; e3edZ\6TrUL 6 ASR 2003 AN | MPROVED PHOTODEHCTOR AND DEVI CE EMPLOYI NG
+ THE PHOTODETECTOR FOR CONVERTI NG AN OPTI CAL SI GNAL | NTO AN ELECTRI CAL

SI GNAL S CROSS REFERENCE TO RELATED APPLI CATI ON This appl it6tARR 2003 a
continuation-in-part of copending application Serial Nunber 09/156, 872,
“filed Septenber 18, 1998. BACKGROUND OF THE | NVENTI ON 10 This"'i nvention
relates in general to photodetectors and, in particular, ved
phot odetector and a devi ce enpl oyi ng thelphot odet ect or Mm g an
optical signal into an electrical signal. CD ROM and DV I ves have
become increasingly inportant and popul ar for use wth personal conputers
and anusenent gane nachines. CD 15 ROM and DVD- ROM dri ves mmmmmmm"mwmnpl oy

optical pickup usually conprising two tracking photodete hi gh
speed split photodetectors, such as that explained and shown, J1e article
"Hi gh Speed SI-CEIC (OPIC) For QOtl cal Pickup,” by Tal dnoto et ., | EEE

Transacti ons oar Cons y 1998, pages
137-142. 20 As noted a |m)to arc?@cl €, M Q’E ROM drives are

progr essing in teENEPDOmE‘ME@HmTOIHS"SEEMEMRWWRMGMhen t he
size of these drlves are reduced cross-tal k_has _becone an_issue due to the
cl ose spaci ng bet wes M IXTOHN L TRIGALIeNAdNe i nfl uence
of external noise fromthe not or and other electrical circuits, the

phot odi ode used in optical pickup 25 has been integrated with the
preamplifjer circuit that is used to anplify the output of the

phot odet ect or NB\éBig% DAgﬁEﬁlz&Jﬁ asi ngly been used for

readi ng vi de as ot e T or—H bR=pretures. For such applications
and for 1 6rig E’Eialé%én?s w&{t%@ﬁbrpe{ {JQ{ HPB&&nHﬂﬂg%BﬁJau%HI@eh&l@%ﬂﬁén it is
important for the CD ROM drives to have-w de bandw dt hs.

Opti cal pi ckw/m%@msmmmmylem oyed in CD-ROM and DVD ROM dri ves
are typicall y%&mggapmmfe'@l ar devices may have 5 acceptable
performance f he intense conpetition in the
consuner 1@l ect r oni This iM@HESK Yelated inl gend@$td amtedét@ctafsca\ﬁu dig Jﬁm&ama@d e

designs that are cheaper than the current optical pickup
improved photodetector and a device employing the photodetector for convertmg

an optical signal into an electrical signal.
CD-ROM and DVD-ROM drives have become increasingly important and
popular for use with personal computers and amusement game machines. CD-

15 ROM and DVD-ROM drives typically employ optical pickup usually comprising
two tracking photodetectors and four high speed split photodetectors, such as that
explained and shown in the article "High Speed SI-OEIC (OPIC) For Optical
Pickup," by Takimoto et al., IEEE Transactions on Consumer Electronics, Vol. 44,
No. 1, February 1998, pages 137-142.

20 As noted by the Takimoto article, CD-ROM and DVD-ROM drives are
progressing in terms of system compactness and performance. But when the size
of these drives are reduced, cross-talk has become an issue due to the close spacing
between the components of the drive. To reduce the influence of external noise
from the motor and other electrical circuits, the photodiode used in optical pickup

25  has been integrated with the preamplifier circuit that is used to amplify the output
of the photodetector.

CD-ROM and DVD-ROM drives have increasingly been used for reading

video data, such as data for motion pictures. For such applications and for



None of the above-described conventional optical pickup devices for CD ROM
-and DVD-ROM drives are entirely satisfactory. It is, therefore, desirable
to 10 provide an inproved optical pickup and photodi ode des} @n"‘f%moi d
some of the difficulties described above. SUMVARY OF THE | NVENTI ON

" Applicant proposes an optical photodetector device inplenmented as CMOS 15
devi ces which are nuch cheaper than bipol ar phot odetector devices.
Preferably, the CMOS processing circuit 4or anplifying the photodi ode

out put and the phot odi ode may be i nplenented in the sane sem conduct or

substrate. 'ﬁ@%?;ﬁ%@@ﬁﬁ%&ﬁ&m@ﬁ#ﬂ@éﬁ g fi3s '{Wt &r the EPPROM an

sem conduct o orns one side’o junction has at | east
two porti ons DIVID{R@Medyeate tawpaide baAdwidtsot nore than tw ce the one-sided
functioned depletion.wdfh in a configuration referred tQ herein as a
di stri but ed structQRtlé’\gl)P‘CgBﬂchQ’\BPﬁ?% .“”B%Ayeﬁ‘ﬁP](?W &gqbﬁlm'f?&ﬂétqm' of such
type where theyyeRHGOANAHE ticA§t GipbRl deQfclBl NOWRNE b iddienbyingléon is
so distribut 2\3) tmlspﬂgs tﬁgce fect of ei r?creasj ng o(gﬁr gﬁveléégerrrl%??{ébgnd
anpl i tudé of aeteptabl¢ perforeladcé fortsheh dpplicetionsy withghe mterfse tchmpptitddroidi tbele,
t hereby 25 reduci ng 1drift t.iigre of.carrlegls in thcgqge | eti n.reg'hon. The
responsi vi t y SEEHMSECIPEHFQMics industiyeif s desiygbly to Provi teg'ﬁ‘ﬁ‘lvf) FHEPsANSi R v
doped sem CopRipPthah ¢RE QltrdheLPREN pidkBp dWRgMOr tions of the semni conduct or

0

material that fornms one side the function. Wen the photodiode with a
di stributed confi giane ofdhe ebogediscabrilieanyentgmaheptinal pickunsdeyices $ordéDef t he

PN junction i i r i R R 2f drive,
it is prefer@@%gméﬁﬁﬁd%% @brg tSBX%WhSH of &gﬁég%rené?sggﬁgfoto be
spaced apart phyvide apatproged Bptitk pickigan@fphbtddiodbXeRigh 6 S oid Kdnielsfither
enhance the responsivity of the photodiode, an anti~reflective filter is
enpl oyed oveldlﬂiﬁé“%@qsﬁ'ébqﬂrﬁb%g-ensi tive region on the surface of a 5

sem conductor substrate. The filter includes a first layer of silicon
nitride and a second dielectric layer contiguous with the first layer. In
fabricating QUMMIERYJIE THE INVEDTG Vth inplantation (hereinafter
referred to as "Wth ignltant " or "Mth ntation") (s perfornmed to_ adjust

. i npl
the threshold vol 3R BFOPORE apoPECH P Ladetectay dewce H%lee‘%léﬁlﬁw and the
10 phot odet egh@tesatific /48 HueA LEApAthiEip SR ThtoRIEA G fovi hs.niﬁ%ker b3¥,%€f erably

provided to shield the portion of the substrate in which t phot odet ect or
regi on has b&BMO8mprocessing diesuit domanaplidying the phivtodiagd eutpatandrihe phatodinde Vit h
i npl antation is ortion t he substrate that is not

f | he . f
shi el ded by W& Q%grgw?er“%@gﬁ‘ﬁgﬁx%%éﬁe?}BE%{H‘P&W SIPSHBRs not af feot the

phot odet ect or. 15 In another aspect of the invention, the P or N type semiconductor material

that forms one side of the PN junction has at least two portions that are spaced apart

20 by not more than twice the one-sided junctioned depletion width in a configuration

referred to herein as a distributed structure or configuration. By employing a PN

junction of such type where the semiconductor material forming one side of the

junction is so distributed, this has the effect of increasing both the density and

amplitude of electric field in the depletion region of the photodiode, thereby

25 reducing drift time of carriers in the depletion region. The responsivity can be

further increased by preferably employing a highly doped semiconductor region

between the two portions of the semiconductor material that forms one side of the
junction,

When the photodiode with a distributed configuration of semiconductor

30 material as one side of the PN junction is employed in a CD-ROM or a DVD-ROM



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1A is a cross-sectional vi ew of an
"integrated circuit of a photodetector and CMOS processing c11r6c

phot pdet ect or mask and photoresist to illustrate the circuit "and a%arocess
for form ng an anti-reflective coating for the photodetector 20 and its
“processing circuit. Figs. 1B-1D are cross-sectional views of an integrated
circuit resulting fromfurther processing steps on the circuit of Fig. 1 A
toillustrate the steps in a process fog formng the anti-reflective
coating. Fig. 2Ais a graphical illustration of the reflectance of a
silicon nitr I AR 53 and
790 manonet eérgéml/g\r}gxifﬁbatglﬁgbﬁ?mgﬁ%%lﬁg&%hl cknegése%f:‘ﬁ%élﬁfenag?ﬁ}td;%; 'E:ercf5

| ayer i s aboaprrti0a spacimgen thesrangoof § kaidd nacrens.he refl ect ance as a functl on

f the thick | di d
iOI I uster at: gnng?stﬁg ‘f‘aﬁ? S!Erf}{&ﬁ‘gegthﬁ:‘ Og\éo@g% tge ?i‘&oglﬁ’ﬁ enftt ??tg'ée ﬁﬁv%l l'i con

di oxi de | ayeﬁlté}‘nls' e Efdy@&td‘)é? tﬁ@aén'uF@ ph@foséfs&w%nég?o%oofm@r&mw ot
wavel engt hs, where t hi ckness of the silicon dioxide is about 255

manomet e¥ s semicondBcHRP| Stubstmeﬁ %etﬂitecknclmdﬁsml fingslayert of silwnrwfrddecndrce as a
function of the 4§jrkﬁ1es$ {}e Si | rH tll de layer. Fig. 2Cis a

gr aphi cal i 1 350RRT SIS YEIFe™ %"Huéé’fl @8 of %Yef)hot odi ode integrated
circuit with and m Eiweidktiid €MOSI deviiek, e@‘thr‘éﬁmdtd)althflﬂlpﬁfntafubh heRURAREE ON as 5
a function of the total thickness of the silicon nitrid i con di oxi de

and package 157694 toRaCcYdh dmplh o Y theimplantatiosy’) @ct’@@é’"@éé@ﬁ@@ they. 3A s
a schematic \ﬁ'n?s‘f’{o@c v&lig §2%QE@@M§§M&E&E’E Wherk The SRIGMINs Q}(P' RO

optical pickup applica I's a schenmat1c view of an optical
pi ckup tonf i photadétector e@cﬁabrgcadatan e samersubstravgta raadk xsrpchferablyq:lno‘adeca di sk

toillustrate nvention. Figs. 4A- ar.e 0 sectional, vi evvs of a
portion of a%h@f@h%?@‘é‘@&ro?@eﬁgﬁfat%lﬂ‘f’ 6h g“’ﬂg‘to inééf’cﬁf ERSIOTJHS bEEN Phe
phot odet ect Oirs%oeéfoﬁngd d§nn%tBQub;Lthﬁ%@ta‘ﬁdftl?é'Vt}pi'nT 1&&&%@@%@%&@8 L Ynfy of the

i nvention enploying a junction strudcture between two t
seni conduct oon ¢ goirtidn oﬁnthdqs@s&rateymet of notasheelded bynalve ngslg shi dtat isbet ed 15

structure to,illustrate the ref rred gnbodlments of the invention. Fig. 4E
is a cross- s'é’?ﬂl?rﬁ?{éﬂ“ eé\ﬁ%f‘ ?}?cﬁﬂ Getar convent i onal phot odet ect or .
15

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a cross-sectional view of an integrated circuit of a photodetector

and CMOS processing circuit, photodetector mask and photoresist to illustrate the
circuit and a process for forming an anti-reflective coating for the photodetector
20  and its processing circuit.

