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Met hod of manufacturing an image sensor and i nmage
sensor The invention relates to a nethod of
woamsfiagienri ng a back-side illum nated i mnage SegsaB2005/051560
conprising the steps of: starting with a wafer having
a first and a second surface, providing |ight
sensitive pixel regions exten&ing into the [ ayer of
MR orfaBffab AR A Endeb S8 lsosldliRGSe seifUr i Ng the wafer
onto a protective substrate such that the first
surface faces the protective substrate. The invention
further relates to an i nage sensor conprising a
sem conducting |layer having a first and a second
surface, the sem conductor |ayer conprising |ight
sensitive regions extending into the sem conduct or
| ayer fromthe first surface, the second surface of
the semiTRREGHE reladdsad ahahoddbf aneftiugiag a bhicknsfaillaminated
~ layer through which light enters through the
“n%ﬁﬁ@@@hﬁa@@%$ng%§éwp$ﬁgthe | i ght sensitive pixe
regi ons, gt fie §ith § vafihhAEEa Blst bilEa SROALQRHESTI NG | ayer
facing a protective substrate. US 6, 168, 965 di scl oses
- a met hooréading lighhsensitgvespited edgidrisleiendiag o thedeyer obthe wiafer
Lnel wdin matrix of pixels (e.g. CMOS APS pi xel s
ﬁn?ﬁgﬁﬁgﬁggﬁg%ufactured on a sem conduct or substrate?
- The semiseaminddhicowafstidgd b atatectise subsuiate dudhahat ther tseot faveefaces
hsubstrat b% an adhesi ve such that the processed
theprJRTVP §ePSERFf ace of the semiconductor substrate faces
the protgetihwatisnRstheddeRies ¥ Alinidpe sgisot @silpriéig a semiconducting
substrate providing structural, support, the exposed .
lay By ing I P A€ R, e RTBGIVEIOD oY & A9 g gl sensitive

regidn€ BxteitithEmtLle E?I/liGSﬁ(ﬂlgiop Ohy SR heir St iuBee, ﬁﬁhk&ﬂ’ﬁ QuiBee of

optional chem cal /mechani cal processing, to thin the
thetsemisopducton laysulpyinesaneopticaldrapspagpat lyertbrongh whichilighbasers

thr@g‘ﬁtrtﬁegsséggcgo%a&cté YOSk Er?lh% h{gﬁt% s%{]%@egggnél : cgﬁ%)&sg?xg it SRR of the

St de surfaceé-o
sensivdosinctatod aydr Hetirggdoy/protentive smhstrage. t he sem conduct or
substrate between the transparant substrate and the
protective substrate. Thinning of the transparant
surface-is a very non-uni form process in which ,
thi ckness variations of the sem conductor substrate,
resul t s Fhodpe.7y dsrdesss p eriod é?rmrpfaﬁmswebaﬁlﬁ-ﬁmmpﬁa% inage

senS@NaANdib D8 bRhA & phass fheclicadrspiras Habat nidd@factured on a

efficiency is limted and the variance in absorbtion
sengj¢oridugfint subsirain ddie sprigpnducier gEbstrata iirwpd i aprofestive fybstrate by
an g‘cﬁl%gitze% RN Baf Y éceé;}%h Lﬁ%tsicfﬁtsgffe?cfe%@ t}&%ﬁ?cton&’ljctérr%ﬁbstrate faces the

Invention to provide a nethod of manufacturing an
protevtigresubains® Witnthetpra@totivh sutefrate pravidiyg sterchmglrsopmutt, dredxposed
bac]i(-hs1edeas%r%1)crepot filte Sermconduotor substiate 1§ then esgbj ected to grinding and/or etching,
followed by optional chemical/mechanical processing, to thin the transparant substrate to a
range of 10 to 15 microns. A transparant substrate (e.g. glass) is then secured to the back-side
surface of the semiconductor substrate, thereby sandwiching the semiconductor substrate
between the transparant substrate and the protective substrate.

Thinning of the transparant surface is a very non-uniform process in which

thickness variations of the semiconductor substrate results in differences in absorption.
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This object of the invention is achieved in that the

waf er conprises a substrate of a first material with
wano@pkewal transparant |ayer and a |ayer of  PCT/IB2005/051560

sem conductor material, wherein the substrate is

sel ectively renoved using the_optical transparant

| ayer as stopping |ayer. The gubstrate can be

sel ecti vEdekrdo®aamesk fch@nikdgroRntab %'dli&iﬂ@éﬂ%@ﬁ@ﬂhd A &Ency is
i é u5|ng sel ective renoval techniques towards
imgfed

VF‘%"’_‘;I)@? in abserRtipn pplight lst@éﬁﬁ‘?mﬂbléén%yl ]g?étl%@qr for the short
ching and/ or chem cal nechani cal polishing
wa?%\/l%t&ad%ehenoval rate of the stopping |ayer should
be much |l ess than the renoval rate of the substrate
material. For back-side illum nated i mage sensors,
light has to transmt through the sem conductor |ayer
and ent et isiaptobjethef thé @Rent®ANS piovide aphetkdd éfagimiftsturing an image

is th re very advant ageo that the sem conducto
SensqR g W %egwgfoef figien Fé@altove%PfgﬁJ P, PSOTHEOR Xereanopy aTF Fralice
r ed uced 1 e o5 thefinveRBord BRcESNAUS HRE the3YEr, coﬁ‘iﬂf‘@es a substrate
ght can enter into the Ilght sensitive regions,

of @ éésu meterigl Wish aiontiepk tenspRret fayer exelaysr of prmicengyetor material,
WAL oot B R le B Y R R B BB e BB EE a bpine
layehe t hickness and uniformity of the sem conduct or
g?%/?;r gﬁ@lgs %s\ért%\&%cgﬁ%e selecﬁwef o%llnge\géﬁl Sﬁg é)tlcaq transparant layer by
usmg gpidctive aomidvil ueequned tov&&tshhe; btohsping layien Snaﬂn remoimasecmqyes may
ed to.c nti ona

be i B Lo G R QIR DR POREICHGHELISF GeVIP | he removal rate of

theGRIPYRR UdyRA#Hould RABUHABE Ahdh thERnidviBhE il AbitveNmB¥rial. For
connection wires, which are usually manufactured from

backeside illymingis jmagel seasoms, liglyichas fo transmi thrayely the spraicapductor layer
and ERQSRB R Yent %sﬂtﬂvQ Efxel 1%%’105? s WA IQfgryl ddggﬁta%%gﬂs A9t the

reach the entire ea Tere 'S cont1 nf ous
sengfepndactoplayerchat be tlhée plativelydhisa to r educe costs.

However ’Baeecg\?sF lofl{hte qgc!uc%(? &ﬁ'c%lés? %f %fe SEB?COHJ}L‘I}%?OI’ 1 ayrere ailn(;re light can

front-si nsors 1n
enteraistol thslign sansitek addioms, Emﬂtﬂlgm qnampro@éd éﬂfmepcy(ef thaim#ge sensor.

bej.ng sensitivye N thi s, inyention where

In gyt ST 1 vl st e et optsRg i g gckoness
connect igyawk ﬂﬁ&hiaﬁnds@ AgRini HehRY BT 1AE sdhi€ohdu@ldt layer can be very
sensitive area of pi xel . The entire pixel area is

weld goptyalled, @bﬁ%‘pqlqngddfferewers beivegn Bixeloaug qusqrs precsigmilicangdy reduced.

advant agegy a/de 411%95&%%&%@& §dvaﬁﬁgés%‘hﬁ)\éﬁaq to ¢ nventlo al image
sensitivit the angles of 1nhcom ng 3 r‘b

senberp g/érchatmjﬂltlmeratedl fonprthedfongeidoin nmmh@ormésn@q sctfsmshbe pixels
(%é%)uﬁy (9onngc(3faﬂ %&pxtes OVOhIXY}. Er%%sudﬁgne ! ek Ql] f‘%n% 2 3 1%1 sﬂlcon

can resul t a ITD ecause
layéeriEhesd lapantre et @armf)arant\fﬁiﬁhgmms than 11&0121&1@(@& oachot e@ach the

ted. Thi en
ent R Ktk B ThEES 5l Rion Bi G b esiver e pune) B iedins cots.
Howwer GRS futheNe@Rtibh 8f Reiph@ figa Hleﬁr&ﬁisﬂ@filldrﬁ%at@@ SHAR sksors

mherg;ll\t?yr re\sllvﬂtls(irtl1 a Iresl’atlve smaller part of the pixel area being sensitive to light.

In this invention where back-side illumination is applied, the poly or metal
connection wires no longer determine the light sensitive area of the pixel. The entire pixel
area 1s sensitive to light, allowing a 100% fill factor. So advantages are, amongst others, an

improved sensitivity, the angles of incoming light (CRA) can be larger and there is more
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i nportant because of the mniaturization drive.

