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Tltie. of Invention M!CROSTRUCTUR.E: ENHANCEOAiSORPTICN PHOTCSENS!l!VE Of.VlCf.S 

This applk:ation {i) claims priority tn or the benefit of an appiicafa:'.ln filed before Marro 16; 20'13 anti (2) a!50 
contains, or contained at any tfme, a clarn lo a c!tMned invenhor:l mat flris.ao: eftecti\l~ flting daie 011 or alter M1:ircn 

D 1s, 2013. 
NOTE: By qm'l!iding this statement una.er 31 Ct:R LS5 or 1.18, itMi apphcat1on, with a fitinti date on or after Matd'i 
16, 2013,wili oo examined i.J!1tlerthe first inventor to file provisions of the AIA 
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App!icafo:m Number 19/036,506 

Authorization or Opt--OutofAuthori1:ation to Permit Access: 

When !his App1.i.catlo0 bats Sheet ciproper!y signed and fried with the applicati00, apphcant has provided wntteri 
authority to permit a: participating fornign intenecti,iai pr9p$rty OPJ omce access to me instant apr1!icauon-0~Hilad (see 
parngraph A ln subsection 1 beiow)and the European Patent Office fEPO) .access to any search rest.:ilts from.the instant 
application (see paragraph a·1n subsection 1 below). 

Should appi1ctmt cht10s~ notJr,1 provide· an aiJthtJr!iatitJn idanHfied ki sobset:tk>n -t be!ow, applicar1t .must opt:0Mt of tM 
amhoriz:ation by checking the corresponding boi A or S or oo!h in subsection 2 tieiow: 

,NQJ!;:. This section of ttle Application Data Sheet .1s • ONl,.! re1,,,i awed and processed With -the JNlJIA~ flHng of an 
$pp!ic*ion. After the in!tia!filirig of ~r1 app!)m:1tlor1, ~n ApµiicM¾:Jn O~taSheet cannot be used to pr-ovlde m fe~cind 
authorization for access by a foreign lP office($), Instead, F<>rrn PTOISB/39 or PTOISBf69 must be used as appropriate. 

1. Authofizatlon to Permit Access by a Foreign lnteltectuat·P.roperty Office(s} 

A. f!tiruilx !Jl2'1!.!UWQ( fiaGitli!DQ~ie.WQ- JJniess box A in suosectioi1.2{opt..:out of autnorization) is cl1ecked,, Ule 
unciei;sit~ned !'m1aby !JUil'Jl& ttl~-1!§.eIQ i!J!b2Cit¥ to pritv1.df!lh1;i Ew•pean Patent Offit:a fEPO}, tl1e Japan Patent Office 
{JPO), the Kore.an inte!lactua!Property Office (KIPO}, the State lr1tellechlat Property Offlc.e of the People's Republic of 
Ctlirra {SIPO), the world lnteHettw.el Property Ot9ar1izatiof'l f\NIPO), anct a11y other foreign inteae-ctrn3J pfoperty office 
partlcipatlng With the USPTO in a bilateral onnuiti!atsrnL prio,,itydocurnent exchange agreement !11 which a foreign 
application claiming priority tp. U·'1&t ;nstant patent app!icatiori is filed, access to: fl) the ir1sfar1tpatem appilcati◊n'""asAilet:l 
and its related bibliographic cta.ta, (2) any foreign or dorneshcapplication to Which priority or benefit is claimed by the 
instant appllcetion afKl its related bihliograpr1ic:data, -and (3) the date of filing otthls Autnoritation. Se$ 37 CPR 1_ 14(h) 
( 1). 