Figs. 1B-1D are cross-sectional views of an integrated circuit resulting from
further processing steps on the circuit of Fig. 1A to illustrate the steps in a process
for forming the anti-reflective coating.

Fig. 2A is a graphical illustration of the reflectance of a silicon nitride and

25 silicon dioxide composite layer coating for 653 and 790 nanometers wavelengths,
where the thickness of the silicon nitride layer is about 700 nanometers, to illustrate
the reflectance as a function of the thickness of the silicon dioxide layer.

Fig. 2B is a graphical illustration of the reflectance of a composite silicon
nitride and silicon dioxide layer anti-reflective coating for 653 and 790 nanometers

30  wavelengths, where the thickness of the silicon dioxide is about 255 nanometers



Fig. SAis a graphical plot of the electric field vector in a direction
-normal to the surface of the photodetector integrated circuit to illustrate
the effect of the 20 distributed N+ cathodes in a PN junctionl$t ABRt2083e of
this invention on the electric field in the photodetector. Fig. SBis a
“graphical plot of the electric field profile simlar in nature to that

of Fig. SA, but with a different junction geonetry. Figs. 6A and 6B are
graphical plots of the electric field prgofile simlar in 25 nature to Fig.
SA at two different reverse bias voltages. The sem conductor structure

illustrated itfclGit@8luste tiRFeflédthe s rfamtionads 1 thidkdess A thesifidbatnitride
addition to the distributed PN junction structure of Fig. SA, a P+ region

i s sandwi chedaygt ween the two N+ cathodes al so present in the structure of

Fig. SA, so that Ki.gs . o 6B 1.l uys: . ef S l.ectric . field of
t he revi sed conbi r#elg' sztc%éc?ﬁgbﬁlw 1&1[@&219& é% 5&19?%98%%&%%&0%%?8& cal

pl ot of the déhtegtatddccifduitl witlpand Withost thel anti-refledtive woetingoofthis intdhtioAuls where
the effects of an_ additional P+ region sandw ched between N+ cat hodes are
al so shown. mifynction pkthg tgialBicknsss off the sibicor Ritriés, sdicen dioxidelagd paekasee

obt ai ned wi t v, [ ) ectar: design. Fig. 7B is a graphical
pl ot of the 2?)@& lﬁgéafﬁ;{ogcag?% %ngg@@%&c%o%@g it i onal phot odet ect or design
with a reverse bi &&g\30l isagehethatit gieondf six photddetdctafeldmants fBACD-ROMEBAdIi s a

cross-sectio V| of .a . quad detector suitable for use in the

phot odet ect o%'@gg"@%a{l g”?\"?ﬁ%ﬁl‘r"éﬁﬁnsan enbodi ment of the invention. 10
Fig. 8Bis a crosq:i%%q; isQNRhenfARNIQL o@aH%bEiba‘PBi&ﬁ EQﬁg‘ﬂl‘r'a?tqu%&cﬁEé @4ta0f Fi g
8A. Fig. 9A is a cross-,sectional view of one of ?he four detectors in a

quad detlrt ofrauin aptieal mediamsichfapn diskdoplhstrattsthe otventiof. Fig. 3A to
illustrate another,.enbodi nent of the invention. 15 Fig. 9B is

cross-secti onal v!%ﬁf'o‘ﬁg’zﬁﬁﬁﬁ FIoss-8Fetional HéYvécqfcﬁ p8rf“°%i %f.ga é’h?togthj’PtOIOA is a
Cross-sect i ongdment Qiitable far BB LR Rhe 6t e éﬂoﬂ&_@&t@rsf&TFi%J_%@\ {PMu@pe Rfurt he
detectors in the quad detector of Fig. 3Ato illustrate yet another

enbodi ment ofdiffeientiempedimests ofithginventpn employing § PN paetiomruciure hetafeen

o a quad deteuTerehAriRrgbhy el Ml bfk oo Sebp R ORE AR o ="

11B i s alicr ossrustied toillabtrate ehg mrefearef @iibodiments offthe ilmemidror of Fig. 11A
Figs. 12-19 are crgss-sectional views of sem conductor substrates tQ show
the processing st g8 18+ 1 abrsroat-sestorNogele Bl ca sPYHAN a0h RocouenEensdr | n

the same photodetector.
Fig. 5A is a graphical plot of the electric field vector in a direction normal
to the surface of the photodetector integrated circuit to illustrate the effect of the
20  distributed N+ cathodes in a PN junction structure of this invention on the electric
field in the photodetector.
Fig. 5B is a graphical plot of the electric field profile similar in nature to that
of Fig. 5A, but with a different junction geometry.
Figs. 6A and 6B are graphical plots of the electric field profile similar in
25 nature to Fig. S5A at two different reverse bias voltages. The semiconductor
structure illustrated in Figs. 6A, 6B differs from that of Fig. 5A in that, in addition
to the distributed PN junction structure of Fig. 5A, a P+ region is sandwiched
between the two N+ cathodes also present in the structure of Fig. 5A, so that Figs.

6A, 6B illustrate effects of the electric field of the revised combined structure..



25 sem'condlct or substrate, where a Vth inplantation is perforned on the
~portion of the substrate for the CMOS devices but shielded fromthe region
of the substrate for the photodetector to illustrate the invigtéﬂ;p.z i gs.
20- 24, 25A-25C and 26A-26D are cross-sectional views of sem conduct
"substrates after the device fromFig. 19 have been further processed 30 to
show the different processing steps for fabricating a second polysilicon

| ayer to 1 ~ APR 2WB 6 formresistors :and capacitors and to use a second
polysilicon | ayer as an etch stop during the fabrication of an
antireflective ("Ag.)6Coatigngphical pldt wfthieélecttibdieldprefite sinilatiarnasirapbi ci ty
in descriptignp, .identical conponenfs in. this_appl.ication are identified by
the same nuntifaP$, byt EE‘FRI‘ E%ﬁﬁ’s@k@?ﬁmr@iPTﬂEglpﬁE@@m. NEROBNVENT As

shown in Fig fisi,gctor integrated circuit 20A includes a

phot odet ect oFatgéa%néggﬁl%g g‘té'@'i ces 24 which forma processing circuit for
processing (e.qg. &gl TAys rggraphiealopiopwf thé eleoticofielt qubble dtaihed withust r at e
the 10 invention. .In,contrast to, conventi onal devices which enpl oy bipol ar
or a co inaFP%‘_f?“BP“ﬂipg‘S?oél;teﬁfﬂidéﬂ}ﬁﬁ devices to process the output of the
phot odet ector, i nghe7Rrieheghrlc8PIAdbMBRteltridhed éréﬂleo&* ¥ cENRiisiey i ces

are used for processing the photodetector output. devi ces consune | ess
power and ar @hotiodaisetortdesigniathtawgmense pisk apltagediferent frore thattof Fig. i7At egr at ed

circuit 20A 15 (and cifcuits 20B,.. 20C. 20D of Fi,gs., 1B-. be ade
s g & DS pr oodds A hfosReoRfrl s dued BRproBeutEle FRUT R ve 1o
make. Figs. IphotbRefcforof THs 326t illefalte ¥l énbodimemibithé REEmIcAd circuit at
di f~" erent stages Qfe&ocessi ng for formng a conposite anti-reflective

coating 1 the dedig.cB sonpwss-sectianalridew lof elpesidereef the qupd deteeter of Bige aspect

of the invengi,on. As shown in 20 Fig. IA since t he’ CMOS process typically
forma | ayer (‘)A’f polysilicon to be the gate of CMOS devices, such a layer is

al so fornmed over tHig PAdkabesiqtiord.vidw of oheiofighd fuair @tBtadewi eemadt he
pol ysilicon |ayer i s,segarated fromthe éop surface of the N-epitaxial
g

| ayer by a t Ketecteryantagre K yse dar HieoRhdeddiestpngt Higndiy to Blsiree) asgther

thickness. T iAol | 1 con dioxide of controlled thickness 25
al so separ at Eg{btghfe?ﬁeg%loggﬁlllﬁconoﬁayer 26 fromthe photodetector 22. On top

of the [ddl ysilicoFigBReis d dosasectionat vMieswef a portlor of thealetayarof Fog.Hd an
internetal dielectyic layer 30 far~cned when the CMOS deyigces 24 are
Formed.  Theref or o P04 Y AEEeseedial Mo APDRtotRECR QUANS F BFY BEENG e
coating, a |ayefe RfecRPOINANE Gl deteior Df FRI SRAo AistrR yof akdiferichitRuiRng!
dielectric layer 30 by nmeans of PD mask 34. The intérnetal 30 dielectric

and interl evel thii isvesdtoni ¢ | ayers 30, 28 are etched down to the polysilicon
| ayer 26, using g PRYY R d L6RSANE e B SBioR b Bl ae B B e
20 Fig. 11A is a cross-sectional view of a quad detector suitable for use in the
photodetector of Fig. 3A.
Fig. 11B is a cross-sectional view of a portion of the detector of Fig. 11A.
Figs. 12-19 are cross-sectional views of semiconductor substrates to show
the processing steps for fabricating CMOS devices and a photodetector in the same
25 semiconductor substrate, where a Vth implantation is performed on the portion of
the substrate for the CMOS devices but shielded from the region of the substrate for
the photodetector to illustrate the invention.
Figs. 20-24, 25A-25C and 26A-26D are cross-sectional views of
semiconductor substrates after the device from Fig. 19 have been further processed