Because of the trade-off between the Mddul e Transfer
wouoistizoxs2 (MTF) and the F-nunber, (MIF is a neaeuaB2h®051560

t he sharpness and contrast, and the F-nunber is a

nmeasure for the | ens opening (diafragma)), the extent

to which the MIF and F-nunber can be i mproved with

freBa@siK irShd Qedigd Mffhé‘ﬁ?blﬁ Rf tSnrRUEIAREAL A Qarghit chllesf ray angle (CRA) can
advant ageous wh he optical transpar ant | ayer 1's

resylifn @ dpvisk icraerp algs@rﬂedxecealse PR leameloment sz P YCOA kot in A camera
md’c\ﬁfeﬂnag-ﬂa%nmtgd' Pfhs @esos.fenglﬁ\%ﬁ\g Yga(nfetfoph 33 Ap/e ny%ﬁgctlon

as an etch sto aye durin
losseshand a’:deces mmy&bo tlmmmddmg hbilgirt aftlad Madhilelssavemlﬁleli B

1m8?1¥at%ﬁ§ ca}l eorf?l)gelfr%)fb%l? ﬁgr{clo% 1%1’l G r | a%%f" th%%rtc{eh%f {)e w%gnnt S?\&odule
Traishes Fuadtn (MTF) aedhihb mm@begu(mm iak nfeasire QR dcsharpnkaYad

stiIIWE he initial thICkneSS and is very uniform
COTEAS, g ﬁ'ﬁ oranben i adprasusei fay the Ieps epsiiRe(dbHragmy by the extent to

whidhl t5& NESSard b 05 Thd ¥nrétdRe IRk ERL |11ﬁﬁimﬁét§d?x' 15‘ e)@ch ngable.
few nanoneters. It is another major advantage t ﬁ

t hi n epi it &@adgpntagenpcwhenibe epticalirinsparantdamst s tpmd @mde dayer of

a sﬁ%mﬁ Bﬁ ngﬂ%{o? ﬁsé’g 'v&g?erl ’fﬁ/q;urleﬁ] quHS Yv{ﬂg IS@)tl Wa K gaf)be 1-1@8 as an etch

surface ém conduct OF 1. RO
stop ﬂecy@eémngggmpe’é of the sgicom swstrate N¥swadags, ﬁ:emmemdllywmlable SOI

ool P A LR P 8 R0 S ace

rerﬁddal @the @Ibstrdi’ts Uth@ieataifnbeditagiaBsemifidadtbr 1@5176!3 sﬂﬂlﬁasb@e 1n1t1al

d The invention works equally well for
th@ﬂﬁ WMEP@I%OYP@L@@H% FP%?WY SEHpRASHELOT hé?ré»dhwkness

ancﬁllﬁﬁﬂ)rﬁ& &I%dﬁﬂollémmﬂﬁﬁrfe%ﬁ&fn%ter“ i s advant ageous
to use %C] waf ers, because these are commonly

avai | abl&s appthpremegiphadvastess Bainbe Bimepivkial semitendgetor surface
ren‘fﬂs r§te@t’é@b Helblungd B}{ P&fﬁg& IL %eoxpﬁcﬁ o@&g ﬁ{e‘%u}ﬁfg‘&yqf the

expensi ve. ner ci a vallable waf ers usua
senigerelugior &spiot atkdchéd laepmmmdgl,cresmﬂtlﬂgay em almdshpeafetﬁ”mlarloné&ede

mte[ri‘ac%;l w?thgutda% 48 ectF e(fa?tln nlm§ b-q;:lcei% ViR Eﬁ‘tf % of light in the

Sensitive ®ittor layer is

0 pt i mal Witkan SH@ vstahar ikmness a @ﬂlcbl’ﬂ&n BeuthiopfnBsete rTHe&Mi%bn may
than 5mm prefe the r?nge bet ween 1-

be §fpined, TP REPEMSHE uehs 46 &0 0 GEaN ¥ $10c or any

corffting AT b&h ds RYGEC Slpiﬂsﬁl)éto@WaYer@Ft i B@vah@Y&us 8 use SOI wafers,
senm conductor material, to a total thicknéss of the

becgiss thess dtFcaosuquly aveilghlc) vdile athes sersicprdueion s inspltos wafes are

stlllﬁ?f%lﬁg%t%l nd aRARNKy Slpdfsild | um nated, a color filter
e provi daed on t'he opt1 cal transparant |ayer. The

Cc oI o) r | dyammerpally b‘@llsbhe 1$Qd oatferd unnatly Hewanepiakizfsemiconductor

' Th ol d
o OB B 0 ol BT R i
regloing It thméﬂo&dﬁ@%ﬁla@ﬂgt bpﬂnﬁalkﬁfén tienfRkadss 60Be afticéfticdiayer

is filtered a eahwavlent assing the filter is
is lesg thagoHay Prﬁﬁeranzﬂ & FN8E P‘i‘”@%‘% 1&2%#{ jseergfoseedesirahl {9rgrow an

additional semiconductor layer epitaxially on the layer of semiconductor material, to a total
thickness of the semiconductor layer of less than 5 microns.

Since the image sensor is back-side illuminated, a color filter may be provided
on the optical transparant layer. The color layers may be spin coated and developed after

exposure. The color fields (e.g. red, green and blue) of the (RGB) filter are manufactured
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Apart fromthe advantages already nmentioned, another

advantage is the fact that the efficiency of the
weensan2wan be i ncreased by using netal | ayer spPa¥/i1B2005/051560

reflectors. A special netallization pattern nay be

desi gned whi ch functions as rejl ector to re-direct

light to the light sensitive pixel regions. This is in

afeRédch GtHeRLigHt wigl ae\V@Mlﬁ e thelrBigreSERDC @ndTeNt 194 id fAesd and each
is much spaller_than th e total absgrption. depth of

wayelspghh @assiigbe fijter 1t Aetected dwa diffegmt L sersithy Pﬂ’ifebfﬁgt%e
back- si d@ph$ o8] the GheHaBYs le'agdeﬁkdnb& %bﬂa& d@i@&ﬂt@geﬂs the fact
into the P ht sensitive plxe regi ons. f er ent
thﬁélneaﬁfﬁclawrﬁ thyf sensne cambe inkregsed byasiak Irmezaaltlay@m a@aqrﬂds@rs A
[ I
ol dn R 5op P B el B GPGC Rl RS aPhenet o ve oot ight o
thellight eersitive tpixgh tegsmmélflﬁs is én pardi@llarrod gélevance Bpacthabemiconductor

nmeasur n.to elec al l y.i.sol at he |ight.
g oo B DR BTGB Pl Bl Pl ti
enRri@Y e Othwbidk-didksis kfioted B9 tfd thétBizRiong)attéra Gitd fife idhOkBnsitive
the rest of the sem conductor epitaxial layer. To this
PigshEPSHE net al | i zati on pattern includes special

desi gnedThoRgrRANNEHI BYSS 8P e Bt niteh1AtiSh 88 be used as

contacts to the 1 mage Sensor. The outside contacts to
refl¢seors fraJiffesem solorscefdighie Inthievayi different qobers pigacflactedttowards

.S i de. When the outside contacts
dlgérg&rln%gte;e%%% Eﬁeﬁ%‘g@sss de via an opening through the

pr otecti Specheayr&asmesschrds takeserdeaivdlly tsotatd thy Bghttsenstikearea of the

| ons adyan s..that fhe.

SRR sEtbraL iR pov 2o ST sais’E Bisel Beigns fropyihe rest of
th@@@rﬁtdih@uctﬂ‘@ﬂ@ﬁ@ﬂla?@ Tmthﬁmdsﬁemnst@mﬂmd@auhmﬁﬂudes special

functions as an el ectri cal aration between

degigpaddroad padipeensions &rﬂé%k%w% Gratagts tarlie IHgeR 1B i cal
contact fl’fl@!ﬁt&lh@ c&ﬁ‘é‘clfs 18 ilein{agé Q&SMB Be bP8e L:llﬂ’g?p l“rom the front

enters), IS he di e can be connected easi |

sidston Sromsthp bthkail@s Wiren Ith%mém@e cap{acisi arempdmiien ghQi:rack-Slde via an
opE:rluh %U@ tﬁeeﬁ]a% Hve r R4 Eﬂ%%gﬁ%%ﬁ%?)g%eg oqﬁé f3<5 ad extensions,

COﬂ e provi ace

u antatimnlu@ads t}hatcthe x¢nainsidocter lagirahremoyediat thaposlii@n of the opemng The

orhE BLTEra e e FESnlishad T ar L P Biot Bfecn ¢ Reren

di’dyasth@gaviarsagdendimakigretecaioal dﬁﬁhtd&'ﬁfr@xh tBOHcRG1ds (side where the light
i ght, which enters fromthe_back-side.

