~e3eefFe \f ; L3 frman 3-1 H GH DENSITY | NTER- DI E | NTERCONNECT
STRUCTU m THE | NVENTI ON The present invention is di ed to an
i nterconnect_structure for sem conductor die and, nore speciﬂmﬂamwmwwmm

i nvention refBts to an interconnect structure for die where S
on at | east one die are separately and independently 10 operabl €laysg

cl osely spac%g. BA! ?RCUND OF THE I NVENTI ON Various types of imagers or

i mge sensors-R%ti'use today, including chargecoupl ed device (CCD) image
sensors and conpl enmentary netal - oxi de sem conductor 15 (CMOS) i mage
sensors. These seni cdHddd?BNSHAS BITERHYE BEFERCQNAEE TW ORICTASRE i n many

i mage i nput devices because they can be nmass produced using advanced
finepatt®rning |ithographic techniques. Applications include digital

caneras, co I I docunent capture, visual conmunications,
and facsim %Bﬁﬁmﬂ%e sensor utilizes an array of photo
sensors to form chaggepRagketsedQoP" AP Aifdcpal ot Ant RitefBafdY edirhdt@iRt for

intensity. These photo sensors are typically photo transistors or photo
di odes | ocat exstrmoepndhetor gy end emsrer spearficaldy. thEavhentioargktgsamk et igtercstnactit es

a pixel of the conpoesite [mage. .The im ata,s read oyt fromthe
B Py by shi FEREOTT ARG wheTRas e ol BEERUOLS Fisght taverateiand FUsPAERY o
to the pgri phifeyabldai Rbse®y spa¥edi xel manner. To begin the readout process,

the charges on 25 the first row are transferred to a readout register and
fromthere the signals are input to an anplifier and in nost applications
to an anal og-4 Q~¢i Qi ?JIIIf Vﬁgﬁ row has been read, its charges on
t he readout réefgpg%b ow @?e e?fgygdagﬁé e next row then enters the readout
register and all tVgridewypaadigagary er Haage sefsdors ¢.in ke tddh§, inelydingahhrgeOW i S
read, one row at_a tinme. Because all the pixels in a row of pixels are read
30 si nul t aneciwypled derise AL dmage sapsorsand gpmalementary gietdlweridg sgrmgqnguctor

addr essabl e. : t c i '

rrays e ndCNapy ke &Sy ARG EG AR BRA AR RSO B0l o
possi bl e i n GYamnyriinage dipatddeiitss betRise Hegeen bamassppphedriingl adsgsed|fine-
processing circuitry required for the CCD 1., . ipage_.sensors (e.qg., henory
For storing iR¥EMiRg e Sraphist ghniguesh e ABRIHPYS I%luﬁémléﬂllﬁmﬁf%vi‘:%@tﬁh one
or noreé Separp%h%h&‘ﬂls%r dénfenf S‘a%‘tllrE  viSDE cSUBUBIMERR! ar e sHnfi8 n¥cBines.
increased. It is also known that CCD I mage sensors require a | arge power
consunpti on and hi 4K&rD apegeasensny widizessayesTayad photopanssds i fohmebangepackatal
CMOS 5 signal_ processing circuitry, CMOS i e sensors typically utilize an
an-ay of0 act iNBPRTRE P e eebe HEat rsi -y GRS PRy rSEer a5 DAoL § o
saiiipie and tlsthr oNBha tdidtes Wcateddn the@magé Sensor suffaBé X Bhcl BRGLe PRIASOT S.
The principle of a S5 pixel's operation i s based on the nodul ation of a
reverse bi asewngiifujesaaiid ! dpmeinoanic anqgst Thedinegredait tyreak anplren theieCD to
i mpinging light. Photons r [ e ion regi-on of . e
bi ased j unct ?achtr? J ggngélattng’ Q]b%ééta?%ﬁg ﬁ%laltég%ppaa:gg‘gs%L tef{%? ﬂ(}ﬁ gnrgraggytlhggro %3%’?@%

bi ased capacigesiphery ihar pieel-pypiei masnaolTebdgimiticerepdul @hscesy) dha tigar ay &

sensitive to |ight, but Iarger junctions al so reduce the resolution of a
sensor decaudie %&é@w BTedEIns s tha r(iﬂdggteragléy.;r and from there the signals are mput to

an amplifier and in most applications to an analog-to-digital converter. Once a row

has been read, its charges on the readout register row are deleted. The next row then
enters the readout register and all the rows above move down one row. In this way,
each row is read, one row at a time. Because all the pixels in a row of pixels are read
30 simultaneously. the pixels of the CCD array are not individually addressable.
Due to voltage, capacitance and process constraints, CCD arrays are not well
suited to integration at the high levels of integration possible in CMOS integrated

circutts. Hence, any supplemental signal processing circuitry required for the CCD



the avail able surface area. to CMOS i mage sensors have several advantages
over CCD i mage sensors. CMOS i nmage sensors are fornmed with the sane CMOS
process technol ogy used for the associated circuitry required to operate
the CMOS i nage sensor and therefore the sensors and support circuitry are
easily integratable into a singl e chi p. Si ngl e chip integration eases
mnlaturlzatlon Iovver manuf act cos and hoosts reliahilit fo
Usi ng CVOS i tRig&e §‘3’ﬁ89§ =”|“?e”i’%ry W@Bf aigd [ hSISFRYOF 1S|gﬁ‘¥eé©l Yat ed
circuit provighnded'eh oBlofr hHR s%ﬁm&r cmgé aslswr&eﬁtﬂhelsyheﬂl GosP AR 5i2BaRY

i mage processing, and signal-processing circuitry. ThuS the CMOS inmage
sensors can bacragasdf adt us edsatknpwwethat dS€D nmhge |Sm60tsor®§mel Aapeges enweor s,

usi ng conventi onal ot rate CII’ |t fabri cat |don rocesses t he
VB i mge seROuPetie Beft SPefiind Voildsts, B G i SOEVERaT Y