30  to show the different processing steps for fabricating a second polysilicon layer to



~ s APR Zoo3 layer as an etch stop preserves the integrity of the surface
-interface between the well controlled silicon dioxide |ayer underneath the
pol ysilicon | ayer and the photodetector 22. The resulting st §ukRRiR#@320B i s
shown in Fig. 1B. The polysilicon |ayer 26 is then renoved, |eaving the
“very thin and well controlled silicon dioxide 5 | ayer above the

phot odet ector 22 and the N- epitaxial layer 21. Such structure 20C is shown
in Fig. 1 C. Alayer of silicon dioxide&2 is then deposited on structure
20C and then a silicon nitride |ayer 44 is deposited on top of the silicon
di oxi de | ayefortncreﬁxerom hinbcaatitiark uhé t2 062 4 secbnd potyanca*mayai dsiamcuncrdétopd de

| ayer, which was |na]Iy etmee t he phat odet ect o and

pol ysi | i con F“:‘ﬂ@r Eﬁ'ﬁ‘%ﬂfb E?ﬁ)‘“fee(f ARG ?%““Eﬁ%‘%’é?rﬁl@lth? Wﬁ“‘!od‘yer has
been renoved, bon O Leon

The silicon diOXI e Iayﬂuﬁ éﬁggau hbﬁW@Sﬂgggbgﬁ ren?ggﬁﬂgﬁgbhﬁgtoggtector
22. By form igntifiechby thersamayemeddls.si | i con di oxi de over the entire active
regi on of the photodi ode serving as the photodetector, the thickness of the
silicon dioxide can be 15 well controlled. This is inmportant to mnimze
the amount obpTe{il 1 DESCHIPTION OBNHE PREFERMIEY EMBODIVENEnal i s
incident on the siTicon nitride Tayer 1 nmrediately above the photodetector
22, the light enc@&mslmrvm in Figr 48, iarphotodetestoreinageated mercweaDAmn(:bdgﬁ apackage

Iayer 46) abgye, t.h on and e .sili keon nitride

i nterface beP&%té’rqueﬁ f'a%%l}#qsd?ﬁ‘gc?s %‘Q ey (frﬂbas‘?rpf:??élﬂga‘?%)‘?itafgrl ayer,
and lastly b@fd&@ﬂn@Qetgh&nﬁjhfynﬁg)nﬂﬂl evutpde of PHRtodeettdh 22 phofllageiteaher 22.
The thicknesses of the silicon nitride | ayer and of ~the silicon dioxide

| ayer arl® selwendent oltrepenipstetad caryageional edgvinesr whicknereploy bln@larucgha
reflected fr ng en LAY :{’g,,w i e

refl ected frg%t%ﬁgggbrhgtbfogﬁzé gc;d maxi m zelmnté ?Eoctegsnéunt&ﬁg#ut P4 tbgt hat is
transmtted phowdgtecsercin thetwefeaed entbodinteat phbigodal, eatyoCMIOS dé\ricarader 25 to

m ni m ze the anpunt of reflectiopn and to max m e the amount of |ight
transnitted “FAJAGRroCeRngithy Riaipretscioredutaile SMOS daviceppoptaslessqovene

fg'ygfnfisbgf ahli6ro bhdap O Snad denbiti: Afkel hf}?}e%pmtehﬁt b PO 344 de

ot'e , or mat ono aum orm
si | i con 1di oxi(ahd dirayits 2@B,6CG; 20Dhef Rigs. dBHHB)sm@Y b¢ hedelusirg deCM@)Semotass be wel |
control |l ed. Furth rnore i con .di oxi de and the 30 silicon nitride

t he. si.]
layers are cORpIALi }Eﬁ it r?tﬁdg'ﬁédl?% ISIAEPSASIYR tOCRE%S: devi ces 24 and , nay,

therefore, be advapiaqeup iredsed-sb&iona ey 0PAS thibl@ eI @it at diffefenfPR 20D3
8 Structure 20D is normally encapsul ated by a packaging material, such as a

t ranspar ent p@@kag%pnoaysémgier §oveg @ ﬁOIFP@ﬁthInthﬁféffCélrs’ab@a}mthféh@éQSKa@;e | ayer
46 has an | n%gél 8Jl lél?%l{ %;4 SEptO lnl?SéFa?g e&%?%%l%‘/é%lotn %%VVS’!?%T'

m nimze the a

t ransm tzoed uhgsmmm@d:ems tpfxrces%:typxsall]ﬂfmh ldyet of solpSlRRomay bbeheagaed for
converting a I| ht signal into an electrical signal in a CD-ROM or DVD- ROM

whi ch enpl oy of QSéithc% syeh F@Yéfrﬂﬁ alpafermadqrves thegrotedete i@ 2manonet er s.
For this reason, arﬂgx‘éjhé A fd%(ucw‘?h?@cgy 11‘?Jo|nq dr§€ e‘b%@&?fr%ﬁ geating)

conpri sing Iayers trm cal
el ectri cal sitgplaxhrfmmfehsl\bepnatuat lageerd:gea thiini hgewmﬁsdloengiﬁdﬁde)}ﬁavﬁ@ 4@eROM and

AR WEN IR LA T R e TN
fni ngprgt ngss “%?sroesetpgﬁatéz' the &‘)erysnb&q iafl6r 26 %6 thahBtddBieetn©5S @ t3POtthe 700
polysilicon layer is an interlevel dielectric layer 28 and an intermetal dielectric
layer 30 formed when the CMOS devices 24 are formed. Therefore, as a first step
in fabricating the anti-reflective coating, a layer of photoresist 32 is formed on top
of the intermetal dielectric layer 30 by means of PD mask 34. The intermetal
30  dielectric and interlevel dielectric layers 30, 28 are etched down to the polysilicon

layer 26, using the polysilicon layer as a mask or etch stop. Using the polysilicon



the refl ectance of the conposite coating is showm as a function of the
-silicon dioxide thickness for both wavel engths. As can be seen fro %v:\/ing'
2A, the range of 15 thicknesses of the silicon dioxide |ayerl 6ii AR 260 ich
the refl ectance of the conposite coating 42, 44 is mnimzed for both
“wavel engths is within the range of about 262 + 22 manoneters (that is)
range of about 240 to 285 manoneters). More preferably, such range is 26Z +
15 nmanoneters. Thus, Fig. 2A is obtained by perfornmng sinmulation of a
structure simlar to structure 20D having conposite 20 |ayers 42, 44 by
keepi ng t he layhi askaneptch st6p priaservdsithaiotegriiyt ofi the sunfach antgefakedtetwbmnuthe PGl

manonet ers but, varyi the. thi ckness of the sjlicon dioxide |ayer, The sane
can be doneCBVr%geéipisﬂgogu _ i3 y “ETTRTER t{hfhgég'ﬁ‘ﬂﬁ%elg%erof}{gi mecon

di oxi de and pyadoybte@ot 22 Thd &&nﬁ?st@x_fct@e _twwsmblnrih@%qs.m‘gﬁblym@ng- 2B,
where the thickness of silicon dioxide is fixed at about 255 nmanoneters. As
seen 25 in Rygr 2685 thengemhved desyingahe vaey thin andowelhcantiolled sitigen diogide

preferally withi,n the ra Q Q manoneters | rder t LRLM ze the
reflect nce\{\4=y ro?‘ROtv he™ é‘r?g"g@iﬂf{?f éggpﬁﬁlge%wxgaquﬁ gaﬁ"grr%{l)l g‘f&&%‘é‘cﬁ‘é%gbm

t hi ckness ofis §Hawis id FRONONi Ay of e¥iesn tioxide 42ie then @ osited/E10sthuctlre
manoneters. As shown in Figs. 2A, 2B, if the thicknesses of the |ayers 42,

44 are opti RP&e#nd thea & sifisecritiidedayer Hbisifepssited nn troiithe sitieer figxi

h - ef [ t : i .on:
anti vt oot fios Y P S RE ab i 320 Thlk RESH Blofide 1A PRSRSUAR™, oce
two wavel engiially betweerARE phatbdetEctdh? end the paisiliceh laet 26 endwaichvgas

conprising layers 42, 44 is described to conprise a silicon dioxide |ayer
and a shdi cé"?ﬁ/ Atertha@olysiiern layaphasdiren semairsd, Bendsiwsleiortherailiepr dioxigieher ~ t han

silicon nitnj Sl bl di oxi de may be used instead and are within the
scope of théé){éﬁsgﬁr;kgf%%w%% materials may include SOG 5 oxynitride,

si | i con- oxyni t ri déheaildomp dloyidrilayer 42 teduces teabigeeurmantral she pieodatectbezrs 42,
44 may be chpsgn fromthe ou f..materi.als includi.ng silicon digxide,

11 con i ¢ ERIDIAEECE Syt 1GEol ST BRBR FiPY e JEU A FSATH BETEL | m The
thi ckness ofphbRRiABSKIBE ab ﬂié%oﬁﬁlef&)’or?hﬁ%i{éﬁn&%f fReZfRoh Ridkide EnltRr

manner. As shown in Fig. 2C, "'where the total thickness of the conposite
| ayers U2, wellgontrdlldhddisiesnpatant o méaimize the gmbues ofecflpctiagof gedight.

mnim zed e riesEa g st oo 0ot Mo SRR R e 1vo
si nusoi dal ahg Mesodefecssr|Z2dthkligBtsentduritert b &t st itBfadedletv@ednane aRdRim (e
phot odet ector Iintegrated circuit (FDIC) wthout antireflective coating at

the two waveperge yesD 2bpve thogliseme iteeand therpidean nifridedsyer.dbeintedacat the
bottom o Eu G 88 NG t0Sht et SRspoRnShe Al Tl
i nt egr &0ed che silicon dRRidE) laydrtdndahd plictbtietettbrn@2.c Tae tiicknasuds af chd silbwdinl ed as
dotted 1 nesnit?’ltdetlat]y%r 23 to 'erogilié:cingdio%ge?;ye; \a{\r%%'ele(c\t,gdttro] rﬁa‘?dr(x:uoz%tgegtgrucetgv%hbacm '

interference of the light reflected from such interfaces, thereby minimizing the

amount of light reflected from the structure 20D and maximizing the amount of

light that is transmitted through such interfaces to the photodetector 22. In order

25 to minimize the amount of reflection and to maximize the amount of light

transmitted through the different interfaces, it is important for the thickness of the

silicon dioxide layer and that of the silicon nitride layer to be well controlled. As

noted above, the formation of a uniform silicon dioxide layer enables the thickness

of the dioxide layer to be well controlled. Furthermore, the silicon dioxide and the

30  silicon nitride layers are compatible with the fabrication of CMOS devices 24 and

may, therefore, be advantageously used for the purpose described.