hamp the |i
ente?ﬁgqﬁ ?@P %ﬁé‘éﬁe@ﬁ@e |°81Pneﬁﬁ‘36\9?%‘ﬁ’6?1 gtheyastipteseor Mg thy wire bonding

or @ﬂaﬁémy te@hBGhds] Eﬁhe b&%ﬁt@tah%cﬁ%hy\ﬁﬁﬁuﬁivg kRuemt b&hSSided, which is
his is describ | ow ng enbodi nents.  Seen

placpd pethsdand pad %ifrteq@wef @@Ffil @ﬁfud aayibe advamsageousty hersed in a stud

tor layer having overlap wth the bond pad
buﬁl%mgﬁ)(s}?%gs‘s: is electrically isolated froma second part

of the When the outside contacts are made from the front-side, the advantage is that
there are no metal contacts hampering the light, which enters from the back-side. In this case
special provisions should be made to obtain electrical isolation between different dies. This is
described in the following embodiments.
Seen in perpendicular projection, a first part of the semiconductor layer having
overlap with the bond pad extensions is electrically isolated from a second part of the

semiconductor layer having the light sensitive pixel regions.
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sem conductor |ayer having the |ight sensitive pixel

regi ons. The isolation between the first part and the
weecsmnd2ysart of the sem conductor |ayer can beprPCoAB®AS/051560

by a trench extending through the entire sem conductor

| ayer. The trench is filled with an electrical

i nsul ating material . Alternatisvely the isolation

bet ween theisblhticit bedRédn 1B Hrst hiet SRGRNGCHRS Bartadf thd'@miconductor
sem conductor |ayer can _be formed by junctiaon

layies ennche; fommed) by affengh cxiprding theoughisaiotiEsiemi¢andugtpy lgyer. The trench
is ﬁﬁédtwﬁf arI Q&tﬁ&ﬂrﬁ&lﬁﬂ%h@&néﬁyer bel ow the bond pads is
renoved . In order to have a planar
surface Akerhamg:lyatbe p?oklslpm bewicen thh érstrpany ket thaseqegd part of the
the f I h nm conduct or epitaxi al
5¢ lacglg(ﬁm&)r Iy YENSV bg %18111?@% byr‘]l%fch ?Sro f)égless after the
manuf act kira@ attbrnbiie: eatodimén, |th@ﬁﬁ;t pdBeefahs sentibendaobolayer below
filters are made frb m photoreS| st, these | ayers can

thepond Ppds 5 ERPVEL St PEEIR Rk for et chi ng the first
part of ﬁl@dﬁ?@@hﬁféw&{a@Eurfa@é’@iloﬁgh%sﬁlhﬁ iR etnRRhcturing
extensions. The color filter processing now can be
progesethe dirg pptt ahthe semicpadustor gpitaxipl lyei ig semened kae gxsthe process, after
therﬁ&J u%&c'uﬁé‘ of @P QBB fiRerS. Q{b%ﬁ%y ARCR1d &‘ht@&'a?@m@{lé‘ £6h% ;{gl%‘?ésxst,
In e visible image of the I mage sensor n anot
theaellagiers agedssbevwrodds aeetth wiksk foe etkinp e firkiepartarfthesdemofonductor
th SI| on.bel ow t he bond pad extensions can even be
layglbﬁeé a ecbond A )}g% Slljornlsng of the color filters and the
m crol en'Bl&ScoloQ\fﬂlﬁf prdegsiag howGah bedarldmra Iﬂaﬂat arrSaca,nduch avoids
e mcrolenses, a hard etgch maséla‘%rer, t@
thlﬁ?lﬁ%%ﬁ‘rlﬁﬁw.aa 2§ 4 GUSACRCHEBEEE PRI Hef FVSIHlY g of the
1m£%3> dehdop. Way "gapl ess m crol enses” are fornmed. Wth
is additional |ayer on top of the mcro | enses

there i §nﬁ60@ﬁfa%j|vh‘§a$?éﬁ%@éwdﬂlﬁ@§ of thepacthodsthe famaval gfghe silicon
belj?@_ﬁfgﬁ%g(?néltﬂag e eﬁsﬁ&ts%@ﬁ efiheldofe théf%l)an afa%ﬁnﬂ% 8 iia %oﬁg ers and

etc I's used to etch
thetrhi@mé%mscélﬁtdudetpommaﬂ@rcom Kibovs tamathb@mdromw, hard letgh mask
e e i region from
b gD SE BP0 ADE, HIER B0 SEIALARAE9, 1, o
obj ect dh thihevay ﬁg@ﬂﬁss aticrb bnges’bare derned. Withgleis sédisaral lager on top

ich the efficienc r oved nd th sor tion .

of i ieipdees e s St e 5 e B OP A {ec i dhe microlens
and {h¥ @hlel &8a rS tiRcAbRVed in that part of the Ilght bei ng
not absorbed in the sem conductor layer is re-directed

i nto t hetheihgrt ctelomask is peedgp gich thedlgsionat quher wiewdncier layer
bel% tRe E(ﬁl‘d?ahé é%&é&’@o PR S Tolaldths ithSgel SBnd?dY feb ol iRn BE rest of

rel evanc
the semiconductor layer

It is a further object of the invention to provide an image sensor in which the
efficiency is improved and the absorption variances are reduced.

The object according to the invention is achieved in that part of the light being
not absorbed in the semiconductor layer is re-directed into the light sensitive pixel regions by
reflection of a metallization pattern. This is in particular of relevance when the
semiconductor layer thickness is much smaller than the total absorption depth of visible light.
In order to reduce losses, the metal layer facing the light sensitive regions reflects the light
being not absorbed in the semiconductor layer and re-directs the light to the light sensitive

pixel regions.
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sem conductor |ayer thickness is nmuch smaller than the

total absorption depth of visible light. In order to
woeoscie2depsses, the netal |ayer facing the |i ghCT/1B2005/051560

sensitive regions reflects the i ght being not

absorbed in the sem conductor |ayer and re-directs the

light to the |light sensitive ﬁ'xel regi ons. Preferably,

t he net aplfezafy, Iﬁétﬁihﬁéiﬁbn' ﬁatt@mrfyz!l ﬁiultﬁél\%ll metalhzatlon attern, and
netal lization pattern, and ferent col ors of %

diffgrentcelorseaftlight arovatleatsd wwar@r@ﬁ@rem light sesgifize prxvleregrpmel
regi ons sed
by usin gT%—éqﬁgﬁgﬁﬁyted\f ZIFEC%%%I %rlhgealtﬁ ?I]ca)%%? R§ wﬁ [ gg nltnﬂtgle\r?regt al

métalztion iruwbich dre 1walrle5felrseﬁunc1rcm as refleatorsaadvant ageous

e I TR, S Hhcaf U £ S e TE itk 330dszation

pa’&ﬁﬁpﬁﬁiﬁéﬁ ©h Cﬁfe ﬂir@t}/ﬁfface‘l’dﬁﬁhet’rﬁirﬁbdnldﬂﬁbﬂ layerpelid raétalliE@Yon pattern
|se b extensi ons. An outside contact is

d
maérrc g&sd 383 pe% @thnﬁg‘“@ AISIEE RO 1SCALPRERS by Ronyqesing the bond-

ba®BEBsGhs Rfﬁra(ﬂléﬁgmhg ErrSRIN (ROQAHEIHANcthb AN RS 2Rl %etﬂ?@tectlve layer from
protective |ayer Tfromthe back-side (side where

thel baghrsside tidarwhere fiw lighenterpe AR elshicalontaciofiom e back—Slde is
oS5 AENRLASE BB DR 80 iy by i
bomzlmgoiﬂlpﬁthmge@mqﬁlbs 2] tlialopemeg hmelguasal comiutties gypdkon wige bond can

I d.or.w d b
v B B RSP BB oot e BT ALA S A Bnconsty
be Hsbdlin a stild belmping ﬂg@;eagjvant ageously be used in a st ud
bunpi ng process. How the present invention may

"nto ef FRRY HGNTeseRGRFSEoRERY br BELMM & frcwrﬂerr%‘h‘afedqselbed with

reféBBceAb RRNHBEhISE BRRhIiE dfkads nrgevlo@gv hﬁﬁléﬂoﬁs vmﬁm
variations and nodifications can be nmade w t hout

mogjsatienssan be wade wihay departing frem thespal of theiprgperitipntion.
Thae_xﬁg)'}ce fl%guld bk ]pf%tgﬁ}’ bgdeps‘?oéﬁl tﬁz?rrtﬂlé/ en%b%%ecﬂtsogfjrfl Ex%%entt Hﬁ/entlon are