| ess pover, alidmanbrobedsite igitgMm i nt o which the sensors are incorporated to
operate |onger on batteries, which is a mjor advantage for hand-held

i magi ng products. GRS myage@anwrcmadlmlélzg@nmawoi aglg\eepig i bingage\sensoss | d
of x-y lines,_instead egi.ster, process, oL char, gmg, of
coupl ed devi ¢88 2 LPP?’eochﬁguSﬁ?{ Oa{r“fﬂgnf’lbm é”d?fr“éps BT PP 0% £URE CERS" ThS

sensor, Wwhi Chyited igfdgéisthdond. MhetgtncgRevent CMES$ ;JB&MF afiauh 19%@@185:; txaellows
wi ndowi ng of the |nage CMOS i mage sensars require only a sinjle power

supply to drinyedubion aftfereiverag lasechpi) ungHan cHRCHas dPhe divdei for giample) fye
contrasg i rs thr

vol tagzlsO. /%:S[t)% ES rfgﬁa%g s%%%%&ss?dsg}hshggggég%l tflo He %kgji Igl\?gesé\}% 'Ito fa;“géfa&it due
to fabricati gungibacgasiarg elettpai- helet;imsthat@Margm@e sedarsobmsad ea@cﬁmclenown

to exhibit inconsistent dark | evels, but the associ ated
processing ciAEERTLIFGCORS GolSElMOFR PRAIPRS 128G e FRgie és%nmhpﬁhgwt J¥8Eor
and provide 3&@9&9@1&3% '(:Q'Ehefr@&;lﬁ)trorpblfd séecslsa ﬂberg{/g%@émw plhslaCs on
so that a un ?orm dar is ac |evab across t I mage sensor
away. Howeverthe ﬂdﬂﬁalnmxj&cme&sors are not WlthOUt di sadvant ages. The use of

state-of_  the-art C&Lg%inte rated ci'lrcuit f GJﬁcatlon tec (g ques for the
associ at%ed si gnal Ce J8RFh STSPEUNEYEy Sevg AN Y g e s BR&ST KRS

conpromi se t kg i §tsérkk%'¥§ £ feifmsmumsmé)w@@gﬁ%s% tet RSBV ude@dbiCi Ng
the inmage signal quali - For exanpl e éplca strate and source/drain
dopi ng | evel $hg @ﬁsom@qed@gm@ry ra@p@d tp Wpsraithide £NIQS 1@@3@: s@sorem thgrefqrpéhe
surface is Iomer t ha do Y s onv |y
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opti mal i mageéntsgaEem emlmmmturaaduﬁl llag/ei‘shmadlﬁmm@ng emd Sintl boastsirelabilits.
better sensor sen5|t|V|t dynam ¢ range, or col or bal ance, woul d

si gni fi%%ant | Vst AHaS tlﬁ’ég?)é?ﬁséfsmtn@d’%ﬁlb{%@ @mﬁsapm%@ggwgt%rq%ww
Ther ef ore, hi r , o] and
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practical . Fuignheprocéssinghositsy.t Tas drcsCM@ enageaeﬁ}dEScamhgmmafe&Mechad its

signal 20 processing circuitr re co-located on the sane i rate

circuit, the?%l‘&rof:‘?s t EPtie rteu%épz) SBRSE AESEISp YFRR SN oRal g&iﬁgg \§) egrafﬁdxel
area, resul tichg it RadaAbAPro@ekal hihiR W8S aRMhet SINCHIGpLAR LRAGWE | |
factor (the ratio of the active pixel area to the“total pi er area). The

ef fici &icy, mopemling ivoitagndngetrsiswingi 116§S pbweh ealloMDR |thmgyzstsmnmm watm layhd s in

turn di sadvant ageously reduc Al so, certai mat eri al .
SENSOrs are 1 corporateg(éo operate longer on %attenes Wh 1S a major a van 30(3%019

hand-held imaging products. Finally, each CMOS image sensor is accessible over a
grid of x-y lines, instead of using the shift register process of charged coupled
devices. The column and row addressability of the CMOS image sensor, which is
30 similar to the conventional RAM readout process, allows windowing of the image.
CMOS image sensors require only a single power supply to drive both the image

sensor and the associated circuitry. By contrast, CCD image sensors typically require
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?5 salicide layers) may be partially or conpletely opaque, reducing the

i mage sensor sensitivity. In an effort to overcone the disadvant ages
created when using state-of the-art CMOS process technol ogy in conjunction
with CMOS i mage sensors, certain nodifed CMOS processes have been created
t hat renove processing steps or alter device physical characteristics to

i nprove the image sensor signal quality. Al though 30 renoval of these
process st epshieaphiderest inpuigwlisgsss ohlsej GORN inmpgalsensors tdok a@dDSsteachnbllogy i s

general ly conprom sed, Ln sumrary, it can be said that state-of the-art
V0 | e SERUBRE Bl LDrR Paetp gy TPSHEC s AUILS IS RITo A LR
current stat t NS ; - HadMMVA 1 I o)
over come theq{él?ggdteg)r(lt ages&glig%%ﬁzgdgg I%})S\’/}e) rel atgél%\ggﬁdod‘ﬁhdeé\%{geﬁgg\%%sﬁ)ﬂs-’

i mage sensor si@ndryasao¢iagk gble GBS lopdriat isach CVMEOE imyge tsbrsopraadeptovide a

i nventi provi des an i.nterconnect .system between.a first integrat

v oui ¢ ot FuconPewon S SRR v P pr g Bofuh ® fabs pelsta S dvet o
and a second jCMPRevaBle RidigEhd OVEW iMBH séAsoe birhy.t ype, for exanple, Bi CMIX5)

integrated circuit structure having signal 10 processing circuitry
operative in conjJtewéven GMOS imese spases sehsor withowtt disadventeggrar Abe ase of t he