Fig. 3Ais a schematic diagramof six photodi odes suitable for use in CD 20
"ROM and DVD- ROM optical pickup applications. As shown in Fig. 3A the six
photodetectors A, B, C, D, E, F, are located in the optical pigcARR 28Bad in
the CD ROM or DVD-ROM Fig. 3B is a schematic view of an optical pickup
“configuration reading data froman optical media such as a disk to
illustrate the invention. As shown in Fig. 3B, the optical pickup 50
suitable for use in CD-ROM 25 and DVD- RGM appl i cations contains a

phot.odet ect or devi ce such as device 20D shown in Fig. 1D, objective |enses
52, a quart er - wavetpicatre 20D, is aopodllyréncapsylaped byna backagigandtersaly susBas haser 58

i I b 8a whi j ILi @t 52 t | ari. zi
o1 om 56 and CRAELPR RS NS POTEBD. GUSPIALN dharchren BVas Ao

focused agai Rn 4R BPIRAELATINGRE FBe LEBBoRA 42010l NS7 APk iRl ze TROAROSHUGE as a
conmpact 30 disk 59. The reflection fromnedia 59 is collimted by objective

| ens 52 and a¢fletigvarsgainmximizetheamauat pblght yrapmitied 3d thephoteddtentersd?. by
ol ari zati on prism,56 an y APR,2(b3,10 focused by..anot.her, lens 52 to
P phot ot cot or MR PO S LZ0RMEh banoae ToF Fortng i HERY Sigedli fEn pa
tracks 59a t ReicRRAL sigha it WCDIREAR TS VBIRER1 dhethiekigtay REIR at 8o HifRednt NY

purposes, that is, to ensure that the optical pickup head is in the right
position rel atavelengthstdid angt7@0grnemstecd-Trovhigiredsonrit Dipsirbig ir she dnti- or der

toread the d .record t her.eqn. Tvpi.cal nd.,.DVD- di sks
50 hove (1 actBdyLs ERAHESS BRLREN coduBURE Mykes b8 S FarEM oR WYY, €
ensuring t hatoptieslesigral so fteClriatilesignal theversighit the dptiating waotleig@hdbN@DL he dat a
relative to the tracks on the disk. If the detectors A-D are not in the

right podl ti &M andRXXPROYE thahis abpha wayelqsigtheas 602 2adi 78R napragiersnkie cal | y
10 by a servgs: SToLy! i rd . The..

deteotors A 24N RPN blos bPE BliGudie sl dMHosREB MG QRNEH . &
corners of a aaddérwhert the silicon niiddekyeriasarthickndsk ef aboue 790 kamanetes aad quad

det ector. Accgr ding to the CD- ROM and DVDReO%XI §Peci ficatjons st. commonl y
used, each ofth¢ Reflecsinced: theGampoaith copiigpisetioynsgs § fustion Gfdhe sHlisanand t he
four 15 detecg I agt ] s both
in the hori zo(atrllﬁ tgirﬁgne\?g??ib?gfqlgi%r{eec ?g(?)njgg g@ﬁsggm}?ﬂzdfr? IlﬁgSﬁA,%tﬁe E]all“r:’f‘lé't25 Ee
convent ildnal thickbesdesodé tHe siilgponadiosidewlayérnwithpn, whigh theergfleotaock edethe

conprises a N+ region implanted in.a P:_.epitaxial |ayer,.so that a BN
function i s FOMRRRDRAEEAY fo BB Ral vRc et i hAEERST egi ons
form a junct iaghut2f62Mi g Rahdindiéry Bhftes, hhnfeast aBYutR400b 1289 hafiseteds) VMor¥hen t he
junction is so reverse biased, a depletion region 70 is fornmed |argely in

the P- regi orprefgrabdyinstichgangeelsNid Bgi onanpsneierswnl us, Figg 24, owie@dagy he
ol ot i : o I = : . !
dopl et i on w deroihgnipuRbh ek oIS S FRchiof OB EoiRL | 0

4E, el ec20 on-lhelsaizpad bg kespingf the nidckress dfthe ditipdrenitride weharggt apnabdyt 00 t he

electric field present in the depletion_ regjion causes drift of the
el ectrons andaRemeiers Yt vaghng @Pé?‘dﬂfvsﬁ AEthesiligom dioxidedaygrd t he N+ regi on,

and Lhen Lo the elol LekaPOUUBS By BhetliealiURan Ghaspluiliana PPl Y to

the P+ substrate an region rcent ag ectrons and hol es
so fornmed thailicanediekide and varydwgethet thickhessRf silicha tnitaitle aasbowt in £y, @B, Wi t hi n

the shortest tjine determ nes. the 30 bandw dth and responsivity of the
phot odi ode. Wrﬁit%éyc@ﬁg (ifesfltf;@théf@"éc?e p}gé(ecti at about 2?? nanometers. AsS seen

25 in Fig. 2B, the thickness of the silicon nitride layer is preferably within the range
of 700 + 30 nanometers in order to minimize the reflectance from the composite
coating. More preferably, the range of thickness of the silicon nitride layer is in the
range of 700 + 20 nanometers. As shown in Figs. 2A, 2B, if the thicknesses of the
layers 42, 44 are optimized, the reflectance at both 653 and 790 nanometers

30  approach zero. The anti-reflective coatings therefore function as an anti-reflective

filter which substantially filters out radiation at these two wavelengths.



~ s AFR 2e@ 11 greater is the responsivity. As noted above, it is
‘desirable to increase such percentage so that the photodi ode 52 will have a
hi gh responsivity. The Applicant has recognized that two fag‘té)rﬁ,ka?éjfct t he
percentage of electrons and holes that will be collected an rans ted as
current through the S contact points of the photodi ode to an external
processing circuit. The first factor involves the speed by which the
carriers nove or drift to these contact goints., where such speed varies
directly with the electric field strength over the paths of the carriers.
In Fig. 4E, for exdll the dnticefRbeivd cauithgtdoaipriding 1ayersrad, Wi lid désavibed €o dri ft
towards the N+ region_and the holes will have the drift to the P+
substrate, afRmphee agilispedioxide fayer and e sticgnmitaidg deyesutre fpaverssmadg pf af f ect

t he bandw dt [y t : o

di rections ng&}lﬁ% n}ﬁgb%Lgﬂgﬁﬁhg‘cs?%gb%gggﬁgglgl;lfgg’% gg)xgqeﬁgé?ﬁgﬁ%% l?%fgycgurface
of the. integiditaed withircthd séapei of thhdanveatiphansuchtheteritleangpaintkidarsOGar gel y
parallel to the Y-axis, so that the elecirig field that | argely determ nes
the driff vePﬁ%‘l‘E"&f‘aeoFIﬁP%"xﬂéﬁr&dﬁé‘P poYiFge e dpratherrerds HE GG 18¥6ES V- axi s.
15 The second, fachas,@EdReh o 88 BIRRSIdIROR didkide Wikbn D

col | ected ang t ran%;n‘?ﬁ eog&:iigr cuttrhrggﬁctaﬁji’(gﬁ?he fst z;l%cg %\?/Ctr(a)rﬁd I ceh\efth#én carrier
drift shoul dnibgde)iSOGHoagnitdide, silicoreasynitideland polygnifie flnl st rengt h and by
reduci ng the di stance,along th aths that ,fhe elegtrons .and. hol.es, nust
travel to reach s (!‘ﬁté!:?ﬁﬁ'[‘%tsgt"fﬁﬁ? BT‘ ag e‘bﬁéﬂw_ Sﬁctlﬁofitﬁ‘é‘z B HIMWEE can be
greatly enhapmagebr. AQ sidwWiSin Fig-AD et the @tar thRikhés9 38 theVdoRiBdsied 12614142,

di fferent embodiments of a PN junction where either the P or N'type

seni cond@ct oft4behisabedraoptimiziedtati buabe (Sanf48iddt hanomatershehan yieddsice t he
di stance travel.ed by the electro nd holes and 1o0,ingrease,th ctric
{1 ol d st rengimirins fehdtate” Sod EReRR% e 37, FPprss el TEES HE T8 hol os.
25 The phot odhmsigete wavdlérths? Alh Fig OZORthebiwd sihsdoidil @uived iR sdid ks axi al

| ayer on a Nt substrate, doping at two separate areas of the epitaxial

| ayer so t haillustieterthe reflpctrngessofithe ghmtadetectasrinisaratasheirauitePRICI avithout o each
ot her. Anot hey.. .t axi | L C f or med
so that s bupitigeffe Bl a Y Eho v aRABnPEs B Ro LABRGYTHIR 10
connect d8 by labelled at erertectonngf Figr 2€ an "WEBaKth30isalceARrdoatihg etchisheR).oThdé 0 form
a single P+ region 62 so that .a single PN junction is fornmed betweep the P+
regi on and t RS RPW@b‘PtdQQF‘ilP“qSé Fr?te%hagéf{\'eﬁhewsm*&/m ggoar integragedhpR 2003
12 is appli ed; ; t j UACL | a
depletion r eg}rgﬁlt ;’us)b?gjr m ?ﬁyéfﬁgm\@cgﬁi{n za?fia#gl@%%p%u%%éu&n%gﬁ? ]Ree P+
regi on as showtomnrofffig.2Cds "WHB" ¢weh iRl echtingretchback)depl etion width Xd is

proportional to t are root .of..the applitude.of th ol t age. lied by
the vol tage sour c?&/iﬂkés %B?Wemﬁn&géaér?rﬂé’gglf(é)i‘f’g)%bodlgf é‘l”gab}/entlof ng @Z@ﬁét i on
regi on apd t Renef SEDMIERONI dpti¢all faskhipyappficdtidgs. C AL sh@k s i Blg€SAl gRSsiand
hol es), the distance between the two portions 62a, '62b of the P+ region is

preferably nohotedetsctasn, Bug, D, BeE, ¢ losatrd ia theptivgbpirkaip hradurthe €Be t wo

portions 62a C?.g!f)is L R (S Lange, l.stancesctravel.ed by, at | east
sone of the &a‘r' QFSDW ?h@dcﬁg'agﬁ ggiantsager”%lngl gig&r éaué{cne&%{l%g H"%‘é‘i‘pef ore,
the di stri buicgdfip@iatior reddirigh@ats €ront endytédmatht eichak a disk egliestrie thaicr eases
t he bandwi dth and the responsjvity of the photodi ode 6Q relative to the