. di ments o present I nvention are rat
illusindtiveanty andmot mteedcte‘@ lingit thie stdpetofithestaipe of t he

claims. The features of the invention will be better
understood by reference to the acconpanyi ng draw ngs,
which illustrate preferred enbodi ments of the

i nvent i by wa exa t he raW| n

shove a DeHEes ol fﬁlemvsg lbaﬁe%rrug 3}%@’ e 10 the
accdRPERin@&a R Tnds NehitIOIRB RIPREHHE Binbedinteh® of MEaR¥dnibn bﬁway of

protectlve substratelsg ued to the first side of the

exajlesy In the grawingshows t hat t he subst r ate i s renoved,
qu 'yg? t I":lﬁ% ?%b@ga Qgieqﬁtll: ?é'ser?ltat t 1\%9@21){1?%€§égénrggc%ordmg to
an snb@bment@ﬁﬂaye‘rename Aeprotestiveagubsttage ngiuedrt@ﬁlecffrsttshe off redwafer.
pad ext ePn PR3 iws that the substrate is removed, using the buried oxide layer (BOX)
as etch stopping layer.
Figs. 3A and 3B show that the BOX oxide and the Si epi toplayer are etched at
the position of the bond pad extensions.
Fig. 4 shows that color filters and micro lenses are provided on the buried
oxide layer (BOX).
Fig. 5. shows that a second glass plate is glued on the color filters and micro

lenses.
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Fig. 4 shows that color filters and mcro | enses are

provi ded on the buried oxide |ayer (BOX). Fig. 5.
wehowsgi22dsat a second glass plate is glued on tReTaB1005/051560

filters and mcro lenses.Figs. 6 to 8 show t hat

contacts fromthe bond pad exgﬁntions to the BGA balls

are made. Figs. 7A-B to 8A show an alternative

enbodi MeFis.igo 8f3heW tidd Boiauisiirfia Shetbon@ Pad BXtEntE to the BGA balls

connected fromthe back-side. Figs. 9 and 10 show in a
areg@¥®nd enbodi ment the renoval of the silicon bel ow the

bond padFiggﬁtﬂﬂﬁ LORR sREW, & afIBRM{VE ChibbaiRn O WHIEh G0HEEd pad

filters. Figs. 11 and 12 show the transmttance of two
extghdidnsrasheonpediest frém fthedragk-sidegs. 13 to 16 show in a

third e?ﬁg&@%ﬁﬁotsﬁ&vi e@e\égllxd 8 fb&dtlt}gelﬁ I’tﬁeI I%%lg Q%k Y shl%gn below

bond pa Xt ENsi ons after manur ac uring o Yhe' c61°or
theftiontl pad exandions efiel rensésturinp @$ thedlor Giltdrsl show in a

fourth oqdi. ne that . the silicon_bel ow the hon ad

ext ensi oES 114 T61 L2 HPEGE FGn Tl 0401+ BAAECal s

sensi ng Figgi19mo by sHHMainS: tBird aMbéttiinkRehd R oMtoFtiheOflidoR below the
t he sem conductor |ayer below the | eads Figs. 22 to 28

bondpnd exengions #fien merwaeiHse! thaaelox flersmd mistolenseow t he
bond padeigxti@RSH PRRBW H oG Eﬂl&?&iﬁﬁfm'tﬁa@ kRt@ftoh "bgflzlwlttggbond

i mage sensing region by neans of deep trenches
padagxt¢nsions dheelestnically ésdlates! frorg Hhegmdgd ssopin@regiomcbytthean ohah n-type

- t.ensi Ei the pixels are
Hn@%%%@%?é@%%%ﬁﬁﬁgdgggggg?2?@%@%&H%?%. 30 shows in a
si xth enifigd RABn28 thet inerfHir ephodehant dpt theisdiedn belowtthobond pad
et B SR B D507 e b 7 S PUEEy s
filleivith okide Srrempes @s 8clob&r 106 ae@hdihs bbl A akasibRed at
di fferent. | ocations. The Present i nvention will be
S

descri bddgvitHOVeEPEle PixSISFaT tepraled by haslap Herthss-and
Wi th refigr encolQiltelik@ichbdiBNn e Rhor gﬂ%l_s:r?@ﬁﬁﬁkteh P4} two
_is not limted thereto but only by the clains. The
difgremhivayiensthsdyicheesing edifitont bydiedmteiad. Thedisepehigher level metal

layg']g A5 Hﬂt&tro}sr},gu ¢l cﬁ‘ffér@ﬁ cgfo ogggﬁﬁ)gﬁegltﬁ ic]iﬁ?eréglft 103091{{(‘)3[15Of the

enents nmay be eéexaggerate rawn on scale for
illustrative purposes. . The terns top, bottom over,
under and the like in the description and the clains
are used for descriptive purposes and not necessarily
f or descTHelprédgntrigveatibly &ilDBS ddstiattd. with respect 16 pBRicular

emﬁ(%g]gl{ﬂ?tg E%FWH; ?e%@rtgrl;c% tg gértrg?n gr%wkljnsgg %utatglg inlvgltlt?orncilg %thl?rgli?eld%hereto
but only by the claims. The drawings described are only schematic and are non-limiting. In
the drawings, the size of some of the elements may be exaggerated and not drawn on scale
for illustrative purposes.

The terms top, bottom, over, under and the like in the description and the
claims are used for descriptive purposes and not necessarily for describing relative positions.
It is to be understood that the terms so used are interchangeable under appropriate
circumstances and that the embodiments of the invention described herein are capable of
operation in other orientations than described or illustrated herein.

Starting material is a silicon on insulator (SOI) wafer 2 with a silicon substrate

8 and a buried oxide 9 (BOX) thickness of 400 nm.
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circunstances and that the enbodi nents of the

i nvention described herein are capable of operation in
wobtbheri2oxk ent at i ons t han descri bed or il ustraPewiB2005/051560

herein. Starting material is a silicon on insulator

(SAO) wafer 2 with a silicon gubstrate 8 and a buri ed

oxide 9 (BOX) thickness of 400 nm The epitaxi al

sem condugd é}j’ltaklah/@fmcﬂdﬂdhc&oxﬂa}tey e ivp-tpe a‘llﬂml}'?l@éh d@pping

concentratign o 15 at/cnB (resistivit

CORRRFEIY bl RUSmFEHEiRES D BhEoR) e (pickaess of 100 nm

schemat i gl | ych@ﬁ%ll& @%Myﬁ%ﬁﬁéﬁrﬁf tﬁel"lﬁlaggr?éﬁ@or 1 on the SOI
sensor 1 on the SO wafer 2. first step, onto

wadiir 2 Frea Bist steixion ItOPS@frﬁlQ:m@&l@I &@rn1¢calyle¢t0111@}’€t§f10t0lﬁ theSQ!I wafer a

. . P
] B S SO P ol BT 8 s
Totbeeldedm aanmagﬂa@escsertwwdlmensmalchrmgmﬁ pbotadsemitivaelendents 5 (diodes

ensi t| ene di odes .or, t.r ansi
or R P H oG GBS it Sl T8 Pl gt fzation
trajebiespo&iladond ?ad EQénsiongjl € fe iR EcalreddRIEhRRBNEXN RGN ife image
16 are manufactured tq make contact between the inage

senspgdpHan prdihe axtamal hond rady lateni the Brogess o $rqtestize suhstr@tﬁ d in the
fort] ¥aSsss phitdds QEREdd wigh §ﬁ9§11 Jf%‘i\ﬁ: 24 dnr{he ﬁfst §19f'a@3: 9fof the wafer.

glass plate is secured w't l'ayer of glue t he
first sunffage tBe sfbstrife Swéih@rSOIIWﬁf@ igrenpvedh by Slmhng atdea

ol 18, 5 kL STPAEA YR A S g
highet (typaoal Oﬁ Snmenﬁ(q—thsmthatetch mate of silicdn dxideh@rpidat ¥ pincrain). A
he tch rate of silicon oxide

Selfcttvg% °%Pﬁ?f‘?3§ lectivity of 100 can be easily
obt ai nedTheMigicd ukide Ihy@ﬁ@ fl@cliciy @k ad efchl BehHias Tyas TRE protective

et ch _stqppin The protective substrate 7 facing
subsfrate ANpsg %3@%@% ERgesSeRIost RIetests fliesemusonduien jetes from being

etch@yer from being etched. The silicon substrate 8 can
al so be renoved by a wet etch in a solution of a
m xt ur e Bfe sHcopRdStaisd csnblse §aeamedvipd by agves eiclin dspleion of a

ﬁ?eé ofllﬂ*“/ﬁf\l@e bnd ghbg%@@ﬁtﬁl fl.86hEbE B KOpP! ati on between

seni conduct or Tayer conprising thé photosenstive
pi xel r dgioodes tg «bbtauatelepiancal ig0iticarigttwdve theesmiamhdidier layer

). dugct | g t
corifiinhe RS Slent R Fiist G R R rary b i st SO0F firorductor
layed’(decghdil phrt 91), thetsb@ndadt @1 1 thd eérkiicendictor layer i8 rérsovieds ned

upsi de

ded t
the | gt BisBirig Hib P dhouhalh sergul shHerae (oes Sheidhdgem
is used A @s@t flsk imels Brovied o%;d@ftﬁe (B seRE faht@0%h Fig. 3A.

epi top_layer 10 outSide the |ma8e sensing part 21, so

Theserempskes Bisddo pishl thebuead pxide 9 (BOKFprd the S) epi Am InyrrgR outside
therqlgh%e\slée%g %/}te ﬁ:'ﬁg F&e\%gﬁeebofng:} d g{tel?s%ns 1@¥F1g 311% A?th@lkg%qqot
shown in this Figure the Si epi layer 10 is also removed above the leads (forming contact
from bond pad extension to BGA balls) and above the bond pads. The resist mask 22 is
removed afterwards.

Alternatively, the buried oxide 9 can be etched using a resist mask and the
silicon epi layer 10 can be etched using an oxide hard mask.