i mage sensor Strueture he . operative. signal. processing.circuitr he

i mage sensor ° att?“ag'%lﬁfaéf mogemfe%%%acfr&ﬁ“ v&a&ﬂcaﬁo ctgglérflﬂ‘best @5 htﬁ?F qatfé%é@tﬁ%t_
are speci fi calidnal Qridesdizedirb@itry! hed ItHRAMOBN 8B sHbr mlé!&ﬂ?_&oﬂs@q&@& ng
circuitry can also be fabricated wi th uni quelg/ optimal fabrication

t echni qligs arf@nsteugtien of shecGMQAT pheto sensoss, tredby mdacimgrihe imags sigedh welyr i ses
el ectrol ess nj a - r | ] - '

i nt er connect rﬂsf)t? ir% 8(% ﬁireétst}?pqceés?%ggﬁﬁ?ltﬁsgﬁf:gﬁgp%??‘%%%@ é:l g‘(’)erll%\g%rt reslt?t% %? Sfro %4 The
bunps are pravbdederenhé depingage] setrosurfite iclowee thay therdopinporneichdltg thach

i mage sensor or_pixel element with gl;ts associ ated sjgnal processjn

circuitry | ocHfaee) sanerdipaliapeedsiny GMQR BrocRsses de Mighes Hﬁ@ﬁb@ﬁﬁ@@gqgﬁls
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connection to eac he pi x of t or structure.
Af ter fHbri cdtettamnseo$ortshmsitivity, dymkmic daregde, st calot halase, Whddisignificantdp degrade

structure is ponded to the. sig rocessing.structyre of .th ting
i et er conrib PEEPFIRICE B the AL A PH P oS ok B h TG s PIRbep e o
invention, themt3geMiin@ERAbAL L] TRIR RBIGOan@MeHti9PR]enBl PoReRIHYIciARIt

iy
structures allows the functi onal char acteristics and processing net hod)(,)I ogy
of each strucnuhesane guplope iherdett ey prasticdf t he nost favorabl e fabrication

processi ng steps d.device characteristics. DESCRI PTI ON OF THE
DA NGS 30" Tho. pralii P et SBRRREL W€ e, CRACT) ok qiebat oBld na e
furt her2tadvaniregesans canditysee theiceell e saadihygappaceat, whessociated
considered in view of the de_scrifoti on of the preferred enbodi nents and the
fol | owi ng F GificB4S sanswie aportionmidghe avajlaple pips! pesperesyiting i & Margegeerall

g __ Pl | fringe
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sensor circuigixefardd)gulie 2ffickenEy gusautdon and semsisatys ef theoOMOY iimagokerfsor st

and second integrated circuit structures interconnected according t? t he
t eachi ngs of ¥R IpIUBHIISIGYIRIABIVRLY AARFCR dilF c5THIRI (M ESaPEridaYHy (¢ &gi ons

for_theLMX J,mge 1@%&%%&5&3&5@1?%5%&&%%19@% dBBRE EREEHR a B BCILMENT S

10 The processing st'eps and h e conponents o e présent | nvention
have - been rsepigggnt bdabyfiowny emticomalthpdisadssageandatet evtent wingstateent-

drawi ngs, show n t hose specific details that ertinent to fhe

or esent | nvertr o QOSPTGRS tERBnEn TR R P B MO e P s

will be readify;aapangos I_gfgcefsglééslﬁx@‘gekﬂ eftaled &B@rea{&velmééagn%@%pe%ﬂeaﬁk; of
t he description herein. enpl ary device layers are not 15 shown to scale.

Li ke ref er enclevich phasita roharaelsrisisesrio inpkeedhe iroagersessazlsegnehysalitive ddipoogit .
30 removal of these process steps improves image sensor signal quality, the CMOS

technology is generally compromised. In summary, it can be said that state-of-the-art



Bul k sem conductor materials can be used as photo conductors (also referred
to as photo sensors or imge sensors) based on the change in the

sem conductor resistance as a function of the wavel ength and intensity of
the inpinging |light waves. 20 El ectrons in bound states in the val ence band
(for intrinsic sem conductor naterial) or in doping-determ ned energy

| evel s within the forbidden band %ﬁor extrinsic sem conductor

material s) asdPs Wg&,@nmmmeﬁ@ng rieshaelegy I1agshty pivsrabrasnemiony beexornted
into free staf es n band. The electrons remain in the
excited statéz$ ?%%Ekﬂ§P§§¥e%%%%§in|fet|ne The conduction of electrical
current takes place as a 25 result of novenent of the electrons mthe
conduction band or novenent of the positive holes fornmed in the val ence

band. The reSiBYARRBYJPE T BEENSHMNct or material is thus inversely
PR nate ' (i, birtEhO el AsIla b B SRl SO R 80BN fecl rRANOR! o

Into a change Int e curren evice ou Cl'rcuit.

In lieu of siimpge seasore amduadsociated| Kl\m@)tapemmswlﬁcmt@hotm pﬁ@érmmjvbmﬁinl on
30 devices can he used to inprove the speed, of. response and the sensitivity
of the detectPsviges @pmt%@nr&eafdﬁyat%hwsmﬁ firfiointegratghaircwiesiucae #a¥ngded to

respond to p A r t

conventi onal ti!’?&er\gllgtty 263%8‘ g eﬁﬂo@&%@?eﬁé&%ﬁg@d&?@% gl(gmgfﬁiorgﬁ?ﬁgte epﬁdeti on
region drift caealy fypamibthexaeplestBiOMOBpiintegdted toctihetebwed rHagingi elgdal

el ectroreﬁ_ are therefore collected in the n reg{ﬂtﬁn and holes in

the p
r egi on.L0Thes @1REEFTINS CECRIGYnPRPHATY I COHURSHMe tRE 151285 58978y Eﬁhr ther s
generated therimliky, Wth@'lrﬂa dhfSushefrd SPGB o érafl{;@m?&ﬁ? %s&ﬁ' chbApl tion

