

formed ibamedehvran witkas deing of frdr§ thelshisivih Ayer o er t or, and a
second | nsul ating | ayer di sposed 8\?@ E’;}%C{ east e 1811?‘? $2p6$ ating

| ayer a@agpdnhe cl (g1 tur in, the east_one first insulating
| ayer, wher ei n dggghpdég;e(%?ﬁg 19‘9@ yHB‘FF%WﬁBg‘L%% skdlsd it the ehdhatmennd

i nsul ati I hin the at ast one first insulating |layer. 2. The
seni con Egltcg%%%évy?&m%@é‘?carsﬁ% @‘gméteaﬁlﬁﬂm?miﬁadrhetm mep bpwirkid vghile

i nterconnect.s fo ﬂlrred in the at |least one first insulating layer in the

second FEYTYRE Bithin isscopsra ficqresentanveRtien, SdbiecRMAYE b e Mk gﬁs&ﬁcor ding to
claim1, wherein the at |east one first insulati ng layer conprises a first

t hi ckne@BPllC@thJariemt u&aﬁbdaﬂ%rmﬂregt@ﬁlte irst thic ness of
the at |east one first-insulating gﬂﬁﬁm}m eﬂlsleenirtn %ftﬁ%l]ﬂr(?fﬁf

accor di agnbfacterk doMndsit l,egst one first _insulating Iayer
conprises a pl ura(t)mlptsi}lo &lrlﬁ%ﬂé%r tmr?éflsaime O8t Ecks¥epe descrbyd Indhespssifieion.

pluralit | a 0 _a second thickness, wherein netal
i nt ercor%eg% o I}@Pae M‘ﬂﬂ%ﬁl \r?rﬁ AP GEaA- ﬁolyﬂm‘&sdi@utea;fehspre@ﬁd wherein

each apertutre ext ends
Invenion, processes, machmes manufacture, composxtlons of matter means, methods, or steps,

presenily existing or 1aier_ to be developed, that perform substantiaﬂy the same function or

-achieve substanttally the same result as the correspondmg embodiments described hcrem may be

utilized according to the prescnt invention. Accordingly, the appended claims are intended to

inc e .
_ludc w1thn_1 their scope such processes, machines, manufacture, compositions of matter,

means, methods, or steps,
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t hrough the second thickness of the IMD |layers. 5. The sem conductor device
according to claim4, wherein the at least one first insulating |ayer
conprises an inter-layer dielectric (ILD) |ayer disposed over and abutting
t he workpiece, the ILD layer conprising a third thickness, and wherein each
aperture extends through the third thickness of the ILD | ayer and the
second thickness of the plurality of IMD layers. 6. The sem conduct or

devi ce according to claimb5, wherelGhAIME | LD | ayer 18 conprises about
4,000 A to about 10,000 A of Si2, fluorinated silicate glass (FSG oxide,
pl asma- enhanced oxi de, high density plasma (HDP) oxide, or spin-on glass
(sog . 71 TheAﬁﬁ‘ilﬁﬁiﬁf@le@f8$Vl‘€ﬁa\¢P@§fi%iG@30rdi ng to claimb5, further conprising

a layer QiworddiddeCiRRuGihG G508 r&bioshhd Lol de di sposed between the
sensor and 0tﬂﬁde| LD Iu.ay%ra,_ tﬁ%glos?w %%%W@P%’@ or silicon oxynitride |ayer
conpri si A§easardermad in Miecltalegionivher ei n each aperture extends through the

fourth LB R8esfe dtstiigisting! Gos &I%&Jsleﬂe?v%i% tfig IS iHE et !rBGion heT . 8.
The sem conductor device according to claimb, further conprrsing a |ayer
of sili 8§ROTHcdkqver theprecend ragim; oxyni tri de di sposed between the sensor and

the | LD Layg4hiitvidt€apetiutd tr [y : ki mpri sing
a fourth {;B{hi clzr){ess,p%leérsg?)nﬂnggéﬁ] qu?)%ﬁt%éréé ognggﬂsr&;%]? b%ﬁ'(’#d;ﬁaabtﬁﬁ?%rug t he
fourth tBPNSeHeE of the silicon nitride or silicon oxynitride |ayer. 9.