In Fig. 4 the buried oxide 9 (BOX) is provided with color filters 12 and
microlenses (not shown in this Figure). The color filters and microlenses are photo senitive

resist layers, which can be provided with photografic techniques. For the alignment of the
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from bond pad extension to BGA balls) and above the

bond pads. The resist mask 22 is renoved afterwards.
wélhvermatsevel y, the buried oxide 9 can be etchedTaBi00§051560

a resist mask and the silicon epi |ayer 10 can be

et ched using an oxide hard naﬁk In Fig. 4 the buried

oxide 9 (BOX) is provided witH color filters 12 and

coldt GEIRY ENRARe HiREL5 SBCMe hilsrhthEmiike VA e ustd8s HQkRHard CMOS
filters and mcrol enses are photo senitive resist

Prqcgspey- I hesgridigpment mnasks 457 ighesrnttains i tha silisep aiijlayer. Because the
thlélﬁ'xg: A Xixﬁeeinlafé?rls #NRe Ak QHI’TP Enumo Ehetrﬁﬁﬁg}au@re 11}’%6 Stagl% b?lghe

he sane a | gnrrent mar KsS can e use
stegpanidardetr GM3Popy ihe e SronTihe backadidey spasial madkslase @acessary, which

etched atterns.in t epi. | ayer. Because the
R TG ncelglgmé) Y tgegta? a%/gl%gnl senprr?m?(ﬁ'e range of 1-3 mm

t he mar Kia Rig.& mmﬂ@@lmmeﬁ 2ibis gedyedt dneths telpp@iter 12And the
. er tq_expose the wafer fromthe back-side, special
mlﬁﬁ%?@é@@%%&%@ﬁ/lay%% °ch are mrrorred versions of
the stangang el s@pmBtlapRDkSs prbidéd.0- 5 a second gl ass
plate 25 |sgsecured on ﬁﬁe céfor filter 12 and the

m cr ol enddde.vi the wates sciirhed The notehel8 ends injthe wingr glge lpyer 26.
conpl i anltn‘lﬁhgﬁef{letg le 2@r gel'lag@lqer ﬂleﬁk a&%)m\?ldgch %d’)@gﬁfs gg%re

not ched not c i n the upper glue layer
mafe Fig. 8 netal Ieads 29 and a sol der mask are

Elr g\él ded[‘he RfoGes sa sgllé)ivgff{cl) g%ée descrls m%é:es‘?fer %&/é@{)& age
praeecisshsel mclva9ed 9645. WIS/ 19645 In an alternative

enbodi t shown.in Fi t.o_8A

s onsi chen TRt R SHAMEHE it P QA ond pad
extSRGERArdloanisctdd BB tehatkadbng a typical thickness . of

400 mm), is sawed form ng an opening 50 just above the

bond pade@)@F@ﬁlélg(lﬂ%PlI‘@ 25Tthavipgt bipice] tidkaess oAAQP pm), is sawed
f
forIﬁ?A na(ﬂfénag 'sgé %Md%zg Bkl 1p!ad ﬁpﬁ&ﬁank 16 a@&g WattOnRXRE LAY

ers o dp ext ensi ons
tolc(rms ngmmpakeﬁhmﬂtfﬁgﬂt mhgaqﬂa\qug)nph@mg’gté lagrery obthie bond pad

ext?tﬁls?(ﬁlg ggee\@hn% r'}éé hlel{e dﬁf@{? thg Qi%ng g%)%ex e rb%ré’? gp%{sw?gn t&l&% are only
a féw gnicrdl) left Beﬂmaqﬂe péning Maﬂdahabmdr;gldfeammm nGeadig. 7B).
| ass ar rermv d, Preferahly a dr chln
s heed SHRHENE e R M oL Sy ety a
dry%tﬂﬁnél@ﬂﬂhq’t@as @sreafm@tﬁ ¥ atfiRribOsshtRRNds o6 PsLwire b&uﬁﬁge

sem conductor | ayer 10 are used. These bond

a
prefqrgidis the bogd pags %ﬁst &otha semispdusips fayar ¥ #1g PPF‘é‘d Thffse kg pads
clobddt okhdBRhALondBNEF laiabd olBe b @Bk ffetal layer which is suitable for

wire bonding 51 (see Fig. 8A).

In the opening 50 a stud (e.g. of Cu) may be placed for stud bumping. Such a
stud may be placed on each level of the bond pads, because a stud can be placed on a thin
metal layer. Preferably the stud protrudes the surface of the second glass plate 25 for making
easily external contact in a stud bumping process such as flip chip.

In this alternative embodiment (Figs. 7A-B to 8A) an electrical connection is
provided from the back-side where the light enters. This is contrary to the Figs.7 to 8 where
contact is made with solder balls from the other side. In mounting processes for image
sensors, it is important that the wire bonding or stud bumping can occur from the side where

the active area of the semiconductor is located. For example when die to die bonding occurs
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wire bonding 5 1 (see Fig. 8A). In the opening 50 a

stud (e.g. of Cu) may be placed for stud bunping. Such
we 28dsud22ay be pl aced on each | evel of the bon@CpaB®ps5/051560

because a stud can be placed on a thin netal |ayer.

Preferably the stud protrudes, the surface of the

second gl ass plate 25 for mak‘ g easily external

wnm%%ambﬂ dR o2 Wien Q%delﬂgp@te&q&%szmmb u@sl, fo dePerfithBdules a die
his alternative enbodi nment ﬁ 7A-B to 8A) an
iy

is m@éqdrtp dhd baglonide of p Haxible sgb%r\ated@&l o ehhsiek 18 g case stud
oY 5: bk Lo T BP0l Bl
locatether si de. In nounti ng processes for inmage sensors,

Lon oo BB ik B0t othd EMARRS; Hooll TR Mo be

tak&€ for elndpahiddn ¢fhd m@@b @ﬁlSOlE(Dal‘telﬁKﬂ[@rec%hen die to die
bondi ng goccurswith a co ani on 8% or when bondi n

oroces | HeATPENISTIS Gaickt SCPaaes Y fis Tosmitiftecibe seTBipRAdigtor layer

surfotd B %etlﬁlagé@en%}ﬁ k1 $d &leibd @s Bdsribdalif URQSIT BIse Wi th
chniques. In that case stud bunps have to

flipc h| e

be. pr ovi s hisfacibodis nsi eiablp dardhe memaeTIyof GHGS ipmee
‘ lC;
ser 1S, IR0 BB Rrnd S kARG sorh BRMpkhel Ping SR Ger 10
is ifi dhre rhige fd pi’amairor[sr(lmfead bigthe ﬂl@ﬁgmnsne BSar, 577,296 1Af tha s¢rhigonductor

rocess.,. Sensors epar at e
tayBEREGR R S B R AL RN FaSup %t F PR Ry P b
migemsors 2 1 in a nethod as descri bed in US 6 177, 295.
However this nethod is not suitable faor the nuact ure
of CMOS THuigeoa ﬂydpgv Capa%maul@%gatﬁé? fhsmreisess Tigh netpossible to
mahiR&EreS8H39Eron [dBAcdsh G @R CVIDS pRbdekE NwhRR! vielevdil
is in the range of 1-3 mcrons (instead of the 100 nm
ml‘FrﬁnSUQPQET_@P?TY, 295). If the sem conductor |ayer
surroun h% &F&Fo& 5@%81%1%%%15&%&%‘65 Ghe Sﬂlﬁ o ZMRYGH thef’bond pad
t opography w occur 1-3 m crons. I's topography
extmjom zims;ehep o b latersstaga bethe ipmceheApnaJmantage ofghlm chift towards
nuf cturg subz m.cro 1\28 ces
S

e
latcp roc ssm q vanced Su1 mlcron roces can %e done on a
ég pr OCGSS AR P vera m Crons

: plahamoﬁﬁcapﬁyhefoelt he net hod accor d| ng to.the invention,

the silicon 2.1 belowt e, bond pad_.ext en
ol ohed {Alntiyglts LRdaungt R oHev ARGt A Ssipyhich the silicon
el R B R ad Extbhlichs ShétERed HRIAE BS colok Al aR RERSEhRE, tHeS
that the advanced deeg sub-m cron CMOS process can be
e

rengpyAkofdhe gligoma helogy the Rerd pd axteasiqng K can besjope pftpsmpapefagturing
of f{;lglg%ﬁ@m% tBRspafAV¥esisNafdr 91 ised 3a 3n nlaBk WRlekRink MR oxide

layer 9 and subsequently the silicon epi layer 10.

Figs. 9 and 10 show this second embodiment of the method.

It is very advantageous that the color filter 12 processing now can be done on
a planar surface. The color fields 23 are manufactured by spin coating and subsequent
development of the color layer. Different color fields 23 are manufactured after each other
and are aligned above the pixels 5.

Figs. 11 and 12 show the color filter performance for visible light.