region 5 diffuse to the d et1on region andaeswep her si’de by
the el ectri c the ehndge Lsénsphetrpaztnmt Fam be Sfabdieaeduwith opratessing uﬂchmquteedthbtyare

phot ons havin t han the sem cp nductor material ban

Phen t nese. erdes Reaibrutimgaf Pl Th SO0 epfat e aRT HenEProbRemsa TeapPer®
This is the Rasi GePrividaRde vath WHiGRIR &M Sebbicased tdiipsfiedehet gvideght .
Al though el ectron-hole pairs are also generated outside the depletion 10

regi on,15t hey cleraefgristiass uThe mrﬁr@:qmﬁ@tmystﬁnbwmm@ﬁ% ﬁbﬁpilr?lessammlmﬁﬁgémﬁé,nsor
Lo which Lhe Leachl.ade S, BT ESEM dENRR CHeRF SRR B A8 Ay

i nt egrated CIFCUI at neasures InCI eCtlng a” vo

change produggercbyndt BHroétores e nier burﬁﬁsemfprcahéan aheph@ztge @ﬁﬁtﬁ'oeﬁrulcﬁmf: f@ar ged
to a pre-determ ned voltage and then |ntegrates t he inci.dent t he
result of 15 HRICEANGCENg ?ﬂcbh@f*a&?oﬁné@’e OhciiBels kRN evitlt dts ?W@C\? té‘@éalval ue

of the photo g?&@%‘?ﬁ | Grchfign 15&?&1 %'rlt ﬁgéfepgrafee% é{fxrec' rl@I‘zlLﬁ% d’i’@efn?érﬁ&géts

vol tage value 1s representative I nci dent ure 1 1llustrates
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also referred to as pixel circuits or pixel elenents. 0\%5 I mage sensor
array 100 i s stuettredtyl waly bfjthe mating deciotieeonned shmeiurss. Accordmv to the teachings

of the present invention, the use of separate image sensor and signal processing
25 structures allows the functional characteristics and processing methodology of each
structure to be optimized by use of the most favorable fabrication processing steps

and device characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
30 The present invention can be more easily understood and the further
advantageous and uses thereof more readily apparent, when considered in view of the

description of the preferred embodiments and the following figures in which:
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col umm decoder |20, which are individually activated to select a specific
CMOS " ~5 imge sensor circuit for activation. The output of the activated
CIVICS i mage sensor circuit is carried down a colum output line 164 to a
sense and hold circuit 130. The sense and hold circuit 130 senses the

vol tage val ue of the activated CMOS i nage sensor circuit. Finally, the
sensed voltage value is .converted t igital value by an analog to
digital converter ﬁ&‘ﬁ?ﬁ?ﬁ@tfﬁ‘{ﬁsﬁdi’plgﬁéﬂ\égsﬂfr@&? fHSOHEYog to digital
converter 30 140 igegediiBhdiBkesSiggidahn OROSSHALALL he light intensity.
A CMOS i mage sensorgarera{y, sueghxgig’ tﬁe array F%%),n\é?rs&fsciuﬁi lar to a dynam c
random access nendiigurardy aya gmedpte showing thet @mdativhal pitises dfiele GBIAS ymagd | s
that are set and. Iat?e]{ .read out, a CMOS i mage sensor array has individual
CMOS i mage s SREGF SRS Figure at are set to an initial voltage value and
then sensed af ter wxposyre 4 QrdsBsidiBnil Liedhlor 4 LHET HRERI anEMRRai BRIG
sensor array differs froma dynam c random access array in t hat anal og

val ues axe stunedregiinthicnnetdd aOMDSingiathe tsahsgs of tlenmtetehemventant; iand zed by

conversion in the _anal t i gital converter ~.Figure 2 illustrates an
xonpi ary QDS | et Sy uisTafes dp R regonoh e o el st tai ot o 230,
a photo sensor 220, a source follower transistor 240 and a row sel ect

transistor 2S0. Also illustrated in Figure 2 is an exenplary output circuit

for processi REICRIPIIOPHUOF JHFHBREBERREP RWBODIMENTSense circuit 161. In

particular, the 1Q.qutput .circuit rises _a cun-e source.tranpsi stor 280
and a gﬁsor ci rcuit %8@?51%56%@?%@‘6?%?@8%&? 88&116 Téiengbrgreﬁ{}%%ﬁ?vﬁ
three differesén pipasested S&nventitheUpdteéses antlclefrERUh . thd ieaviRgs, ahb @i
phases of the i mge_sense circuit |61 are described beloww th

ref erence t oOmlygthose speaific drtatls dhat A% PERegate theoprieagis iafentine seoth et to

fol |l oner transgi j .00 : i I; it 15
o1, 1 ti ol Pyroigtihe st Bt SEEL0RaPbe KR PRI EIRRCE I B |
220 i s char ged, hdviregy ther batefis f bhadedriptign hixein/ olBxagglasp Weere pyers tafe Aotr eset
vol tage | evel via the reset .transistor 230 The actual voltage at the
cat hodé -5t er mFpRW¥™ dP @??ée-phﬁfyelﬁ SeiREFe Pwracters pppresapf Tlike vatr@fs@r@w,#emey% he
vol tage dropugaghgsesthe reset transistor 230. This 20 charge voltage |evel
is referred to as the "reference bl ack” voltage |level (V,~). Next, during
an integration phdkék S80icoriugtor enByridihearpbotisedsasmio 20Buckre qosederted

i nci dent I|ight th%t is to be neasured. Ag di,scu se%‘ above, ghotonsdsc:ﬁri ki ng
the depl eti off PEFIP SFSPHeOTLITRS SBHIY) 0355 ong agge im dhe sermicopdygir
reverse curr effstddceWws Aduk@ioh gk evdl@igh Bl infdnsiti 6f SRURRE iR ligNEiavd0.
The voltage of the remaining 25 charge on the photo sensor 2 s

pr opor Z0onal Elestropeimaune stadds ip st wiance hard €for inkénsiheemy pendycios mrasiriadpg.
Thus, during.t