B. leun,b.Re1MU$J.tru.11~APPlif.cmiw.U.Q,.e.aQ • Unless box 8 in sunsecuon 2 (opH:iutofatJthori.tat!on) Is checked, 
the undersigned hereby m:§Ul~ ltw Uaf'..IQ..A!JlbQ.tit\t. to Pro~idB tr1e EPO access to the bibliograpr1ic date and. searc,h 
results from the instant pa!entapp!ication wnen a European palentapphcation claiming priority to the instant patent 
application ;,s rnsd. Sefl 37 CFR 1, 14(11)(2}, 

The applicant ts rfJm;nded U1at me EPO'.s Ru!iil141 (l J EPC( European Pateritconvt;intioriJ reqwiras app!icants lo submit a 
copy of se.arnn results from the instantapp!icauon WithoiJt delay ln a !:tiropean patent appllcation that claims priority to 
the ii1stant apphcat,6ft 

2, Opt--Out of Authorizations tc:> Permit A~cess by a Foreign tntetfeetual Property Office(s.) 

A, Applicant ~Qiau!Jlorize the USPTOto pe,rr:H a par1iclpaUng foreign !P office access to !11e instant 
D applicatirnH1s~rner1 IHhis tiox 1s chei::,Ktsd, the USPtowm nor be provi(ting a partJtlpaHng foreign IP oHice with 

any tK.-icuments and lnfmmafiM idenUflet1 in su-bsectlon 1A above. 

B Applicant ggg§ NQ)tant11ori:ze tha USPTOto transmit to tne EPb any search results from the .instant patent 
D appJiCatlon. lf this btJx is cnecked, the USPTO wm not be providing the EPO With search resuit:<S from the instant 

application, 
NOTE: Once the applir-.ation has published or is otherwise putJ!icly available, the USPTO may provkle :ar.:eess to the 
app)1.cation in accordance with 37 • CFR 1 .14, 
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Attorney Por.:ket NumtJer 309·001SUSCIPDIV2 
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AppHt:aHon Number 1 ~/036,506 

Tll!e oHrwention MICROSTRUCTLiREENHANCEfJ AQSORPT!ON. PHOTOSENS!TlVE: DEVICES 

Applicant Information: 

Pmvioing a!,,signrnent lnfofmatiOn in U11s sedion t;!oes nol s-1:ibsbtule for compliance with any requirement of part 3 of Title 31 of CFR 
to h{;.lve an assi1Jnrnl:;!11t rep,m'dl;!CI by itle Omc:e. 

Applicant 1 
lf the appltCl'iflfis the jj111entor (or thetemalnir,gjoirit inve:iitotor ifWE!OlOfS urider37GFR l45l. this sefakfr; ilhould riot he corr,p.!etei:f 
The information. to be ptovida.d iii this secFon 1s the narna and address of!he legal representative who 1s the app!icani Wider37 CFR. 
1.43; or the name an<J acif.lress of the assignee; peisoo to wnom the mventoris under an obligation to assign the 111~er.tio11, or petsotl 
\i'mo tJlh-eiwise .shOW?S s1.11fo:oieni prt.-ipriet~ry lf1il;!rest·in the rnotter wtio 1~ itl~ ~pplia)nt under J7CFH 146. If the ~pplfoiint is (m 

applicant 1,mder 31 GFR 1 46 (a$signe:e, person t<i whorri tM inventor ii:; (Jtil!galeid to as~igr., or peraofi who otherwise sno-ws sufficient 
propnelary lntere~t l · together with one or more joint immntors, !hen the folnt inventor or m"'eritors \¥ho are also the applicant should be 
identifled in ltiili sec!itm, 

f:C) Person who shows sufficient pmprielary interest 

If apphr.ant is the iega! representative, indicate the aulhoiity to 1He the patentapp!ic:ation, the inventor is: 

Name of the Deceased or Leg8i!y Incapacitated lni.<entor: I 

Mailing Addre$sJnformatipn f.or A.pplicant: 

Address 1 

City StatefProvince 

Country f us Postal Code 

Email Address 

Assignee Information including Non--Applicant Assignee lnforrnaUcu1: 

Provdr:g assignment k1formation in this.section does not s~ibstitute for crJrnp!iarice wlth any requirement of part 3 of Title • 
31.of CFR to t1av~ an ass1gr.,:nent reciJitied oy me .Office, 
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Attorney Docket Number J09~001susc.1Po1v2 Application Data·Sheet 37·CFR.1.76 ~---_..... __ --+ __ _..... ________ ----i 
App!icatkm Numbet 19/036.506 