The transmission for blue, green and red are respectively about 80%, 80% and

more than 90%. This RGB filter is applied in mobile phones and webcams.
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bel ow t he bond pad extensions is etched before the

color filters are manufactured, the renoval of the
weizbosgiazee2 1 bel ow t he bond pad extensions 16 eamiB®05/051560

done after manufacturing of the color filters. The

transparant resist layer 3 1 js used as a etch mask

for etching the oxide |ayer 9 and subsequently the

SI I I con "BfRitranauREiod Gor CEaxgsf;ag&ltaaﬁh JlloSRWrdspdctivalg aBARE 80%,
nent. of the nethod. It is very. advantageous that

U%W@dQS%o?h$Fﬂ@gﬁﬂ@QmﬁpﬁéééglH@Oﬁ@ﬂﬁﬁéﬁmbe done on a
pl anar st agene JJ‘@r fﬁf?:!rsoarre fla8d gém%%h%fo?es‘f@ Qh@s@@atygfs%gn also be

by spin coating and subsequent devel opnent of
usedaks en efchpesk fqnetothmgém sibesingpp fayer bgtovphe doad pad extenswns The

q%ggr o%ﬁlge uéso? p?;_cltegsg i.s %ﬁg?ﬁgﬁﬁ%yé}% Vﬂighe %le ?&%&i ]@I?CF (?é(/gloped open

in wrémfmmﬁp@d extesdidlseThe @pfhr. lay‘Et’seanﬂrmnﬂJﬂnnsa;l aopearexposed at

bl ue, en and red are respe 0% . 80%
the i, R PP & G o L. P9850 (g epiaver 10 can be
etch&@N sy tﬁ@&:}%@?&ememaa%ci{laﬁe&n afasin ssion for cyan,
about 80%  90% and

magenta an el |l ow are respectlvelg

95% Thi Fggscﬂgﬂq 16 show ansadyppngeers thind gpbedmepinfitbampyad in
wh%ﬁ(ﬂ?é‘l%ﬁlotlﬁ%f %%I s‘?ﬁcoﬁ'blefthﬁe %rft'i ﬂgﬁgﬁteflsﬁ@ﬁ@ @n Bk 9519! eﬁ'ﬁk st,

these layers can also be used ‘as an etch mask f
mapyfg¢tivring ofthe edlr lémns ansighe ayezeletrst 3%v t he bond pad

ext ensi Th r. of e Lor S

©r anopar Lt gt e 2 4 ane bEBAERME B REER AbS Rposicing
theo:pbn ﬁitérs an aad &ﬁ rrmf:rdldmeesb}dnd plada ﬁmﬁdmﬁyan 138 is d'dpesﬁedl(me Fig.

cro. |l enseg ar n_ex

13, BB GPER a GI Pach R FEHGR S | oo e i g layer

hav®d specife BitfedtBeRNénstR Y@ thailfle 6@fachOf ﬂieciﬁheﬂ)ldﬂ@ hsf@la‘llbﬁthan the
col or/ m crol enses sandw ch as_etch nask. Fig

pixelsugiaes ang s @f hetlighbernaiot sttt Wathgbia pAdiHpnal #aY@h%% %&01% gfthe
midrD 18MB8dsP . 1HBR iE ﬁ@?ﬁa@lng%f) tﬁalf' fheSikdal TR RRLAWsTRE t}p:ﬁﬁ%l BRH are the

ext ensi ohs can done after manufacturing of
sang| or filters and the mcrol enses 32. This enbodi nent

has the s%ﬂé’e%ﬂ&ﬂgroaI @Iot?xgﬁ?ﬁ %E?ssp ;%% Qihg Pefep abd%Ft&?erbond pad

depositing t ers e mcrol enses
ext@Rjona 16 isasapasediand ideheldpay epen3 Ehe plastepoitiidesid, BO&eoxideR and the

stigggoighfal ek 130 g IRBL T AL T Ll B spdOET e Blsma

nitr$qRAGY o hab) Bk WEIEGiVeiaB R0l @NB@S theSNashaatitridd @y suiipbiagen &f oxygen
the mcrolens_is smaller than the pixel surface an
contaipipg ghsnp gsep Firgh d 0) Aleratively this trangparppt e ¢iis capgmpindhetp-

layer 3&fipatddRo e &E&dmn%&deﬁnﬁl@%d%tagwsﬂﬁe ’clﬁrdrbﬁlbodlment
spacing so that the area of the m crolens and

arepj xel area are the sane. Subsequently a photore3|st 34

I's prov itﬁleecgolor-rﬁqa%? %}155 }nicgglngsela%? 82 Qwof%@t@d against etching steps by

means of the plasma nitride layer 33 and the resist layer 34.
- gapless microlenses 32 are obtained with a larger microlens area.

Instead of the nitride layer 33, as mentioned above, other materials such as Al
can be used. An additional advantage of Al is that it can function as a light shield.

In embodiments 4 and 5, the silicon 21 below the bond pad extensions 16 is
not removed, but electrically isolated from the image sensing region.

This may be realised by means of:
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extensions 16 is exposed and devel oped open. The
plasma nitride 33, BOX oxide 9 and the silicon

wepidsazemk | ayer 10 are etched (see Fig. 15). PO®1B2005/051560
resist layer 34 on top of the plasma nitride |ayer nay
be selectively renoved fromthe plasma nitride by
stripping in an oxygen containing plasma (see Fig.

- 16). Al 't gf Rafpe iabMntafidrB3 3 mahs fadicdtiduttesSkhgdr oKW the et
there. Conpared to the second enbodi nent the
(crybrAimen4e 8T of the third enbodi ment are: the color 12

- layer angeqth&s ) @RS WiBYSlHdeSArAtal A8l &bpasaindHond pad
etching steps by nmeans of the plasnma nitride |ayer 35

exigngonsHempediimsnt Y)ayer 34. gapl ess microl enses 32 are

obt ai nedy W i . r ' _
1 oo | APy AS5k o ThELRLERE AR o DL R Ty s
pixelcgicas 2@\is deutridably isottkd fom dubdiestiob seaicamiveint lager 2f whidre the

i.S,th it can function as a light shield. In
1“@ﬁ%%&%h@%?§“£ng d 5 the silicon 2 1 bel ow the bond

pad ext emsik elestrid¢dl idotatidatis SIRAMYES) mbails o€ he BLiyp€ Bhplyntation. With

isolated fromthe j mage sensing region. '

) | ] Thi s he
the 2 pf S Egishpaske BR SPIIPP yehisdppatetl Ariren ?%Wh%fg%‘?{ 1p fhe process
comtadts E&@Q&Pﬁlggeiafif%%&ndaﬁé Bk D8 ckRadsns(@ibademRie (§%e BE. 17, top

‘trenches 40 ed with oxide arranged as a close
vigvdo phealNduped Phdsidmpleaitaginn A s doms ai lugh entirgtietin ths)MeY range) through
i tad, - ' el aysr i .
a r\%ﬂ? E)gatsgg Q'I‘?ng%ﬁ@g%%?i \Pg&g‘ﬁg g{e %?refgg‘n? élr?] ig %(g Ilngfrgéf 6! ﬁgpe the entire
thickrest ofi thadgi yayesohigh éanferance taheeat Bsionoéifies eemaowh dindt ossist layer
38'%¥§; % g where the leads 29 will be positioned. This
&%68i$i%h isolation is obtained by neans of an N-type

i mpl Iant al.ateon iﬂ\iﬂltefprb&egs,alhwlmafal laads@Sicsi\;&:mﬁé(I'\I—tﬁbEESiaSi and

to ayer i.s_inplan in an area, 35 ere roLn
thetrﬁgre;ﬂr%@@@g%@aﬁi%?ég%ﬁﬂ%%ﬂmeﬁ@nw@a%}gtoz 55 (e Foheross
sedi’_@%l%v?_ﬁ%hl%’]?o ﬂcgcﬁ’@ﬂ lindB-BTBA8 F{589 cfosdseciidnal t\d/féﬁr perpendicular

Vi ew) . ype (P, As) inmplantation 37 is done at
to thegiatcBdér lige Ai4) t he MeV range) through a resist mask

38. An oAib%%lﬁtQ%%&gthﬁ 'i)?étlﬁ)(&tiﬁ Ithtagf?o %gﬁgﬁ?%@ehgi.is 28bduced on

In order to e entire thickness of ayer
theawdfegh t enperature anneal is done after renoval of the

oo AT ST af s e B el e s gt
isodddell frbietief emicoatetal 1@k kiithahd hght saksiitve gixkl regiohhBy means of a
oo BT S Sy LTS (35 5559, Hhe o S
etchbPirentBeCA 1058 cls &6 110N dith\Wl RWidREL MM watbad] like silicon oxide (See
Figs. 25 to 28). After the trenches are filled with oxide, a planarisation step is performed.
Alternatively the trenches may be filled with a thin (thermal) oxide and polysilicon. The
polysilicon may be provided in a CVD process.

There are several methods of manufacturing the isolating loop. One of the
most elegant solutions is to combine this step with the manufacture of the shallow trench
isolation step in conventional CMOS processing.

Just as is the case in STI processing, trenches are etched using an oxide 42 and
nitride hard 43 mask , they are filled with oxide 44 and planarised.