Thus, 4! 1 g S BSAcDRS 280, e BRI 6 oy

reference level I's r

cat hode t er msgmiconductdtematepials) SBROr end?d) Rt oge hesddnnaidhe gitbtors fWere
supply voltage, in this case ground. A black |evel occurs when no photons
are integrat S&citedple emstatendn 415 gmeueiiebangr Ths glagrons Jemain i3 thg ex@fedi ns

at the origigale £, eheAGERRAHKIMKE! TRICoAREEIn TF elichiBaTutRR t'akt%"'p-ﬂ\ée as a

25 result of movement of the electrons in the conduction band or movement of the
positive holes formed in the valence band. The resistance of the semiconductor
material is thus inversely proportional to the illumination and this resistance change is
translated into a change in the current that flows through the device output circuit.

In lieu of simple semiconductor bulk photo sensors, photo sensor junction

30 devices can be used to improve the speed of response and the sensitivity of the
detector to optical radiation. Such two-terminal devices designed to respond to

photon absorption are referred to as photodiodes. In a conventional reverse-biased

?



Final'ly, during a readout phase 350 (see Figure 3) the row sel ect
transistor 250 is activated such that the gate voltage of the source
foll ower transistor 240 is nmeasured by the sensor circuit 290. In one
enbodi nent, neasurenent of the photo sensor voltage is perfornmed using a
correl ated doubl e sanpling circuit. First, the 5 integrated photo sensor

vol tage sign S Sam e senso circ it 161 is.reset
and the T eserliofs 3 Saartitgts GORsk TR Eaa 3Rh e alhe JepBitihe
desired si gnaiegxbﬂmu@&@ Mhé BlEciriRefdIMCieReRéng ir8MherbBrd HR1edichliBBNE QO WREN

the integrated photo sensor voltage and the photo sensor reset voltage.
Accor di ng t o hotes mébsthirm;@n o-’ffhftsn@amee%f@wm theieyatse gnrrentt Also, anuuan@agm to

10 separate t 20 f Ci,rcui.t

LPanebarare el PaRBAR, il o AREHERGeddh A he SHEE Y b r8 Rt Fegih
way, thes fabrdifadd ©nhe HOFIEESE fegl RO £6l sk EptAPtHBEE HMEDLE hAraedes fisti a5 of
t he photo sensor 220 can be enpl oyed during the fabrication of the photo

sensor array.theiyactign iy ; alS@ hléllﬁDEt)b’ idaminaedb o pbeiges havang ian edengy BEHerHhate t he
f t it t t
Funct onal .l 14 AL 08 10, STV S0 £ B 1

present invenhé @averﬁl tprredti pThfstﬁrmerbaeletprimmmiyowhmﬁnmlrwsdmseusdao@a‘
bead-li ke termnals forned on one surface of a _chip nmonol it hic

sem conduct ordeiEsts Bghty cAlRriehy Hlectranrhple paiss gxs aelfrfbgmat@i etsidsihe dgpighiore,
such as C|rg%bﬁtp§?&gn E%&nPﬁﬁﬂmkhkﬂb&er”‘”a's 20 also referred to as
y

bunps, Serve Rt ca secure the flip chip to the circuit board
and electrically I@émrﬂM%ﬂMOBem’ﬁdgepseﬂkmp teiwiteh ttiey téaohinge ofi the iresehoar d
conductor pattern. Turnlng to Figure, e.i s . shown a cross-sec igq@gf a

CMOS i mage seR&SHI08r53Ry b8 PPPRe iR ga“amﬁﬁgﬁ‘?t%[ icrguip thal mersugss neidantn g
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372 interconnect CIrCUItry on | mage sensor array to S|gna
processi ng cichauged $o @praadetammgd uolege ehd th@ntm@gmtes Ithee mn@eetrﬂghdl therasult ehe

i ntegrated circ t 374, i ncl es circuifry enmployjn ch

| nci dera11t5el i gﬁ”fh’?l% S RSP YP EC PO (% flﬁ‘agz’ éh@%r % %{/t% Otg gsogusrface
380 thereof. théh RAG cNBOGI RBMut clrbEt, Gma&mrmge/oﬁ@ghcsmu@rsrx@yresmdmdeﬁmehe 30
photo sensor diode 220 illustrated in Figure 2, t | ocation of which is

shown gener alifgidés light-er ence character 382. The remmining Figure 2

component s (and Otfigr, cj &gl bcel, SR 58P SR Uy Bk PRIGEL el Uil N

|ntegrated circuit
array 100. Each element in the array (such as array elements 161, 162 and 163) is an

20 individual CMOS image sensor circuit, the details of which will be discussed below in
conjunction with Figure 2. The individual CMOS image sensor circuits are also
referred to as pixel circuits or pixel elements.

The CMOS image sensor array 100 is controlled by a row decoder 110 and a

column decoder 120, which are individually activated to select a specific CMOS

(]
(]}

image sensor circuit for activation. The output of the activated CMOS image sensor
circuit is carried down a column output line 164 to a sense and hold circuit 130. The
sense and hold circuit 130 senses the voltage value of the activated CMOS image
sensor circuit. Finally, the sensed voltage value is converted to a digital value by an
analog to digital converter 140. The output signal from the analog to digital converter
30 140 is a digital signal representative of the light intensity.