Title of lnventron MICROSTRUCTURE ENHA~CED ABSORPTION PHOTOSENSfflVEDEVICES 

Assignee 1 

C&np!aia !his se.cUoo ifa!S:sigriee ii:lfrnmat/ori, lhdt)rjlrtg f\0!1·'/::IPPlii:;anl assig~ it1forrnati<ii, ~ d$.$!fl!!O t{J t~e i!'!t!~tded otdhe ¢1ateot ••• 
,:1pplic.atlon publlcation, An assignee-apptk:anl identified ifrltie ''Appifo-ant Information'' sectibn wilt appear on the patent application 
p~Plicatli:lri ~~ an applicant F,;,r an es~i901,i-1;M3ppucant, <:ornpl:eti !hi$ sei;iti:On only If k!enllficaN:m as: an as!:!iijn~ is also ~eslreo on th~ 
~tf:!ot app!iC1;1tior1 publlc~tian. 

Given Name Family Name 

Mamng Address information For Assigneelt1c1Uding Ntm-Applicant Assignee: 

Address 1 

Address 2 

City f State/Province 

Countryi ! 
Phone Number Fax Number 

Email Address 

Additional A$$ignea ot Nm1--ApplicantAssignea oats may oege11erated within th\sform by 
selecting the Add button. 

Signature: 

□ 

Suffix 

NClTE: Thl;s: Apµlicatipi1 Data Sheet rnwst be signed in a.coordsnce. wttri 37 CPR 1,.3S{b ), Howe\!er, if this AppUcaUcm 
Oats Sheetis • submitted with the• IN.tOAl filing of the application mw either bo>t A or B ls D.Qt checked in 
subsection 2 of the 1tAuttuJrization or Opt.Out of Authorization tQ Permit Access" section, then this foffl1 musl 
also be signed 1n aecordan~ with 31 CFR 1.14(c). 

This Application Data Sheet ro~t oo signed by a f.)atent prac@oner if one or more ofthe sPJJ!it.ants is a judstic. 
entity (£Lg,, corporation or association}, If the applicant 1s l\ivo or m◊ttl JoioUnventors, mis form must oe signed oy a 
patent practitioner, aU jOirit irwentor-s wno arethsappHcant, ••one.Qr more 10intir1veritot-appHcants wt10 have been given 
pooerof attorney (e,g,, see USPTO Form PTOIAlA/81) on behalfof l!t jOintiMentor-applicants. 

See 37 CFR 1.4(d) for the rnsrmer of making signat1o1res aod certitlt>.ations. 

2026~1--27 

2025 .. 9 4--24 
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• App!1catior: Number 19/036,506 

-this coilecnon of mforma~ion is required b}i •3 7 CfR 1- 76 Ttie lnf{;lrmauon is required to: ®tain or retan'l a oenefiMJy the puolieWtii.ch 
is to tile Hlhdtiylhe USPTOlo. prooosiJ :ar, app!ic:atiQn. contloen11~t~ is go\iernecl tit is v.sc:. t;W ~no -:?/1 CfR 1 .. 14 This 
~o11eclion is estitnaietj to take ?:3 rtdtiiJlia!$ tp ,:~ornpiete, ff1cli..li:lir1g 9atl$'ing, preparing, aM S!jlJfri1tll119 the cofr1pl!2!ied app!lt;a:Mn tfota 
sheet form lo the USPTO. Time w!U vafy d~11ctir1g upon the irn;iividuai i::ase. Any ::omrnenls qr, the amount of lime you ri:lquife to 
complete lnis kirm an.mor suggeslions for re::k1dng lhis burden, snOl.ild be sail· to tM Chief 1rm1rrn-i;ibon Officer, U .s. P$tenr .i:lfld 
li$ljemark Offi~, u.s. Qep$rlment6f C:om~r~, P Q, Ho~ 1450 N~i<.wtctrt.":1,\lA 2l313...14f:il)_ DO NOT .$t;iN!) H?:£':$ OH 
COMPLEiEO.fORMS TOlHISADORtss SEND !Or Commts$lonedor P~t~t'!t$, p;q, Box 1400, Ale>candtia, VA 2231~,14SO, 