However, these STI trenches are not sufficiently deep to be applicable. A
subsequent trench etch has to be applied to etch the trench through the entire thickness of the
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to the notch 28, line A-Al) A big advantage of this

met hod is that no further topography is introduced on
woheoswatme. | n enbodi nent 5, the silicon | ayer PGIIAB®05/051560

the | eads nake contact is electrically isolated from

t he sem conductor |ayer with tlge i ght sensitive pixel

regions by nmeans of a |oop 40°around the bond pad

epgf%/&r@ kOR%idBnd) SBR lﬁl'rlgé ox1ag la?ygp (%@X) ﬂlﬁ&m‘n@ Qsoetbﬁstgﬁf REMyer.

ched trenches 4 which are fil
Figd 7e5c¢nd| 2pahow sespeativaly thqawtelnnepf thp Rleaﬂem tremehh 4@ siidbe exdesedeep

tren|c:19§ I T%g ftllﬁ)né]%)th mA{IBt?J# &1%1&1&1 58 %ﬁ?an@ﬁ?&&%h kd eﬁ et Bmbined

wﬂmestraﬂdard/swpmbﬁstrenches may be filled with a thin

(t her mal xi de, and I sili The | ysilicon :

be provi E@gh? Fdp WB %ecr@ié lsﬂ’?BPSéteg@Sellg @\) e]#rgferabra%e width of
théBdebadaictof 1 ﬁaﬂluﬂactﬁamrtwa Findcld €hd thizkadss BYthk oRide 4®tt6be0<ﬁep051ted into

the npst elegant solutions is to conbine this ste

thegjreneh oh erdiEiPHER f EROMHATIH Bt SR aPYLSEAUOROh R Wols PR pgised by
m&hEBf EHnG QN Ml%@ﬁa'nﬂ:gpﬂohgl%?r encZes 1999 ANSHivaIS, thS trkAGes may be

case I n STl processing, are etched Using an
fillpdivdth aBinatiermil) pkide aibpolysiEoneEie polysiliopn ez beiprdvadpd in a CVD
. tsh oxi de 44 and pl anari sed. However, these STI
P RYiches are not suffici ently deep to be applicable. A

s u bsequ emhlstemnmhleet i]nash}asadvantbge @timllly et dxoa etaslh steinend the

nch t hr ou entire hi thee | ayer (3
@eﬁ*‘%h@n % fpeege “% °§ é‘?‘ hf@@?f functi ons
aS etch ﬁ)@?ﬁbl@ of Jch@){ﬁﬁge Jehgsg ﬁﬁt amthedBpdtedfrom each other by

respectively the etching of t shallowtrenh46a

meag obdacp Arepeiep 4 1A scpgmatigly Sy HYF i 4°h L1ghs enter .Vﬂaga color

ﬁlfmﬁ Eﬂt@{heq&fh &Hﬁn@é ﬁ@a%ﬂ Skd1oN TR ﬁnere@ngms %vmeraaﬂto an
the standard process. To this end il

elqcauc@f ¢Latent1¢gemesat@rbmdb¢ depletiopilayer of7the ppjusridem B"h? d@met_lon layer of
thef‘ %19 }utnﬁt?o %g S a t’ﬁ{: %ﬁrﬂgg Bf fhe 11}{51‘?%%% VJJ gh tﬂe taill\@ ‘chteI e?ﬁ-gayer or

e oxl de to be deposited into
th¢ sidevedil ofra deepl&encmo obtain a good planarisation.

gﬁ gfn.eg;le ﬁ‘%ﬂ‘?esé‘gi%’ftg%[ tl?e (ﬂﬁ%kgi H};%e (I@Qtegelkgse bu k of the epi-layer.

A| t er nat Theﬂéep tteh€hek If(ﬁ@ﬁ)lwfsohiﬁyn b e hhethenirédatahd dainte time as
ermal ) oxi de and _polysili con The H‘%/SI licon ma

th%@eeﬁrt'i?%}?}tﬁ’é hich ae epbigseleial isqiption iy ﬁ?nsegﬂ?a%yzo from the

reg@et@%@ﬁg@% of only one extra mask step and t he
advantage that there is no further topograph

i nt r oduc bue fustheradvprtageessemtmdimentxibp §6QPftfeﬂlh1éf’S iappeipd filled with a
dleigcrﬁgé {8n %{a% ﬁfaﬁe ?%c§§We%&Qhés rOhRacH a%tek't%lﬁje by, FER fhe
of  deep WN i N

hi's is schematically s
pld%jagsatizﬁ laylet @hd trenspaarg resish layeca eprbodiment 2) for the color filter process is

provided. The advantage of this method is that the front-end processing is not modified and
there are less resist variations in the color filter process.

An additional advantage of these deep trenches is that they can be used as
alignment marks. The marks are used to align the color filters and the micro lenses above the
light sensitive pixel regions. Because the trenches extend through the entire epi-layer, the
stepper may detect these trenches very well in this stage of the processs.

In back-side illuminated image sensors the light falls in from the back-side 14

of the semiconductor layer 10. Before entering into the depletion regions of the junctions,



filter 23 into the light sensitive area of a pixel 5.

The filtered light is converted into an el ectri cal
wouoosant2é2generated in the depletion | ayer of POBIRPW5/051560
junction. The depletion |ayer of the pn junction may

touch the surface of the interface between the BOX and

the epi-layer or the sidewall ¥ a deep trench. It is
R ST b A T S T
sangedmdtictonlagari Obe manuf actured at the sanme time as the

gfee?hter Ie%ge I 1onnod° VlSé (%’I Fglg 3 flie r%glinﬁcéltqéuecgc%r lzalfer %ﬁf%re entermg the
dedtioh ayiion, 2dn bd rRdacel ws kdrerTrdplRtiGORQINS of fiHeGahdMeAs touches the

ches are not filled with a dielectric in

the deep .tr
5 tr?ﬂ??%ra‘gtoaﬂ%algafyef by particuler capte renches are filled in

a next StyeRsn th@séMﬁb&f&lu&tB?la?ér&ﬁ@kﬁe‘éﬁis‘rﬁ[&h'sﬁﬁéﬁér third e total
transparant resist |ayer of enbodi nent 2) for the

abserpéien flgnth ef vipiplsdiebs aucgrtfpn evruE®f Lighievitldiaapmiaguought the
is that the front-end processing is not
Setrrrlnogjlﬁ]fdl éllhlggeé there are less resist variations in the
col or fi Thevlight oepbe reflentedtivlia tniataibtatianl paitdraf® vaficlt fuesteons as
10 reglgetﬁrtrenches is that they can be used as alignnent
$. The marks are used to align the color filters
and t he moahie eh@&nsgsiahbeiadlizatien patght is Sedigictiiy te@MOR
regj ons. Because the trenches extend through the
m@ﬁﬂ‘izf‘téonetfﬁleoltayer the stepper may detect these

trenches W@ metdilakioh Patith $3 RlaagRe®lo HifRioRRO FEREPr tol 18-direct
back-side illum nated i mage sensors the light falls in

light ¢mahe héht@awt@ rael 1eRiqyrs 5 Freordenp aeshigeilosess, thepstal lpger facing the
|
s LR ERERIFIG D, KR EBBRE ULl 05yl o e
difects|thghght Iua&\e flightt senaitg e rixel lnergmgh t he sem conduct or

| ayer 10, The. absor on o in the
s conddir SPFARLpPy Shsfoat if i diard Wilileh biffigye
méttizafon i6 &hidhethe ﬁﬂtat Iagiefs duncebDas reflectore o 1gt30whowegifc0§bnsor pixels

of .the. junct.jons tou he transp ant 0 ayer
ontpitaidpt B EaR S EEEhs b EhorRE S ARG Prci ey or
20 t hi ck nes Thé snvebiedh GabE |a§[5heﬁhﬁ1 CMbS irhMhid ap@h&@ibﬁtafe@@ hke
depth of visible light, a certain anpunt of lig

W@hcamg ARG mobilcoRligRe cihEas mewbélgﬂﬂmstamﬁ.@d ﬂsgh 1(d1g1ta1

stiif¥niReisy ef | ected by a netallization pattern 13, which
functions as reflector. To this end a speci al
netallization pattern is designed in the CMOS
netallization traject.
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The netallization pattern 13 is adapted to function as
reflector to re-direct light to the Iight sensitive
woizp@El122@gi ons 5. In order to reduce | osses, tReTAB1085/051560
| ayer facing the light sensitive regions reflects the
i ght being not absorbed in tﬂg sem conduct or | ayer
and re directs the light tot Iight sensitive pixe
cragiens. The efficiency of the sensor can be increased
by using a nultilevel netallization in which the netal
| ayers function as reflectors. Fig. 30 shows two
sensor pixels optimsed for two different wavel engt hs
by choosing a different layer of netal. The invention
can be applied in CMOS i nmagi ng application areas, like
webcans and nobil e phone caneras, PDAs (persona
1.digi tal Re#cARMS)eMHn PPk Sed bAlluskdatdd image sensor (1),
canmeras). CLAIMS: 1. Method of manufacturing a
copypuiking thgestepg 45 i | | umi nat ed i mage sensor (1),

conpri sSi ] .St L1 Sk i '