A CMOS image sensor array, such as the array 100, is similar to a dynamic

random access memory array except that instead of individual memory cells that are
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Optical filters can be placed adjacent the incident surface of the CMOS

i mge sensor array 370 (that is, the surface 380) to filter out specific
wavel engt hs of |ight as determ ned by the characteristics of the filter.
For exanple, a first plurality of photo sensors 220 in the CMOS i nage
sensor array 370 can be made responsive to only red 5 |light by placenent of

a filter blockin t her ectr | ors on the surface 380. simlar
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1. The-array of bumMpCMOR ig@ige Bensewinei 16$ldpgrasee\4ﬁrtmee diffdredtginasdseclesdtques,
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material, referred to as phqtoresist. The nmask is then placed in contact
with the phof}&r‘e’é’ieé‘tonc,r%‘@?é’é thgathoto 570t e, §84E Bl ipcreasedR Jb% Exyetsg current

ul traviol et T ly i) hr h of
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then fornmed in the patterned surface 390 by electroplating 15 or

el ect r odeposiarinimyl &1 con dhetbi seesared?6t approachesothe e getxyropeweranipply. veltegehis
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sol der 3ps US@RyBSehdd® VORAES és@bntfaﬂ? reABink WIBR oridifal S8fef@ke biacRl\dREEE 1hel he
openi ngs and heated above its nelfing temperature to form sol der bunps. The

final shape of Vihe \mnmp¥mi.s dependent on the techni ques 20 used to form
them and the material of which they are conposed. Sol der bunps are
characteristically hem spherical. Bunps deposited by electroplating or

el ectrolessly are likely to have a rectangul ar cross section. After the
bunps 372 are fornmed, the mask is renovedtand a corrosion inhibitor applied
to the entire surface 390, including the bunps 372. For exanple, solder
bunps are coated with gold to inhibit corrosion. The type of bunps forned
on the surface 390 al so determ ne the techni que enployed to attach the
bunmps 372 to the substrate 374. \Wen the bunps are forned of solder, a
solder refIOM/attachnent process |s enployed to electrlcally |nterconnect
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formng the photo sensors 220. If the CMOS i mage sensor array 370 is
fabricated 10 using a silicon substrate material, then the CMOS i nage
sensor array 370 responds to those frequencies to which silicon is
transparent, i.e., wavelengths in the infrared segnent of the spectrum As
is knowmn to those skilled in the art, the band gap of the sem conduct or
material in mhich.%ge photo sensors 220 _are faqrned _determ nes the

wavel engths to whi a]_tlYlféj“_’élé‘ﬁiaéB?ﬁjd’H&PlEﬂseBﬁ_%t(%?egéﬁgéﬁ) tegovesisehigansisigidPhus
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invention has descikhed v, reference to a preferred enbodinent, it
will be underg‘?%ggyby ﬁ?ose S%H}led in the art that various changes may be

made and equi val enflipelcbipe nttercommech écchublsgy tammdys tre ubwe oflbeadtiks teimenadof
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it is 15 intepdestdbhsdttehe i nvention not be limted to the particular
enbodi nents di sclosed, but _that the jnvention will include all other
constructions, notTwringdediigurefethere is sHOWE rdefrAss-satiem of al FMES Miage tspeso cope
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devi ce conpri Si
25 CMOS image sensor array 370. The bumps 372 interconnect circuitry on the CMOS

image sensor array 370 to signal processing circuits of an integrated circuit 374. In
one embodiment, the integrated circuit 374 includes circuitry employing CMOS
technology. Incident light is received by the CMOS image sensor array 370 at a
surface 380 thereof. In one embodiment, the CMOS image sensor array includes the
30 photo sensor diode 220 illustrated in Figure 2, the location of which is shown
generally by reference character 382. The remaining Figure 2 components (and other

circuit elements as needed) are fabricated into the ntegrated circuit 374.
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a fzrst integrated circuit conprising a plurality of discretely operable
electrical elenents and a plurality of conductive interconnect elenents in
el ectrical 5 communication with one or nore of said plurality of discretely
operabl e electrical elenments; and a second integrated circuit conprising
operative circuitry and a plurality of connection pads forned on a surface

thereof and in el ectri co ni cati.on. with said plurality_ of_ canductive
i nterconnect el eneﬁ?é?a??’ét_eﬁg. anT%]If?g II?‘I&EQQEJ&PQH the In&?ie_ t %‘é@F%By e C@Y@ nRpse
wherei n the nygb@arRly 370dtRe iRl MrRReIFN 16 ARkesk hedfic YaCaBNiths bBLiSAUS
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the nunber of interconnect elenents. 3. The integrated circuit device of
cl ai m 1 wher edigienieedoby die dpracteasidsueidahe fijtent Fomexampbn ndost ghwettnosphato

| to the pitch.of .t | wral ity of jon 15 pads. 4.. Th
Phtegr ated oi Rie 280 18 GUShaia senE R T R ap R Sawaliinddl orY 181 ¢ ne
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electrical elenents of the first integrated circuit. 5. The integrated
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using a mask #§ Pyehoddhe Fegnechenss alpsariguies WeprpRidsvagividyal mxel pgsedsymaustd
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circuit to prosiedb thogroupe ngrinels combopcaepsedgivug singleynigrconnecs bempndatyet

elenments in elegtrical .co ication therewith. 10. The integrated,circuit
of “crai m 1 wiatpdieh ShodTERE B Fr et S0 Y P Senc Bhatiet ol R Bl et

el ements is adliiakigdot Bnapteschbort Rerapdedrial d tife, ¢htheOfHARGhS BXo Badensihal Bayise
of a conductive adhesive. 10 11. The integrated circuit device of claim1l
wher ei n2¢ he pllysteatsd iz Fagutgllectri cal el ements are arranged in an array. 12.
The integrated cirgu : f-6l ai i | i :
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to

over previously exposed metal or conductive regions in a semiconductor substrate. A
mask, which is a transparent silica plate bearing the bump pattern, is used to expose
the regions where the bumps are to be formed. The blank mask is coated with an
30 ultraviolet light absorbing layer, such as iron oxide, making the entire mask opaque to
ultraviolet light. A thin layer of electron beam sensitive resist material is placed on