Privacy Act Statement 

·11-,R Vit\1<1cj ¾.I of 1W4 WL 9.J·-fl'W r<,~1Jrrs'5 l.t1~tyO<.i bt:'? gh<P.ii ~~t~i(< ii)k;1i1x11\,11»1 in wrs1,tl<.'.Ho~, wM•:to,tr ~t,t~>)i~liioi1 of th~ ~Ha,t,i,'l.i fotm rtta(td ~'-' « r,,wmi 
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fa J~ U5.(.. Jfb)f;'}; f2) fo1>1ishii.i9 <A fr,..,, ink;n1'tflti<irr ~<.i!kltii?J i~ >1(i!w1t\kfi fln';i (Ji tJw pfo1dp1>! p<.ir,)<J%'. lcr1!1!1'ic:J1 (hf.' ii~form«tk.1P ft ,s~d by t!'1<~ iJ.!'!. PJtt.:!Jt,i(i<.: 
·1r.od::::r1;'-!•k <Jtlin>. h \.llpr<:.x.::::,~ ;;,rir.ltqr l:'~ami1,1,•yo;:,n«b•1h,iq11 n,i!i'll<2-:rtr,1 a p>.:<ter<\;;cpplk<1li,21~ i;1 petr,<nt,. lf )'tli; tk1 ,wi.h>rn,:;h !h;,, t~'<W!:'}l.~•t~ l1i/p1rn~ti(Jn. !h\'1U. 'i< 
f'm:~:'1',1 Md ·h-to(:h:'!'l's,,A (}f!i:r0. q',i;J t'l◊r. l,t! .ib!0. w, pmn::1;5 r,ndJor '-";,:m1,io'-" ~i,t ~ti!';nj, ~Si<.iii;_ wMd, rn:ai 1<:':~td.l ,r \<'.~'n)ii':Mk'f' nf p«~<i:~t-ding~. ,1r 1!:h~:)tio:1,-ri,:,1)t M 
it,e: «ppik'3tior, ,.::r,.,.xp;.ratk,n ,.,rthici:>J.!I4flt. 

; il\:~r infi1rn1&tii;n ::tn thi~ ki:1)'.' WiH b'-" \ri:';:iWd (Qr,!idP.i\f!«ll}i tdth>':' f!Kl€'r-.t i!liOw,',i \,r,d~r /hi~ J,~!;!l':l,;,:n, i.llk\.foriYi,11.i,X, An}S ;) -~-C.5§2) :ir.d th«• Vmi«tli 
A<;i. {5 U:SK, S':i::<a), lte,o:lidiS frNi1 th,~ ;y~w,,1 ti! retord~ m,,'f I:>~ ct,~do,0.d to thei-i),~p,~rtrMnt ,;;! .fo1!i<:r.-r.0 clet:~ffi'iii«~ whr.1J1,~f 1hi~ h'r.r.dr,m id 
1nfoiw1,s\i,m A,i <'~N<>=i"'~ ,fr,dNtirfl pl' itw;i:i i<::'tqrl'J,;. • 

·2'. A r~~roffJ: ~:,'.t'Jin ~hi~ -~i~tw·r 6f ·1t-~~·cr()~ :-n~~ t;:.i:- di~t:'~t)-$c::;""d. ~s. r1 ·{tJt.:~i-f~(~ tf~t~,.1~1-H:f~ ~:!)~rr~~{: ti (~r(..-'.~i:r1tkt{] (:~b-1eru,~-t:": ·tc;,. a ({'°;~rt (n~:gh:t:~·fi?:f', !.(~- ~-;.~1f·:-~ln~:-.tr,~~hh~ 
fribun,'>t ii<(fo{.ii,1rJ rfa<:ir.:<,i)(l:'~ t,) 0Rf'.,1◊~ibg .(.J,x.i,iWH'l {h',' (◊~lf~o'! <;f '>!3':.\k(rl<.:'!)( {<f.;":)(j!ii.itfori'>. 