The sem geBedHd REuIEfYY BFerdiSIsdl Ael e Ht MLt Sne MRBIRLRALA] RyB! MidtHet Y of 1 MD
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 at 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 comprises a first thickness, wherein each aperture extends through
the first thickness of the at least one first insulating layer.

4, The semiconductor device according to claim 3, wherein the at least one first
insulating layer comprises a plurality of inter-metal dielectric (IMD) layers, the
plurality of IMD layers comprising a second thickness, wherein metal interconnects
‘are formed within the plurality of IMD layers, and wherein each aperture extends
through the second thickness of the IMD layers.

5. The semiconductor device according to claim 4, wherein the at least one first
insulating layer comprises an inter-layer dielectric (ILD) layer disposed over and
abutting the workpiece, the ILD layer comprising a third thickness, and wherein each
aperture extends through the third thickness of the ILD layer and the second
thickness of the plurality of IMD layers.

6. The semiconductor device according to claim 5, wherein the ILD layer
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| ayers conprise a plurality of layers conprising SIN, SiON, Si 2,
fluorinated silicate glass (FSG oxide, plasma-enhanced oxi de, high
density plasnma (HDP) oxide, spin- on glass (SO3, or conbinations thereof.
.10. The sem conduct or device according to claim4, wherein each |IMD | ayer
conprises a barrier layer and an insulating |ayer disposed over the barrier
| ayer. 11. The sem conductor device according to claim10, wherein each |IM

| ayer i RRMPEsasHPOUL]OPO dotpprhons 0998 A OBS@hOﬂWriﬁ1§te§tﬁdl§ﬁt91€1|a§ﬁ)€i:5@)of Si o2,
fluori nabgde, plbshs@hRattedSskidd, Bigh 9% p |£>s!rﬁ§ @ﬁD%BﬁH&e& Sih-9R . gidsah

density plasna (HDP) oxide, or spin-on g ass ind wherein each | MD
| ayer ba $P6)- | ayer conprises about 100 Ato about 800 A of SIiN or SiON.
12. The sem conductor device according to claim1l, wherein each aperture
conprises a shape of a circle, oval, square, rectangle, or a conbination
t her eof . 713. TH@ sgiRopgvRieIcdQYceRarPRiNG cdaim Bgurterctomnrsing aa¥ekehn each

aper t ur esiliséHmfride % sficod SyRitdde égﬁéged]be%é@r\aﬁue sBRAsor a%g tdéHLDIBGer, the

sem conductor devi ce according to claim1 erein the plurality of
aper t ur e8iliggrenitiisie I Filigan OxyRlfidgtlayes compaisigra tourth dhickress Twbergineadbnduct or

devi ce aggéb %Qteh@s fHréigh the fmrtﬁicﬁnéslg%f%?&é?%n dltﬂ&é’bﬁéllld& dx@M@igeconpri ses
a non-conformal dielectric materi al he sem conductor devi ce accordi ng

to clai M@ -wherein the second i nsul atl ng | ayer conprises a transparent or
a translucent material. 17. The sem conductor device according to claiml1,

wherein the second ) ]
8. The semiconductor device according to claim 5, further comprising a layer of

silicon nitride or silicon oxynitride disposed between the sensor and the IL.D layer, the
silicon nitride or silicon oxynitride layer comprising a fourth thickness, wherein each
aperture does not extend through the fourth thickness of the silicon nitride or silicon
oxynitride layer.

9. The semiconductor device according to claim 4, wherein the plurality of IMD
layers comprise a plurality of layers comprising SiN, SiON, SiO,, fluorinated silicate
glass (FSG) oxide, plasma-enhanced oxide, high density plasma (HDP) oxide, spin-
on glass (SOG), or combinations thereof.

- 10.  The semiconductor device according to claim 4, wherein each IMD layer
- comprises a barrier layer and an insulating layer disposed over the barrier layer.

11. The semiconductor device according to claim 10, wherein each IMD layer
insulating layer comprises about 6,000 A to about 11,000 A of SiO,, fluorinated
silicate glass (FSG) oxide, plasma-enhanced oxide, high density plasma (HDP)
oxide, or spin-on glass (SOG), and wherein each IMD layer barrier layer comprises
about 100 A to about 800 A of SiN or SiON.