h
convent i onal ipKBEH;Avdowads §ig. 3B, thejqpticdpigkyp 30 spisable fasuse BraP-ROMy of a
o ( e .
[ nvjeﬁtn iC?r??nl %B(ri g%‘gﬂ?g&hggl ? ‘%ﬁf?‘g%‘{s Jz?ﬂ&‘;rgf%t&% ﬁe &%?%h%?ggsggg%% Ciets I fferent

from phot odi GHewfith Big. FDgobjéétiveretsea 52 phoiaottr-odee fhite 54 agpdlaridigrgrignunct i on
whereas that of photodi ode 60 js a huried junctjon. . Thus, the surface
Finct o 80 SReasriqasschvy ongn SReuneies & Ber beREy R VYT ColimRERs Bt e P
regions or o Rfikg) ' bdln dotFBhtiosty dhite et ween
t he vol tage 5%623??8 andgpﬁgén%ﬁm?dggitdgérﬁb@ng be ft(l)Or rrsé)%&di rélg‘%hﬁgfﬁpd%g?%?&)t he
spaci ng bet wéecusedegdld by aoother objestsred@w' 52 t62ke opticat medigisne)i & FPsommgt on 62

is not nore than_twi ce the one_.sided, junction.depletign wdth. ef erably,
the thi cRhes 1 5 helte Fegpiaiam Teglr Y & lipsiee Disiechy® i e? So%t o 15
mcrons to ngxkRiz aihhﬁpBﬁﬁEﬁ[b?ﬂB&'jlé/te%ﬁ A8 PefROEd 69Polizatid DFrisntS6 angd 4D are
simlar to those of Figs. 4A and 4B, respectively, 25 except that the
phot odi odes in Figs. 4C and 4D are fornmed starting with a P+ substrate,
growing a P- epitaxial |ayer on the substrate, and by inplanting dopants to
form N+ doped regions in the epitaxial |ayer. The photodi ode shown in Fig.
4Cis a buried junction whereas that in Fig. ~4D is a surface junction. In
Fig. 4D, preferably, the thickness of the P- epitaxial layer is in the
range of about 8 to 10 30 mcrons to nmexi m ze the responsivity at 653 and

— e~ o~



1 6 APR 2Lb3 13 The two portions 62a, 62b or 62a', 62b' of the integral P+
"regions in Figs. 4A and 4B and the correspondi ng two portions of the
integral N+ regions in Figs. 4C and 4D formtwo capacitive pl ates whose
capacitance is inversely proportional to the distance or ggagpmaoidet ween
“them Since junction capacitive loading will 5 1limt the bandw dth response
of the photodetector, it is undesirable for such spacing to be too snall.
Therefore, in the preferred enbodi nent, 1Pt is preferable for such spacing
to be not less than Xd, the one-sided junction depletion width. Fig. SAis

a graphical [ocuseddiy anathsr less 2 ¢o theaqth@tqsietsciaralegice 20B: rAscshomm is Fégh 38 t hat
in Figs. 4C Dt r biased at 2.5 volts, where the
gs. 4C Aflctddlodo REG &S S0Y Bl

anplitude of _ ec _ vector shown is the anplitude of the
field in a directiTe they BefReiosd EME2 snd IWFS dhsior alatking PubftRed) dhatd @9 of
Fig. SA/\the P+ substrate is in the XZ plane where the two N+ regions are
spaced apart easuseghat tee optigal Bickumheadds ipthgirigbhpesition gglatigpto theslata@ngP = to
1-5-S-11-S- 5 _n i t. : X | i 0 ft to right
e o SDEOL AR5 0B OT BN ek @k B0UG AR B0

m cron spaci Mypically, it OBXROMESACDNVILRION dishgi50 havdiirgdksiS9a dliferdbr &@i@s of 5

m crons wde which is separated fromthe next N region of 5 mcrons w de by
a spaci ng whit¥R detectars B WESnEL/Fgaee Eorsenspring it detegigrof-P are ipthedigd by 5
m crons fromgt ] : (pr=Tol] b i cr j j th

di mensi ons gp I Hg?%ﬁ‘ght e 9{a%;}fla %%ggvﬁoé.gf{%ﬁsg éﬂ%??égh?@?f B%t}é%t Hc}? rtsmhe

el ectric fi elak mtaf the eightf paitioos)vreoking nfthe phtica gickdp issddjusted meomatidallias t hat

in Fig. 4E sh ith th vent i 4 .Fig. . SA. The PN j ti
E D S e Sore coment gn s g st e el on
Fi gs. SA andpyéye fdr rbhdihg DR S8&NiAREE id A?Paﬁgé&ﬁtt § b6rblsSdth reS tR k- cant

strength in a nmuch higher percentage of the space around the PN junction in
Fig. 25 SA caleteatarsiateccollbetivelynkmeivgn as7arquadidgtec8B. i | | ust' rates the effects on

the electric field, profile ' i stributed Nt portigns of
the single N+ r egi‘OFOI&R2 tﬁ%@ﬁﬂé@h@gpé b&}%’?@eﬁ Sf’ﬁcéhc#’ﬁﬁf mgﬁto%r?_"’]‘?‘fﬁ}fi g. SA
As shown in kiséd, e@bh of the fhuOdfedtbisAD BERipRE atJ0ex SO atérdd abfa AdThEfRRS .
apart, so that the electric field in the region between the two portions is

30 much Tor e detsctonstre sengpriedly & spacingof abwiud arrl OpnigrongRottHgthebetizoptadf i | es

in Figs. , S . j r. nt age of the space at or around
the PN junct ;%Sgggftg% dl?ec%%;@g% “_;Lﬁ'?ghl gh electric field strengths
conpared to that ilnthkd @nvédiondishotadicdd dnignrasshewn BEFigS4E, aliephctoliodsed at
1.4 volts. The electric field profile resulting, froma conyventiopal,
phot odi ode d&EoMpRisey 2 A ate&iemimplented 1t @ Xeepighrial dayenisadby AP NyuRCHBIifs as
shown in Fi g-fox%?ed,b‘w{)aﬁtﬁ@m'r %eﬁ afd B2 P-GESOR! ?ﬁgtw%&ao@fo@%iﬁféﬁaﬂ a

I stribut

heavi |y doped regi on between the two portions of the
seni condif{ct orwhielt &rrené¢rsé brasédoy aneltagedsipplly YAe Whencthe gunictibhés s esensec fi el d

i tud _be, furt hanced, h i ng. a heavi |. P+
Foni on bat woditha deplbin T TS Ao RhE iRy R B BRioR R g BRHE o, by
adding a_hea\iki¥ndeRRdhit FROKRIAEE lfaema%ntfggpmvopﬁghi\gm %0 khéwh he

structures in Figs. 4A isis illustrated’in Figs. 6A-6C. In the

structure il lalsst amthedoriensidédyjunetion depbetianegidon  Méenrightiinapioges @t the B cr on

al ong the X axis.is.4 ncluded. hal f bet n the t N+, regi opns, ..where the
P+ rogi on | s IS SN Fieo P een SO RE LA NETE! i BRoPIHOR her
words, tie PMegidACto ot iHel dhsdtri@tield présehi @.théAeplstidnRgpantaues drificof thact i on
in Fig. SA, except that an 15 additional P+ region of 1 micron is added

m dway bet weestectrpes angddioles, grorartiespgo the P+ substrate and the N+ region, and then to

the electrical contacts of the reverse biased voltage supply to the P+ substrate and
the N+ region. The percentage of electrons and holes so formed that are able to
travel to the P+ substrate and N+ region within the shortest time determines the

30  bandwidth and responsivity of the photodiode. The higher the percentage, the



As conmpared'to the electric field profile in Fig. SA the electric field
~profile in Fig. 6A has a nuch higher electric field anplitude in the region
between the two N+ portions. The additional P+ region of 1 ,mcron is biased
(not shown) at the same voltage as the P- epitaxial |ayer kg A ﬁ
"substrate in the configurations of Figs. 20 4C, 4D. Simlarly, mhere an
addi tional N+ region is added m dway between the two P+ portions in the
configurations of Figs. 4A, 4B, the addililional N+ region is biased (not
shown) at the sane voltage as the N- epitaxial layer and the N+ substrate.
In Fig. 6A EneatpNis tie réspansivity. et nettdbiboyeditals desableltosincreassi schar

electric 25 field prof t.h ctio s.that .lllustrated in Fig.
6A but reverggrcgpgggaoélga%i{l%ph/oép?ga?Egvggf;ﬁa\befa@ggrefgpysgw%S illustrated in
Fig. 6B. Fig. 6C Iﬂm@@ga@dmmh reddguived ahatovdfactdte age@iCthei gerdengdgd gfr of i l e
resulting fromreverse biasing a PN junction simlar to that illustrated in

Fig. SB, but elgftioas and aetﬁStthairmll tmcql@gteérané trAnEmites an qyereat Heugtnihex

dlrectlo i's t froma
Compar | oo bePRBgtifks SELEROARA Mool e BARL ABRSAERIERE Bhc G BRER.TTOT
2D03 15 regi amvdteés/\ﬂersptebebymaome mﬁelfsumb\haem @:ﬁlﬂhammetdaﬂtaahpbmtsude of
the electric field around the PN junction. g@ldgrel S a cross-sectional

view of a qudﬂ‘%&%@ﬁ%ddéﬂﬁq‘@F%wﬂlef}@ﬁWF%c ngth pverghe paths of hee one
enbodi nent of i [

detectors A- IS Eﬂ%}%r ﬁgggé f%é‘oﬁ%ﬂ% 8%@18&%35 gy argggéﬂ%egn‘g@c aggtét?Hone end
by a netal cdotwads thied6+ rdgiemartdhe gbles el hmeethstinﬁpe tise P+ sulistraten st thed

to ether t rial, the f ct th th t ed toget her
by et a1 1w AT Heen B R el T Ao RBTLiae ToBo peapted
potenti al a”Qhét'%ﬁésﬁfp‘af}ﬁ aﬁ-é’ﬁ?éélfﬁloﬁ'é dﬁe&%‘é‘ﬂﬂnﬁ@@@tﬂé‘su‘bﬂa@e SEHE %REQH&HW

region in the PN junction in such photodiode. 10 The five strips” of
mat eri al 102 caceit.f Bitheesgirfape pftélemeeptetdagtﬂcait iq laybﬁr XZ\theetMtthemtheach pair