J f\ f<~,wi1 in ·ihh ?!Sf~r,) tW f1it·Qc,.'h 111.iy tir <.Ji~dme1j, <1~;:: r◊titiN' <.,w~. tn i'! MP.mbi,r pl Cq,)rJre% $ubrniltin9<1 rt'.(ft«J~i in,,oh.1ini1 «i) tm:livk°ltJ;J!, \q w!mm 
t!:l<:' rei'.iJid pi",Hilti:<'., wht:,'l lh&1t,;Ji~id~,iil hr,,. i->?que~i~d r,~$iSl:iHkt', froiil. lheH1h',inbi':•twW'l i<:'Sp<:'n t,;i r.M·$uhj<:'Cr. !~1,1t{C:'l' ,;fr.he r~<r,01cl, 

4. f\ rt,(1rd if- thi~ Wttfi''rii ,Jf ri;,f<:ird<, ;-n:fy tw d,~tk1sfi'·d; ~$ ,1 r<>(:tin~\ tl'i<f.\. id ,) ,6(M-,'i(;i<>i: ,lf 11)e s\9.-~·,ry t<>'l~ing r<fi'<id it~- !h~\ kifomi&faJr: if: <.,rdN· t<> p,\rfi:lrm 
il ;-(mt: «(.t. R(:<(;ipir.til~ f,f ,n!o,,·n&\i(s(: !>b,-iii t>R !t/f'illii,!d m t(':fi:-,plyv,nth ~hi! rr.-:·w.,,ii:'-im:n(~ i.l! tt<':.' faii!-ii!'.~ An Qf rnY<l .. .'l~ .'3:/1'\(f(li:l;;d, P,,.if~t,ili'Sl ln::, (!:S.C. 
S:12'c'!(n1), 
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Doc code: RCEX 
Doc description: Request for Continued Examination (RCE) 

PTO/SB/30EFS (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
19/036,506 

I 
Filing I 2025-01-24 

Docket Number 
309-0015USCIPDIV2 

I 
Art 

I 2893 Number Date (if applicable) Unit 

First Named 
Shih-Yuan WANG 

Examiner 
Eduardo A. Rodela 

Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

lg] Enclosed 

□ Amendment/Reply 

□ Information Disclosure Statement (IDS) 

□ Affidavit( s )/ Declaration( s) 

lg] Other Renewed Petition to Accept an Unintentionally Delayed Claim Under 35 U.S.C. §119(e) (37 CFR 1.78 (c)) and 35 U. 
S.C. 120 (37 CFR 1.78 (e}l for the Benefit of a Prior-Filed A~~lication 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

□ Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 
lg] The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No 600125 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

lg] Patent Practitioner Signature 

□ Applicant Signature 

EFS - Web 2. 1.16 



Doc code: RCEX 
Doc description: Request for Continued Examination (RCE) 

PTO/SB/30EFS (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Signature of Registered U.S. Patent Practitioner 

Signature /Gerard M. Wissing/ Date (YYYY-MM-DD) 2026-01-27 

Name Gerard M. Wissing Registration Number 36309 

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

EFS - Web 2. 1.16 



Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be 
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information 
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office 
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information 
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need 
for the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, 
pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may 
be disclosed, subject to the limitations of 37 CFR 1 .14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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P.O. Box 1450 
Alexandria, VA 22313 -1450 

www.uspto.gov 

ELECTRONIC PAYMENT RECEIPT 

APPLICATION# 

19/036,506 

Title of Invention 

RECEIPT DATE/ TIME 

01/27/2026 04:23:06 PM Z ET 
ATTORNEY DOCKET# 

309-0015USCIPDIV2 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 4276 

PATENT# -

FILED BY Mary Ellen Finnegan 

PATENT CENTER# 74171877 AUTHORIZED BY Gerard Wissing 

CUSTOMER# 139982 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
CARD/ 8026 