the plate and selective portions are exposed to an electron beam; the exposed portions
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.each one in electrical communicatieon with one or nore of said plurality of
phot o sensors; and a second integrated circuit having a plurality of
connection pads formed on a surface thereof and in electrical communication
with said piuraiity of conductive 25 interconnect elenents. 15. The
integrated circuit device of claim 14 wherein the second integrated circuit
conprises operative circui.try for term ning, the operational,. paraneter of
a photo sensdlrn%?rgf)a% g}bm?l%altﬁ%’én?fenciAg%ﬁtexP?Sélm’ %hig?(pgfﬁg Hoﬁrf%r%ﬁtga TeSY A t
device of cl gefbid WheleRtiBpinBeinsaichagfaPisolien 30ThS ith bXHEGhALSS 8 theyi t
exposed to the incident |light is processed so as to maxim ze the |ight

recei ved by tshleciyaly giched, from thiagnask 98 kesesegiong where7the Bixposedtregjstaias dpeen
circuit devi ce 8%6'(1?' aim 14 wherein the first integrated circuit conprises a
seni conduct of “BubStrate of a first conductivity type and a plurality of
spaced gpart dopedsSpidpae ek fHierate@ ¢iroms, B sarfB@CYIW of Hedintok \ekhsor BYPEs
formed in a surface of the sem conductor substrate, and wherein a reverse
bi as pot ent i &Pvéred 3vitpdl weaviplst ligkt-ssapiive auaseiconatstipk refarred imes phistorgbped
regi ons so as-t.o .10 i er ween. 18, Tide

i nt egrated cisrrh(‘:eu]inf(;3 g%g%/ﬁ%% ggg%ﬂeté? rﬁ%T{agg\XﬁEehr tﬂgﬁ Hﬁ&%?eél |‘:C?Ve§?d i“rllaf%regn%tt%%l
circuit conprksaHlais exprgal SLaBOKicA¢ gght. allt whaveld [ighe shinkd tHraediothosd t he
i mge sensor array is maximzed, 10 ~ a . The integrated circuit device of
claim 14 whe®erHensipd thy masy devpidoe! Eomexide i2pe amﬁtf&sgb% rerased phofaresist.j Ehequal
in nu to: ] f; - . §; LG t
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i nt er cennect tied exyestd poaopsisseseteh ewaylubt thiewayr thaeatterxt enthie mgask oy deen
surface of the first integrate ircuit. 15 21: The integrated circuit

devi e of I AASTCdR s f?%s%éﬁn £bs TAGS e BREOTERIFle fHEd dbgveh ensat
surface of the,dlygst integrated circuit conprises a conductive bunmp. 22.

The integrated circuit of claim2l~ wherein the conductive bunps are
The bumps 372 are then formed in the patterned surface 390 by electroplating

15 or electrodepositing a conductive material into the exposed areas. In the conventional
electrodeposition technique, a quantity of metal (e.g.,, nickel) is accurately
electrodeposited at the mask opening points. If solder is used as the material for the
bumps, the solder is placed in the openings and heated above its melting temperature
to form solder bumps. The final shape of the bumps is dependent on the techniques

20 used to form them and the material of which they are composed. Solder bumps are
characteristically hemispherical. Bumps deposited by electroplating or electrolessly
are likely to have a rectangular cross section. After the bumps 372 are formed, the
mask is removed and a corrosion inhibitor applied to the entire surface 390, including

the bumps 372. For example, solder bumps are coated with gold to inhibit corrosion.

o
(o]}

The type of bumps formed on the surface 390 also determine the technique
employed to attach the bumps 372 to the substrate 374. When the bumps are formed
of solder, a solder reflow attachment process is employed to electrically interconnect
and securely bond the individual solder bumps 372 to the conductive pattern on the
substrate 374. The re-flow process involves first registering the solder bumps 372
30 with their respective mating conductive areas on the substrate 374 and re-heating or
re-flowing the solder so as to metallurgically bond and thereby electrically

interconnect the solder bumps 372 with the corresponding conductors of the substrate
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formed by formng a conductive |layer over the plurality of electrical

el ements and 20 sel ectively renoving regions of the conductive |ayer such
that the remaining regions formthe conductive bunps. 2~. The integrated
circuit of claim22 wherein the selective renoval of regions of the
conductive layer is controlled by a |ithographic process using a mask to

identify the i.ons to be remved. 25 ~. The integrated. circuit, of claim
14 vvher)e/i n eéé%‘géﬁgﬂeo[%ur{‘?l@%? At pickel, SEGCHPEEQE‘P&Ietigﬁg?pQB’lt"ed’ Fherngueisigs or s
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connection pa ormed on a surface'thereo positioning each one of
t he plural it waetlengthgdtre twhieh thet exnocomdactor ehetvesenson 2@ kespomdsc ahd thus the

communication with one, of the jty of connectjon pads. 2gq The net hod
of cl ailr%ﬁ-zs BYGHCH SEIsEIaY, t‘b&%i iSRyPof H’Ea)bémality of

According to the teachings of the present invention, the interconnect structure
illustrated in Figure 4 accommodates individual access and control over each pixel
element or photo sensor 220. As a result, optical special effects can be implemented
mn the photo sensor array 370. Also, anomalies in the fabrication process may create

20 variations among the various photo sensors 220. In particular, slight variations in
doping level can affect the output photo sensor voltage for identical incident light
energy. After fabrication, the individual photo sensors can be calibrated with known
incident light and thereafter the signal processing circuitry associated with each pixel
can be designed to compensate for variations in output voltage for identical input

incident light.

no
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Figure 5 illustrates three exemplary spaced-apart doped regions representative
of the photo sensor 220. In particular, the pn junctions comprise p-type substrate
material 400 having spaced-apart n+ regions 402 and n- regions 404 formed therein
along a surface 403. Use of the n- region affords a larger depletion region for the

30 collection of incident photons. The same structure can be fabricated with an n-type

substrate and p-type doped regions formed therein.
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conductive interconnect elenents canprises formng a conductive |ayer over
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EE-L?(I;/?L#(%O((VZ& ()- @%thﬁl)ﬁa@%‘l %) 2)/ %gﬁ/ty% HPCcScln{d]:J?tll\%(y& &}Co%ggt#]é e%%ng ) '&! eflec r?coé«FL 0)-
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elements.
3. The integrated circuit device of claim 1 wherein the pitch of the
plurality of interconnect elements is equal to the pitch of the plurality of connection
15 pads.
4. The integrated circuit device of claim 1 wherein the operative circuitry
of the second integrated circuit operates in conjunction with the plurality of electrical

elements of the first integrated circuit.