ol cotri 611 ol b BRANRAAR NPy sorehe Wit et P A s long PRBRe: PEu

design, a si rtﬁif@vél@étty @Htﬂ@’@%emyttﬁ%lédhaﬁgutaloﬂgqrie ¥safiflat shown in Fig. 8B
and then repeated five tirnes for each of the four photodetectors A-D. O

course, 1% is al sollposesenst factop affectingghepercersegsaef darniass that W@‘éb@tolhﬂedat eri al

areforrredl r ps is a
narrow strip o?@'ﬁy’: ?ttggtra?ﬁﬁ%%rl%ﬁ%%%&gg%ﬁ Hgﬁg}%%ﬁl@&fm %wg dtgvl\%([é[h t he
strips. As sHoiwg, by nEirgasu&A*,led‘tﬁds ﬁ&ﬂ%sﬂ%ﬁhrtd\dwmwgﬂw distatidecddong thach of

t he four photodetectors A-Dis x SO microns squ Since the five

Strips of N BRGNS 1ot g ey 81 10)os B GBiFIGe Fers bsychﬁ%t@ctatowethénd the
five strips %ﬁd%tﬁ%@ﬁ{eggﬂ-ﬁt@cﬁod’e Singl A}lﬁ&ggncPa) region having five

di stributed portions er aspect o Invention is based on the
recogni t2®n that, Figs. mmftmdssaémmarppmaféburodl&‘preanymbad)mpmstolfans in

t he di stri but struct re q of sem conduct or eri ng one
side of the jHctpp efene‘thﬁéﬂtﬂt; %Pﬁltg%segp%o@gc@ﬁ ed"ngb gbtﬁfb ®dpaci ng
in the range QnfighRifonDid Kotk Pedlice kN distaliteaveldl b?yRﬁE'el%GtrQﬁst%%léb‘Hnécent
portions of the sSingle region is in such range, it i kely that the

electric fi eltdmeaesngltmelr:@ngyﬁteidmtrzegth ifFithy argps af@Ceng:thosigﬁ ahé electrongi ew of
a distributed cturefor one of the four detectors A-Din Fig. 3Ato
illustrate an ®Senmbodi nent of the invention. As 30 shown in Fig. 9A, the

distribupged str uct'pﬁ@ HOWYdi 603G ih 8. 4A0s foringd BY fitdl pPBviag A9$- inagedapirenent s
112, where each set o? three el ements are connected together and 1 6 APR

2003 16 to a @uAdVHsubwtats, deping Aldo(saRArAIS AR YT the episivial dayer pythat two PEgi on,
The two sets t ~sj:ded
Jlnoton dep! SeP8% SR s Rrpfedhl BERRat iR, LORDUNE, AOMIFSUERBUACT
A heavily doplejibrEé*grbezgldnﬂoﬂ.d\ﬂthératyudn&eadﬁ&dtedbecﬁ maealbtuﬁl&i PMOuretibs résalt. ur t her
enhance the electric field strength in 5 the space between the two sets of
N+ portions. Figtwol Tgegiogsc%égp@rencgwe&feda DY g1 EONNEFUNZPIHEMONAAI ch may
be repeaggpd s S fpd t . Fig.
10A is aggr os@égxelége%ﬁgﬁ&\?% g\fvfog?‘dgn%lgtpodllgglg@tggrS%ﬁ?tgﬁgl%eqfl\eﬂﬂgte%ng or any
one of the foﬁmm&ema%af&eﬂ+weg)6nﬁ1dghe Bl- Apitahdal HyermThus, Ehgnaité}/Arsetbltee N+
region 10 conprises six circular or cylindrical portions 122 connected

t oget her by means of abutting N+ connecting portions 122a and at one end to
an N+ contact 126. Again, a s'~ngle cell design omtting the connecting
portion 122a is shown in Fig. 10B. As before, P+ strips 124 may be incl uded
to enhance the electric field strength. Fig. 11 is a cross-sectional view
of a quad detector (A B, C, D) ofFig. 3A 15 to illustrate yet another
enbodi nent of the |nvent|on As shown in Fig 1 IA each of the f our

N A ~ o o o o o, M



9 6 AP'It 20(13 17 layer 204 and an oxide |layer 206. As also shown in Fig.
12, a NWell mask and photoresi st are enployed for an NWel | InR%’ﬁ(%B Fig. 13
is a cross-sectional view of the substrate 200 and PWel | § 3
photoresist for a PWll inplant, and the resulting sem conductor substrate
"200" with the resulting PWll and NWll inplants 5 is as shown in Fig. 14.
As also shown in Fig. 14, a layer of silicon nitride 208 is fornmed on top
of the silicon dioxide |layer 206. An actleve mask to define the nitride

| ayer and a PWell mask for a P field inplant are enpl oyed as shown in Figs.
14 and 15 t oisippliedbytdreoltaigt sauoee Witacrats thaleandhd jurstipar 4 depletinRegioel d

i lant. A ph d d 220 | t Id t 204
of "t ho. 10 N BHiORHET I HEQ VP aGT e STEATR BN b hoe g B 44 o
fabricat ed. ttteoﬂaﬁhe@ﬁ@la&iﬁld%bréﬁoﬁmmhtmlsrﬁsp&ﬂoamatm,fscfuafe I%Bbétfh%te 200"

where the photodiode i's to be fabricated: the i npl antation is perfornmed
preferably ommplisideofthavieltagefapplias tzymbgwhm SOHFCWhVAh CI\/DS devices are to

be fabricgated as own in | ant . dj ust
Phe Chr eShor d vol ciioirents fheachte el ife eRlfRRA Paib SR s iR Iné BB o on
204a Wi || pr g¥esity éftRe Mrhers (Glecrins fah@ WoREY, @t diftgndd et wbat e &6 popiorshat

will be forned in the rﬁnﬁl on. Thereafter, the photodiode is fabricated in

regi on 204a §¢aa6HDPLth amxorawcprpfsmhly notonase tha tye simes |X¢ F“@@fe thg and
18. As shown sh&xﬁ%getdz%aéﬂe éepo%ta C&B is 3Bl %g@-éh?t ’a so t?xﬁ'ct he

silicon dioxi a po y5| ’icon layer P'6PTed on
the field 20mwetd>d byeat Bast2ine Bf dfeccatibrg tbayelcentﬁaﬂp@ndar%%sdiraiuﬁai med in

th b f 1 mask 232. I th
or ot or 1 64 cnBRTeIBT, USRS TSR [y rmeTeBRST MR ol eIz s
formed in the,3alRs MOGERANIAM a H%’e £e3 é}rﬁﬁn Qf’fgfst@ﬂ[KﬂSdi%HF ?B‘?efﬁhbé ed! Oxi de

| ayer 206, this 1s not reqU|re In o e po I con ayer on
the field oxwdeverﬂgnairphb&zﬁmdwdds«gnfiir med in a separ ate 25 processi ng step

| di ff k fromthe gat |
ST con di oxt e | dyer 4B08: © SRS RMCHeBEP DR AiietBBIRfet PRetafioKayBr 236

forms the botifamafl Alh&fentbIRRARIdF e %QQntxoﬁn%*}@fereﬂcE 't&?lgsdlt&xltﬁethkayer i's
deposited on top of the structure in Fig. 19 to formthe y 2

oxi de ankp gatpélomlwde 60'dy diffepert from phasagdiode 6pr§Flg26A in fhag pgotddegﬂ@rwmz
i ncl udes the 20 i.de .{ hat osited
on top of th 2 sst%faﬁg r‘tsctac w&ehgasatﬂgt 3#&%@%1 é&%rh gune)& gctlonzdr hu q P

e raed 1, a

second s AEeraceBJuhSu@olsvsmlslMdttmrM%xtaﬁattltg@a gfr@wm t0p of@he B t he
di oxi de |l ayer 242 and a poly 2 mask 246 is enployed in_order to fabricate

the poly 2 rrﬁsmomortthéowna}l\& ep\é@iwétlﬁer EBGh?éﬁEIe eondact gtrsntthowoltaee of the
26 | bed
o, The sapy RSP 1285 bAS Dol ¥R ol RYER, RESpLANI, B8, AE2CL 00

above, the po yS|I| ayer et ween
the | ayexs 236106})%1&55262@4@%0&&6 meieCB(H ebgidndPeis nios n@eeptkmntmd:eabe oescri bed

above in reference to F | ants a erformed as
i ndi cated i n S géumé@nélﬁgleé@na‘ﬂetl"ﬁﬁ’fsﬁﬁ%gh&%&m%ﬁ@% ‘Pﬁeﬁ‘%lﬁfsepgf“’éalpléﬁfor med
as indicated; mtﬁleq&ng@éfa%dt 250 19 htlef%nmﬁtxm@éqttért\@n%t dBsanggvi as 1

and 2 for contacts are then formed as 10 indicated in B and the
antirefl ecti viSO(iir) coating etchback is formed as indi cat ed in Fig. 25C.

more detal i n Fi GUESOAAMRLD FUSTIG F R TE A AR (Ek PPN, |
25  except that the photodiodes in Figs. 4C and 4D are formed starting with a P+
substrate, growing a P- epitaxial layer on the substrate, and by implanting dopants
to form N+ doped regions in the epitaxial layer. The photodiode shown in Fig. 4C
is a buried junction whereas that in Fig. 4D is a surface junction. In Fig. 4D,
preferably, the thickness of the P- epitaxial layer is in the range of about 8 to 10

30  microns to maximize the responsivity at 653 and 790 nm.