" havi ng agggégSn%@ﬁﬁ%ﬁﬁ&ghéé@%%%ﬁggﬁﬁéﬁ? §§@§&%§%§%ﬁing

- li ght sepividingdighi seabitive gixelnsgiphs (5¢ xxtembtingigpta the evafendrom the

fmafgf fromthe first surface (3), securing the wafer

T a‘§(ES}’otective substrate (7) such that the first

- surface {Rhrifi@mewaldt@nr0ireetiiveaubithed (7akih (HRX the first surface (3)
characterized in that the wafer conprises a substrate

faqeg fhegprotgctiviersybstiger@hi al with an optical transparant

- layer (93nARthrBed AVBA: 1 w%ﬂcﬁﬁk{?ﬁh‘&é QibsHRL B3)ioRh fikst Material with

wherein the substrate (8) is selectively renoved from
antoptical fgesparantligyer ¢9) andrilexsn dfisnuveondaeter maferity 1 Rswhepebe
[.cal ..t t I . ey
sufeleD 1S ENERRL AR ety T L R B A B frpieit by wsing
thd bygticelptansperartt tegas(@arastopdiayleyer(9) is a buried oxi de '
| ayer of an SO wafer. 3. Method as clained in claim
2, characterized in that an additional sem conductor

2. layer (18Jettod 26 piatraed ialclaym Q[ chaactmizbdi thatyies opfcal transparant

- sem.conductor material, | ich the total thickness
lam(2>H%ag*geﬁdéa#§3aeapf%§éfwxfgf-| ess than 5 microns. 4.
Met hod as clainmed in clainms 1 or 2, characterized in

. that a color filter (12) is. provided on the o&tica
3.t r anspar Methaday eleinga) in chim Rpehpeastenizedingharag afditiepadi ns

] . . ) T ; : | dod:
st e O R B Ao Ry oiboliet iR
whielf the taaltthicknoss of the samieonductor layer is less than 5 microns.

4. Method as claimed in claims 1 or 2, characterized in that a color filter (12) is

provided on the optical transparant layer (9).

5. Method as claimed in claims 1-3, in which a metallization pattern (13) is
provided on the first side (6) of the wafer before securing the wafer onto a protective
substrate, characterized in that the metallization pattern is designed such that light entering
from the back-side (14) is reflected by the metallization pattern into the light sensitive pixel
regions (5).
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substrate, characterized in that the netallization

pattern is designed such that |ight entering fromthe
woacisizede (14) is reflected by the netallizat POWIB2005/051560

pattern into the |ight sensitive pixel regions (5).6.

Met hod as clainmed in claimb5, %haracterlzed in that

the nmetallization pattern (13) is amnmltilevel

g.met al | i Zatdiyd asichibd fhrblattﬁej RRhAdterdRY § ﬁtat(tﬂié)nefaﬂ%%&g&ttem

as reflectors such that fferent colors are absor
(181 1s ginprlidlewsl matalligation.dny §viht0ih\ﬂee picteblevele ¢iSo fimetis as rpflectors such

thQ{%ﬁ} ?nt%lo?é ab Qﬁs%rﬂeﬂ a‘t:!z ?fgggx:tt lgrgr};f seﬂsn Xé’g;'m%y]re H)ns 1(5|)'r st

|zat|on pattern rovi
S|de (6) of the waf er before securing the wafer onto a

protecti bstrat e aracteri z an Q

7050y s, FERIR e e MRE RS e Pl i pRBR i

prpeitiédesnnthé sy siﬁ@ (6)Im|ﬂten@afafbeﬁt)fé @dfoﬁﬂhg ﬂJe@&‘dférl o a protec‘uve
Eonnectlon N% od as clainmed in

. Wéteaetaé?qtez@ad it pRopgRing (303 £ Ensd fa@ﬂ dhcteelveids oo or

m&afikdtRnHaAsn (Fb)iod tﬁa]fn‘?%’ ﬁ&térﬂﬁ'e%ﬂcgﬁcoﬂﬁ&rﬁoﬁg (50). 9.

Met hod as clainmed in clains 2, characterized in

that the netallization pattern (13) i ncl udes bond pad
extensio e ' icu . .

S orof oot | ool 3 ot 3B DEE BRA i Bl conductive

stidaoy @rwitealwind @5 buefdrmpd wisidh thehmehiopdsPad ext ensions is
electrically insulated froma second part (18) of the
sem conductor |ayer having the |light sensitive pixe

9.r egi ons. MethodMetlatitkdas cliiraé M8, dhabeiire id tlﬁiE thé metallization
i sol atj on hetween the first part

h t. t hat
Paﬁﬁ;@ﬁﬁgﬁt@ g%ﬁwﬁﬁ&&wfmt (18) ingyhigh, seandpperpprilietlagprojection, a
firktPUR(17) 6f the kdMRdoMiciof I%S)é‘rrhalv %lo@éﬂleﬁﬁwﬁﬂ@l}: bBﬁH fi’é&ﬂ&tén&%ns is

entire sem conductor | ayer. as claimed
elegirigpis inpulaied fomepgpend Eﬁﬂi @8ofi the semigondnesor leperdeviog the light
seldgt %&1¥ &kl st part and the second part of the

sent tor layer is formed by junction isolation

(20) 12 Met hod as clainmed in clains 9, characterized

|n t hat nduct.or, | ayer. i
O enoved %@ﬁmd 2 Slam%@ uf % f%r Fﬁ]?rﬁ%eré@ﬁél? [h‘a* ’IS%IIG{‘OH between the
ﬁrs(t 13211 ( 17.)3nd %tgb@ﬁid @ﬁrt ¢l @ﬁﬂﬂffé seicohdicts l}ﬁleﬂfﬁ fdrned by trench :
in that the fir part of the
lsog% Zf?h veH the SYLF S?@lc?@%@égyﬁrﬂ er the manufacture
of a mcrolens. 14. |Inmage sensor, conprising a

sem conducting |ayer (10) having a first (3) and a
llsecond (M)fth% p§ glaimedtimeladpsyd eich @haraeierized yiethatctherjselatipm jetween

the ﬁrgtl'ﬁart%%aﬁiet éet\’(ﬁtdr ﬁ' % stm Lcoﬁ Ic‘?&%ﬁgis%ﬁnetdrbgr))unctlﬁn isolation

sem conduct or rontt rst 'surface (

(2@econd surface of the sem conductor |ayer having an
optical transparant |ayer (9) through which |ight
enters through the sem conductor layer in the |ight

12sensi t i ethbd ed claiggid dmelainissg chiraGérizd if derhefirst pat of the

semiconductor layer is removed after the manufacture of the color filter (12).

13. Method as claimed in claims 9 or 11, characterized in that the first part of the

semiconductor layer is removed after the manufacture of a microlens.

14. Image sensor, comprising a semiconducting layer (10) having a first (3) and a

second (4) surface, the semiconductor layer comprising light sensitive regions (5) extending
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sem conducting | ayer facing a protective substrate

(7), characterized in that there is a color filter in
wdizoee2went act with the optical transparant | 2gEaB2025051560

| mage sensor as clainmed in claim 14, characterized in

that part of the |ight being Egt absorbed in the

sem conductor layer is re-directed into the |ight

int8 @i&séeinhébﬁdlﬁﬁt()ﬁQLyeﬁ“ @9rOAs fRY surglch %;t 1h@BeBhd Surface of the
netal lization pattern (13). 16. I'mage sensor as

sermcamh@@r layerhaying apsptiet] Avenereant lager Ohthrugh vehich light enters
%hatlhé Eéﬁuggfgct??fa &' tﬁesl g"ﬁt Egﬁg ?1'\/%: ??é{ﬁit reglghéltﬂe' 3t S gfgce of the

tern an ent co ors o ref
semlcancthcﬁilglagmfaMEg/e betative hibsmae éﬂ) thaveatedigedhinfthat theand is a color

light sensitiv I mege sensor as

riet e PRt it i pPhceh EPBRER 05 | 1 hac
netallization pattern (13) provided on the flrst
surface of the sem conductor |ayer (10)
connect e‘fﬁnagf: onsAr %ﬁiﬂ’r‘?’ﬁ%m(‘%@ﬁn Yo FlosiRpterizad that”

paﬁ emhe qagﬂz%s@rndt absBFbell 1D ihe 38 chAGIcRI MyREsiry. @ué@e/@lhto(tzé light

ing an external electrical connection.
serlsﬁﬁ{g oixgbregions by refleationeef 3 metelligdtion priters ibDact er | z ed in
that an el ectrical conductive stud or a wire bond (51)
is fornmed inside the opening (50).
16. Image sensor as claimed in claim 15, characterized in that the metallization

pattern is a multilevel metallization pattern and different colors of light are reflected via

different levels of the metal towards different light sensitive pixel regions.

17. Image sensor as claimed in claim 14, characterized in that a metallization
pattern (13) provided on the first surface (3) of the semiconductor layer (10) is connected via
an opening (50) through the semiconductor layer (10) and the protective layer (7), for making

an external electrical connection.

18- Image sensor as claimed in claim 17, characterized in that an electrical

conductive stud or a wire bond (51) is formed inside the opening (50).