5. The integrated circuit device of claim 1 wherein the plurality of

20 interconnect elements is equal to the plurality of discretely operable electrical
elements.

0. The integrated circuit device of claim 1 wherein the plurality of

interconnect elements comprise a plurality of conductive bumps.
7. The integrated circuit device of claim 6 wherein the plurality of

conductive bumps are formed by forming a conductive layer over the plurality of

l\l
Ot

electrical elements and selectively removing regions of the conductive layer such that
the remaining regions form the conductive bumps.
8. The integrated circuit of claim 7 wherein the selective removal of
regions of the conductive layer is controlled by a lithographic process using a mask to
30 identify the regions to be removed.
5. The integrated circuit of claim 1 wherein each one of the plurality of

discretely operable electrical elements comprises operative circuitry and a conductive
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12.  The integrated circuit device of claim 1 wherein the plurality of
electrical elements are arranged in a linear pattern.

13.  The integrated circuit device of claim 1 wherein the area devoted to the

15 plurality of electrical elements on the first integrated circuit is maximized.

14.  An integrated circuit device comprising:

a first integrated circuit including a plurality of discretely operable photo
sensors, wherein an operational parameter of each of the plurality of photo sensors is
related to the light incident on said first integrated circuit, and wherein said first

20 integrated circuit further comprises a plurality of conductive interconnect elements
each one in electrical communication with one or more of said plurality of photo
sensors; and

a second integrated circuit having a plurality of connection pads formed on a

surface thereof and in electrical communication with said plurality of conductive

25 interconnect elements.
15.  The integrated circuit device of claim 14 wherein the second integrated
circuit comprises operative circuitry for determining the operational parameter of a
photo sensor related to the incident light.
16. The integrated circuit device of claim 14 wherein the surface of the
30 first integrated circuit exposed to the incident light is processed so as to maximize the

light received by the plurality of photo sensors.
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18.  The integrated circuit device of claim 14 wherein the first integrated
circuit comprises an image sensor array, and wherein the fill factor of the image
sensor array is maximized.

10 19.  The integrated circuit device of claim 14 wherein the plurality of
conductive interconnect elements is equal in number to the plurality of photo sensors.

20. The integrated circuit device of claim 14 wherein each one of the
plurality of conductive interconnect elements comprises a conductive surface
extending above a surface of the first integrated circuit.

15 21.  The integrated circuit device of claim 20 wherein the conducting
surface extending above the surface of the first integrated circuit comprises a
conductive bump.

22. The integrated circuit of claim 21‘ wherein the conductive bumps are
formed by forming a conductive layer over the plurality of electrical elements and

20 selectively removing regions of the conductive layer such that the remaining regions
form the conductive bumps.

23 The integrated circuit of claim 22 wherein the selective removal of
regions of the conductive layer is controlled by a lithographic process using a mask to
1dentify the regions to be removed.

25 24 The integrated circuit of claim 14 wherein each one of the plurality of
discretely operable photo sensors comprises operative circuitry and a conductive pad
in electrical communication with said operative circuitry, and wherein each one of
said plurality of conductive pads is further in electrical communication with one of
the plurality of interconnect elements, and wherein each one of said plurality of

30 conductive pads is exposed through a lithographic process operative on the surface of

the first integrated circuit to provide for the formation of the plurality of interconnect

elements in electrical communication therewith.
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25.  The integrated circuit of claim 14 wherein each one of the plurality of
conductive interconnect elements is affixed to one of the plurality of connection pads
using a conductive adhesive,

2. The integrated circuit device of claim 14 wherein the plurality of photo

5 sensors are arranged in an array.
23 The integrated circuit device of claim 14 wherein the plurality of photo
sensors are arranged in a linear pattern.
2% . A method for fabricating an integrated circuit device comprising:
fabricating a first integrated circuit including a plurality of discretely operable
10 electrical elements;

fabricating a plurality of conductive interconnect elements in electrical
communication with one or more of said plurality of discretely operable electrical
elements;

fabricating a second integrated circuit having a plurality of connection pads

15 formed on a surface thereof; and

positioning each one of the plurality of conductive interconnect elements in
electrical communication with one of the plurality of connection pads.

29 The method of claim'28 wherein the step of fabricating the plurality of
conductive interconnect elements comprises forming a conductive layer over the

20 plurality of electrical elements and selectively removing regions of the conductive
layer such that the remaining regions form the conductive interconnect elements.

30. The method of claim 29 wherein the step of selectively removing
further comprises applying a lithographic mask to the surface of the conductive layer
and removing regions of the conductive layer as controlled by the lithographic mask..

25 3. he method of claim 28 wherein each one of the plurality of electrical
elements comprises operative circuitry and a conductive pad in electrical
communication with said operative circuitry, and wherein each one of said plurality of
conductive pads is further in electrical communication with one of the plurality of
interconnect elements, and wherein the method further comprises exposing each one

30 of said plurality of conductive pads using a lithographic mask applied to the operative
surface of the first integrated circuit and forming the plurality of interconnect

elements in electrical communication therewith through the mask.
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4. The method of claim 28 wherein the plurality of photo sensors are
fabricated by the step of doping a subsirate of a first conductivity type with a dopant

of a second conductivity type.