12. The semiconductor device according to claim 1, wherein each aperture
comprises a 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 pm or less.
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I nsul ating | ayer conprises about 4000 A to about 8000 A of plasma enhanced
(PE) oxide, silicon nitride (SiN) or silicon oxynitride (SION). 18. The
sem conduct or device according to claim1l, wherein each aperture conprises
a top region, wherein the second insulating |ayer extends into the top
region of each of the plurality of apertures. 19. The sem conductor device
~according to claim1, wherein the sensor conprises a photodi ode. 20. A
sem conduct or device, conprising: a workpiece including a first region and

a secondqxegi n. . f d_i . I I eqi.on: I one first
I nsul ati ﬂ\% I ai@? S&ﬁ]s'c:‘)og@g' OBVO%EIEFhaeéCs%éér'\*s]irtg icrllaénh(i’ &h%gc%m ﬁé%i'ﬁ%%@fﬁa& di sposed
over theapatsesiacepaced aparbbwat lbasisboah®! e st i nsul ating | ayer conpri sing
a thickness; interconnects disposed in the at |east one first insulating

| ayer in the second region of the workpiece; a plurality of apertures

f or med i h5.eachhat saraigendustos flevies dassulirat itogelhiayet, eihercin hibe sestmdr in the

first reg]isﬁlgtingflggﬁswrfsgg g8 ”%ﬁlc(?’ﬂ%g’ﬂg' %Q{Sec(é{ngn@@}?al.t hi ckness of the at

| east one fiIrs ng | ayer, cond Tnsul ating | ayer disposed
over the at least one first insulating |ayer and the plurality of

aperturesgin k&Rt Ngedidd S '%'télr I NG e bﬁrﬁ o ,nsul ati ng
| ayer conpri si ﬁg %érw(l%n_ cohogoraﬁ%% cﬁicé:})ec ?%’: ﬂ%&de%altl‘l,he r@?ngg‘%@ aperture
forns a ingglating layer comprises a transparent or a translucent material.

17. The semiconductor device according to claim 1, wherein the second
iinsulating tayer comprises about 4000 A to about 8000 A of plasma enhanced (PE)
“oxide, silicon nitride (SiN) or silicon oxynitride (SiON).

18.  The semiconductor device according fo claim 1, wherein each aperture -
comprises a top region, wherein the second insulating layer extends into the top
region of each of the plurality of apertures.

19. The semiconductor device according to claim 1, wherein the sensor
comprises a photodiode.

20. A semiconductor device, comprising:
a workpiece including a first region and a second region;
a sensor formed in the first region;
at least one first insulating layer disposed over the sensor in the first region and
disposed over the second region, the at least one first insulating layer comprising a
thickness;
- interconnects disposed in the at least one first insulating layer in the second region of
the workpiece; |
a plurality of apertures formed in each at. least one first insulating layer over the
sensor in the first region, each aperture extending through the thickness of the at
' least one first insulating layer; and |
a second insulating layer 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
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hol | ow regi on beneath the second insulating |ayer within the at | east one
first insulating layer. 21. The sem conductor device according to claim
20, wherein the at least one first insulating |ayer conprises SiN, SiON,
Si2, fluorinated silicate glass (FSG oxide, plasnma-enhanced oxide, high
density plasma (HDP) oxide, spin-on glass (SOG, or conbinations thereof,
and wherein the second insulating |ayer conprises plasma- enhanced oxi de,
Si N or Shdiew 2egioTHeeneathi thendewindr indalating |ayer owithimghe catcleastnoa®, firsther ei n

t he secopd ,hmiﬁkg;ing | ayer conprises a transparent or a translucent
mat eri al . 53. sem conduct or devi ce according to claim20, wherein each
aperture conprises a top region, wherein the second insulating |ayer

extends bpto FRE sLARonAGALAIVRE RAGRIN o Lifin PolhAblehind bt RREF drd'fis 21

insulating layer comprises SiN, SION, SiO,, fluorinated silicate glass (FSG) oxide,
plasma-enhanced oxide, high density plasma (HDP) oxide, spin-on glass {(SOG), or
combinations thereof, and wherein the second insulating layer comprises plasma-
enhanced oxide, SiN or SiON.

22. The semiconductor device according to claim 20, wherein the second
insulating layer comprises a transparent or a translucent material.

23. The semiconductor device according to claim 20, wherein each aperture

comprises a top region, wherein the second insulating layer extends into the top
region of each of the plurality of apertures.
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