| ayers 'are fornmed, a cross-sectional view of the sem conductor substrate
“200"" is illustrated in Fig. 26A. Substrate 200"' has a silicon dioxide

| ayer 272 above the 15 polysilicon nask | ayer 248, and an.pgdﬁgﬁgﬂgl oxi de
| ayer 274 above the dioxide |ayer 272 during the formation Of 't i fferent
‘metal layers. A PD mask 276 and photoresist 278 are enployed to etch | ayers
272, 274, using the polysilicon mask | ayer 248 as an etch stop, as
illustrated in Fig. 26B. Shown nore cle&d¥ly in Fig. 20 is the poly 1/poly 2
silicon dioxide |ayer 242 between the polysilicon |layer 248 and 20 regi on
204a where the phihetwogertionsf6@aneb. of iza' by ef the traagrabPeregiers in Figsenoved,

resulting in the structure shown ,in Fig. 26C. note bove, since the
Ui al | | bR Ak e GBSy instoms f e esgr R EE e nsin digs

deposi ted ongtQRd 8D forM&vod@Badifvd S16Ms WheSBIpaBIthn3k id ia0& sdly Brdpdfidmyer 242
are both well controlled, the thickness of the silicon dioxide |ayer 242 is

wel | control teethe distantd asspagingobatwedti theme5SpePjunstion kepaciveileading wilbxi de
| ayer is.deppsited on tap of the.entjire . .structure qf .Fig.. 26C. The silicon
i o1 e Sepoliit iF wanoviEP e e FRpRFBIESR b indreiiah B S abvans or
region 204a RPp&SodVehhllt TheR¥SE, id4Re prefirodiditbdanthaii # icorefekdYEforddéh
preserves the integrity of the surface of |ayer 242 durlng the etch back

i

process il | uspacingdd bemoriags threBXd, Theeonesided juhctian deplatiodivisthde deposited on

the structure of Gi.Q.. .26C . ele W | 2 fprm a.conbined | ayer
o83 of il con di b gedsa %r%%ﬁvl\ngﬁ)aqﬁloqlﬂfé‘p el ¥ Bin"r?e oFA SrIB PN ES | e’ o84
i s then depogat &Figs) 4CaadofD tHaeare 18shvd bR cA 3. 51018, dheenthehmylitdae bayer 282

to formthe antireflective coating. In this manner, the total thickness of
the silillon theoglegtiq fighd voror shewarist the ampliteds of ther figdd4n oo flitgetione| |
controlled t . i j 0% BEFiZ8At i PAND) Ladl ation
refl ected byB%rhg?ql%?%rté g{éggﬁ%%f@me@ﬁﬁ?gégpgh ggg?g g’%ﬂﬁgnd rg%?aotggszlézgé. The
range of opt XiZaplahe tvheck thestyas Nof reploms |aagy spase@ @Bart 2Bvhgathel X0bxianynpeekagi ng

:o?)éfe er abl tyolto Hg{aggggg %&%l- %r"?é&éﬁsﬁ’é% :ﬁﬁ?hggﬂgpﬁgﬁﬂn P%?%ﬁgggﬁﬁéﬁhgx
capaci £ of | 260yisSgbRRTRIIARE! high W iR fiFe QRleerOUNSIsld FHIokAPTeA3P and

the top pol ysi n-plate 252 e capacitor 260 1s formed tog er with
the nmasK3510 SegBrated diyer Sinligronispacieg try theowxt seniicendut®r regien Whichiisph 2ht

process i s perfor during.the.for.mtion t devi ce rrior to the
Pormat on_ of THdiEh Bhorbiisracyins whirfilasirioblahiBe RN bt e RicePhy

16-19. Wi | eviileby RpREih® Whikhsis e el cbas owhdre duchae Nk glonliesepaged by vari ous
enbodi ments, it wll be understood that changes and nodifications may be

made 15 wi t hdumictepafionhghe peh semicendygier dt regien ohemigron in widdh with t o be

defined only i and their equival ents. 1 6 APR 2003
-20 CLAI M5 1.d entgﬁ%f%@@ﬁ@gﬁ@?%%ﬁﬁp” sing: a sem conductor substrate having

a photogensitive FigajAns a graplicat @lafoft the ebashrid field girofilo bfancaiventigraf | ecti ve
filter over the area, said filter conprising a first layer ofsilicon
nitride photodiode structure such as that in Fig. 4E shown with the same convention as Fig.
5A. The PN junction illustrated in Fig. 7A is also reverse biased at 2.5 volts. In
reference to Figs. 5A and 7A, it will be seen that the electric field has significant
strength in a much higher percentage of the space around the PN junction in Fig.
25 5A compared to that in Fig. 7A.
Fig. 5B illustrates the effects on the electric field profile by causing the two
distributed N+ portions of the single N+ region to be much closer together than that
shown in Fig. SA. As shown in Fig. 5B, the two portions are at the spacing of 5
microns apart, so that the electric field in the region between the two portions is

30 much more intense compared to that shown in Fig. SA. For both profiles in Figs.

5A and 5B, a much higher percentage of the space at or around the PN junctions is



and a second dielectric layer contiguous with the first layer; said area
‘conprising: a first region of sem conductor material of a fi ig
conductivity type; and a second region of sem conductor mat"eqtl R @B 4
~second conductivity type formng a PN junction with the first region; said
phot odet ector further conprising a device applying a reverse bias voltage
across the junction; wherein the first region has at |east two portions
that are not in contact with one anotherldnd are spaced apart by not nore
than twi ce the one-sided junction depletion width at said reverse bhias

vol tage, sai crtaighielagtic fielgostprmgthssaamparaddethatan Fig. ddnrietigertios in EigmSBne si de
f the PN j t] i L0 1h i . T d laim 1,
oai d seconi 15ytePRist' tiddd G SCE Rs! COHRTeletuic BAGPARERCELERND o 8 LT

1, sai d secongbnvamiinal phatodibde deshgrt suchte thatis FigoBEtreveredibiased| ¢ akbgsits
current. 4 . ngs phqt odetector of claim1l) said first and second | ayer
havi ng t hi ckris$8eWninKEi8 4Be substantially optimized for mininizing the

reflectiogn of figh t t : : : : -21 5

The phot osc]et ect or g]f" élc ﬁgﬁ %ﬁl,tedr,l% %%?ﬁl 2@392’3 lﬁggfﬁg]aahﬁahl}gﬁ@g@s&gﬁgt he

range of 7000sdiGRedtigstwo portionaiod tixedistnitiuied semidoatduaigr matehinicfomaig one tfi e

range of 2400.50 235.0 Angstrons. .6.. ,The .&f&ot odgt ﬁctor &%Pc%qai m,1, further

i ncluding a t¥ ﬁ ‘?Jé‘ﬁ?t‘_ et field aB\P_E §afys THhep AKNESS §Ch &nPar ) sai d

package | ayeradag d¥ekaiily ddHiaP1OfeglofledfédnQRe tWo NIEIrABEEn Phe skrnfurkOinl- 57 7
The phot odet ector of claim 1) Said second |ayer conprising silicon

di oxi de. 8 . FigpH& 6B} otley asidingra heavily: depetl Pristegios debrecofthe by Normbutens:

material . of a fjrst conductivjty.dVYpe,.a.second reqi i conduct or
mat eri al 1§; a{“éfé%%ﬂﬁﬁt!ﬁr}a%&si %@-t@ﬁé‘sf‘%‘isﬁﬁaﬁ%‘ i TR, %‘rﬁg-i%‘ﬁ%\fﬁg‘frﬁe first
region; a devillg&raB®inFigd6A, b PvelegRnHamg\OlidiigBf BEMiODR aldh@ the! XCALOR;
wherein the first region has at | east two portions that are not in contact

wi th one anoteldehalimaydistivesn tpdwe My remensyivherer tha P+ isgiow is Aeaceh 8- si ded
junction depl @Edr&@ﬁ of Bt ofgr{édtt\%o ?ﬁr\r’%ﬁﬁng’.' akgeo\f@%rt?ﬁ@’spﬁﬂ} lﬂtﬁlgﬁmétﬁﬁsf[ t wo

portions electirically connec one 'si ron wth

the second regiuetrated in Fige 6phit fdi de af cHeajuicfon WhdEigi SAt Becept thagadt two
portions_are s&gged apart, by not |ess tgan t he one-sided junction, depletion
wi dth at 13ai daqditesa BHgegionpd) i migeon isddedrpgd wayhebweadide sve N apBiongher ei n

the a | east AVRORGLIHA0IHAUEARRERGraRRIA FRY SO MG AM pIBIChENS 11

The phot odi ode 0 alm sal t odi ode er conpristng a third
regi on bet weebAthes a moclpbighenelsctot fielbahplitede inethe oegios betsveem thredtweeliron
typo o 02 DS RhL Y RS RE RS SSRGS o't ML s Blas (B¢ SRS %e HRNGHEt T VI ty
voltage as the P- epitaxial layer and the P+ substrate in the configurations of Figs.
20 4C, 4D. Similarly, where an additional N+ region is added midway between the
two P+ portions in the configurations of Figs. 4A, 4B, the additional N+ region is
biased (not shown) at the same voltage as the N- epitaxial layer and the N+
substrate.
In Fig. 6A, the PN junction is reserved biased at 2.5 volts. A similar electric
25  field profile for the same junction as that illustrated in Fig. 6A but reverse biased
at 1.4 volts instead of 2.5 volts is illustrated in Fig. 6B. Fig. 6C is a graphical
illustration of the electric field profile resulting from reverse biasing a PN junction
similar to that illustrated in Fig. 5B, but where an additional P+ region 3 microns

wide along the X direction is included between the two N+ portions. As can be

30 seen from a comparison between Figs 6C and 5B, the additional heavily doped



f 1 6 APR 2003 -z2 12 . The photodi ode ofclaim1 Qsaid two portlons
including Nv# material and said third region conprising P+ material. )
The phot odi ode ofclaim 10) said two portions including P+ g Qﬁ#1 nd sald
third region conprising N\ material. 14 . The phot odi ode of

further conprising an anti-reflective filter over the entire first and
second regions, said filter conprising a first layer of silicon nitride and
a second dielectric |ayer contiguous Wth the first layer. 15 . The

phot odi ode of claim8, wherein said first and second regions forma surface

junction. 1l6regiohiberventiedinedRridnsdiahéd eahanddefiRiamptiaide Jfithééleatrid fiskicond
regions forma buried junction. .A& A&ue. A;yy. Af.FY . A& Au

2. AUL. A&! &. AafA&G@th@REJmﬂoms AsN. A As. AL. AON. AL. AF . As. Ah%

oo e o 8 LR o g
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ca] ca] ca]sca] cfaL ] cal] ca] ca] ca] ca] ca! *t P. 6fOUHbI | wr | gb] X] (]ca] cal] cal] ca
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ss10%& () - #1Q0@% Txcéltfcﬁ@‘ax{ g&:@%@‘lr( e dlkt'rlguteh %9‘4@&&( bf $n

of ) -
10%@4 () - &F10%& & ! 10‘V " () - &F10%@R
"'()-s % 10(y@pr(u):og¢ucn_cm;@e@l fbxzmog/@p (s)le @ the PN ]unctlon m the photodiode are

- 1094 (2)5' Fl%);%@é saa_rt da\(s%acx%g in t?xty@ﬁge o@about 5 to 15 microns. When the spacing
between adjacent portions of the single region is in such range, it is likely that the
electric field strength is optimized.

Fig. 9Aisa dross-sectional view of a distributed structure for one of the four
detectors A-D in Fig. 3A to illustrate another embodiment of the invention. As
30  shownin Fig. 9A, the distributed structure may comprise two sets of three cross-

shaped elements 112, where each set of three elements are connected together and



10@ 10@3: 310%@ () - 8YL0%@ () - 8610%@& ()- @! 10%@& () - $. 310%@& ()- O
dEYNC &-! 10%@&

S310% & ()-F10% & ()-,10% & ()-S310% & ()-&s10% & ()-", 10% & ) apR 2fch
NAEYNC & ! 10%@&

& 109 & ()-YI 310% & ()-Z10% & () - 3&10% & ()-310% & ()- ! 10% & ()- ~|2
dEYNC & ! 10%@8 S#10% & ()-! 10% & ()- & '10% & ()-310% & ()--10% & () -
10% & ()- \JAEYNC & ! 10%@& 1 10% & ()-&96! 109 & ()- )310% & ()-&
(1109% & ()-& 10% & ()-$310% & ()-: xmbC & ! 10%@#y- 10% o0& ()- 10" 10"
10" 9f 8! 10% &td 3 eGBhdUINEEt{l)cohtacl (st §hdyn)3o form a single N+ region. The two sets
109% & ()-*t dEnbC & ! 10%@89! 10% 0& () -y, Z10% 0& () - S10% o0& ()-f .
F10% o0& () - f BERItRpREsked By # distance loss §hap.twé98ﬁbt°@9-§lieﬂ/@mmﬂecpiﬂtw-w’jd.tmocy@o&- (

vgrom o ()4 FERAIATE b BRAFRS (0 mierons, b sy fopsd Bgselop 3¢

10% O.&I OER 1@%{&&'ad?le&h@%@&h@)?vp3dﬁnb@tﬂ%dr tlﬂl‘i@e ﬂﬂa&%cu& ﬁ:ﬁeld stt@igtbid () - F+GL
0%os ()5 BRI S S SRNEE QL EL A0 e oty 10
& () -bixY: /[ L}oRS Y0 enteht which may be repeated six times for the design of the

109&' ()-9F109%& () - LFt 10%& () - &$-10%& ()-fF10%& ()-M 10" o] LAE"/

10' 03Y10%&' ( photodetectoy oV FRYBA( ) - SI0%&' () -s! 109%&' () - F10%&' () - LOdE:/

Fig. 10A is a cross-sectional view of a photodetector which may be used for
any one of the four detectors A-D of Fig. 3A. As shown in Fig. 10A, the N+ region

10 comprises six circular or cylindrical portions 122 connected together by means of
abutting N+ connecting portions 122a and at one end to ar; N+ contact 126. Again,
a single cell design omitting the connecting portion 122a is shown in Fig. 10B. As
before, P+ strips 124 may be included to enhance the electric field strength.

Fig. 11 is a cross-sectional view of a quad detector (A, B, C, D) of Fig. 3A

15 to illustrate yet another embodiment of the invention. As shown in Fig. 11A, each
of the four detectors A-D comprises a single N+ region with ten fingers; five at the
top and five at the bottom, where each pair of adjacent fingers are separated by a
spacing which is in the range of Xd to 2Xd in the preferred embodiment, and
preferably in the range of about 5 to 15 microns. Between each pair of adjacent

20  fingers is preferably a P+ region to enhance the electric field between the fingers.
Fig. 11B is a schematic diagram of a single cell which may be repeated five times
in each detector for the design of the quad detector. In each of the designs of Figs.
8A-11B, the N and the P type materials may be reversed in their roles, so that P+
and N+ regions are formed in an N- epitaxial layer which has been grown from an

25 N+ substrate.

Figs. 12-19 are cross-sectional views of semiconductor substrates to show
the processing steps for fabricating CMOS devices and a photodetector in the same
semiconductor substrate, where a Vth implantation is performed on the portion of
the substrate for the CMOS devices but shielded from the region of the substrate for

30  the photodetector to illustrate the invention. Fig. 12 is a cross sectional view of a

semiconductor substrate 200 comprising an N+ substrate 202, a layer of N-epitaxial
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formed on top of the silicon dioxide layer 206. An active mask to define the nitride
layer and a PWell mask for a P field implant are employed as shown in Figs. 14 and
15 to define the silicon nitride layer and to perform a P field implant.
A photodiode active mask 220 is employed to shield a portion 204a of the
10 N-epitaxial layer 204, in which the photodiode is to be fabricated. The mask 220
shields only the region 204a of the substrate 200" where the photodiode is to be
fabricated: the Vth implantation is performed preferably on the remainder of the
substrate in which CMOS devices are to be fabricated as shown in Fig. 16. The Vth
implant is performed to adjust the threshold voltage of the CMOS devices. Such
15 shielding of the region 204a will prevent the Vth implant from affecting the
photodetector that will be formed in the region. Thereafter, the photodiode is
fabricated in region 204a by a PDP+ implant and PDPN+ implant as shown in Figs.
17 and 18. As shown in Fig. 19, a gate polysilicon layer 230 is formed on the
silicon dioxide layer 206, and a polysilicon layer 236 is also formed on the field
20 oxide region 234. Preferably layers 230 and 236 are formed in the same processing
step by means of a poly 1 mask 232. While in the preferred embodiment, the
polysilicon layer on the field oxide 234 is formed in the same processing step as the
gate oxide on the silicon dioxide layer 206, this is not required; in other words, the
polysilicon layer on the field oxide region 234 may be formed in a separate
25 processing step employing a different mask from the gate or polysilicon layer on
the silicon dioxide layer 206. As described below, this polysilicon layer 236 forms
the bottom plate of a capacitor 260.
Another silicon dioxide layer is deposited on top of the structure in Fig. 19
to form the poly 1/poly 2 oxide and gate oxide layer 242 as shown in Fig. 20; this
30  layer 242 includes the layer 206 and the additional silicon dioxide that is deposited
on top of the structure in Fig. 19. As illustrated in Figs. 20 and 21, a second
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Three metal layers M1, M2, M3 and vias 1 and 2 for contacts are then formed as

10 indicated in Fig. 25B and the antireflective (AR) coatir\lg etchback is formed as
indicated in Fig. 25C. The AR coating etchback process indicated in Fig. 25C is
illustrated in more detail in Figs. 26A-26D. Thus, after the metal and intermetal
layers are formed, a cross-sectional view of the semiconductor substrate 200" is
illustrated in Fig. 26A. Substrate 200" has a silicon dioxide layer 272 above the

15 polysilicon mask layer 248, and an additional oxide layer 274 above the dioxide
layer 272 during the formation of the different metal layers. A PD mask 276 and
photoresist 278 are employed to etch layers 272, 274, using the polysilicon mask
layer 248 as an etch stop, as illustrated in Fig. 26B. Shown more clearly in Fig. 20
is the poly 1/poly 2 silicon dioxide layer 242 between the polysilicon layer 248 and

20  region 204a where the photodiode is formed. The polysilicon layer 248 is removed,
resulting in the structure shown in Fig. 26C. As noted above, since the initial
silicon dioxide layer 206 and the layer of silicon dioxide deposited on top of layer
206 to form a combined silicon dioxide layer 242 are both well controlled, the
thickness of the silicon dioxide layer 242 is well controlled. As illustrated in Fig.

25 26D, another silicon dioxide layer is deposited on top of the entire structure of Fig.
26C. The silicon dioxide deposited on the dioxide layer 242 on top of the
photodetector region 204a bonds well to layer 242 since the polysilicon layer 248
preserves the integrity of the surface of layer 242 during the etch back process
illustrated in Fig. 26B. The layer of silicon dioxide deposited on the structure of

30  Fig. 26C together with layer 242 form a combined layer 282 of silicon dioxide as
shown in Fig. 26D. A layer of silicon nitride 284 is then deposited on top of the
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the top polysilicon plate 252 of the capacitor 260 is formed together with the mask
10 248. Preferably, i;(l reference to Fig. 16, the Vth imple\mt process is performed
during the formation of the CMOS devices prior to the formation of the
photodetector in region 204a as illustrated in Figs. 16-19.
While the invention has been described above by reference to various
embodiments, it will be understood that changes and modifications may be made
15  without departing from the scope of the invention, which is to be defined only by

the appended claims and their equivalents.
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a semiconductor substrate having a photosensitive areaon a surface of the substrate;
and
ananti-reflective filter over the area, said filter comprising a first layer of silicon nitride
and a second dielectric layer contiguous with the first layer; '
said area comprising: |
a first region of semiconductor material of a first conductivity type; and
a second region of semiconductor material of a second conductivity type forming a
PN junction with the first region;
said photodetector further comprising a device applying a reverse bias voltage across
the junction;
' wherein the first region has at least two portions that are not in contact with one
another and are spaced apart by not more than twice the one-sided junction depletion width at said

reverse bias voltage, said at least two portions electrically connected to form one side of the PN

junction with the second region,
2. The photodetector of claim 1, said second layer in contact with the area.

3. The photodetector of claim 1, said second layer in contact with the junction

to reduce leakage current.

4,  The photodetector of claim 1, said first and second layer having thicknesses
that are substantially optimized for minimizing the reflection of light at wavelengths of 650 and 790

nm.
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6. The photodetector of claim 1, further including a transparent package layer
over said silicon nitride layer, said package layer having an index of refraction in the range of 1.52

to 1.57.
7. The photodetector of claim 1, said second layer comprising silicon dioxide.

8. A photodiode comprising:
a first region of semiconductor material of a first conductivity type;
a second region of semiconductor material of a second conductivity type forming a
PN junction with the first region;
a device applying a reverse bias voltage across the junction;
wherein the first region has at least two portions that are not in contact with one
- another and are spaced apart by not more than twice the one-sided junction depletion width at said *
reverse bias voltage, said at least two portions electrically connected to form one side of the PN

junction with the second region.

9. The photodiode of claim 8, whereinthe at least two portionsare spaced apart

by not less than the one-sided junction depletion width at said reverse bias voltage.

10. The photodiode of claim g, whereinthe at least two portions are spaced apart

by not more than 15 microns.

11. The photodiode of claim 8, said photodiode further comprising a third region
between the two portions of the first region, said third region comprising a heavily doped

semiconductor material of a second conductivity type.
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14. The photodiode of claim 8, further comprising an anti-reflective filter over
the entire first and second regions, said filter comprising a first layer of silicon nitride and a second

dielectric layer contiguous with the first layer.

15. The photodiode of claim 8, wherein said first and second regions form a

surface junction.

16. The photodiode of claim 8, wherein said first and second regions form a

. buried junction.