PAYMENT TRANSACTION ID 
E20261 QG23598212 

PRE-AUTHORIZED CATEGORY 

FILING DATE 01/24/2025 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

PAYMENT AUTHORIZED BY 
Mary Ellen Finnegan 

PRE-AUTHORIZED ACCOUNT 

600125 37 CFR 1.21 (Miscellaneous fees and charges) 

FEE CODE 

2056 

2801 

DESCRIPTION 

FILING AN APPLICATION OR 
PRESENTATION OF BENEFIT 
CLAIM MORE THAN NINE YEARS 
AFTER EARLIEST BENEFIT DATE 

REQUEST FOR CONTINUED 
EXAMINATION (RCE) - 1ST 
REQUEST (SEE 37 CFR 1.114) 

ITEM PRICE($) 

1600.00 

600.00 

QUANTITY 

TOTAL 
AMOUNT: 

ITEM TOTAL($) 

1600.00 

600.00 

$2,200.00 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 
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New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION# 

19/036,506 

Title of Invention 

RECEIPT DATE/ TIME 

01/27/2026 04:23:06 PM Z ET 
ATTORNEY DOCKET# 

309-0015USCIPDIV2 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 4276 

PATENT CENTER# 74171877 

CUSTOMER# 139982 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

309-
0015USCIPDIV2 Renewed 
Petition Filed 27 Jan2026 Fi - - -
nal.pdf 

309-
0015USCIPDIV2 Corrected - -
ADS Filed 27 Jan2026 Fi - - -
nal.pdf 

309-
0015USCIPDIV2 RCE Filed - -
27 Jan2026. pdf 

Digest 

PAGES 

3 

37 

3 

PATENT# -

FILED BY Mary Ellen Finnegan 

FILING DATE 01/24/2025 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

AUTHORIZED BY Gerard Wissing 

TOTAL DOCUMENTS: 3 

DESCRIPTION 

Petition for review by the PCT 
legal office 

Petition for review by the PCT 
legal office 

Request for Continued 
Examination (RCE) 

SIZE 
(KB) 

105 KB 

5053 KB 

1628 KB 



DOCUMENT 

309-
0015USCIPDIV2 Renewed Pe 
tition_Filed_27 Jan2026_Final.p 
df 

309-
0015USCIPDIV2 Corrected A 
DS Filed 27 Jan2026 Final. - - -
pdf 

309-
0015USCIPDIV2 RCE Filed - -
27 Jan2026. pdf 
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MESSAGE DIGEST(SHA-512) 

77A862A8D85AE4A300FB2AD95609834FCEE6C887B976DB1E 
3E20C2CB2CB8F5CC897FE1C4FB99B42B3A7979F810AA568F 
EB4BAC59720240CE7EBD453ECDB7CCEC 

6100A81FF7862E5EE905COCE9D82038899069513AC0487AC9 
8EBOE8DBOD906627F04F037F23F3221F7D82613417BD4B809 
4C78999C578A79CC9A5C87CE57333A 

6372399FA018798A6EEOC25BBFCE210A7E50700F8174CF3AF 
565BBA482547D640893DFD5EE553B6BOF01ADBOF63DC0018F 
B7751DBCA4583221C06A508AFF3373 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

19/036,506 01/24/2025 

139982 7590 01/16/2026 

Wissing Miller LLP 
31 Hudson Yards, 11th Floor 
New York, NY 10001 

FIRST NAMED INVENTOR 

Shih-Yuan WANG 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

309-00 l 5USCIPDIV2 

CONFIRMATION NO. 

4276 

EXAMINER 

RODELA, EDUARDO A 

ART UNIT PAPER NUMBER 

2893 

NOTIFICATION DATE DELIVERY MODE 

01/16/2026 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address( es): 

WMDocket@wissingmiller.com 

PTOL-90A (Rev. 04/07) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

Wissing Miller LLP 
31 Hudson Yards, 11th Floor 
New York, NY 10001 

In re Application of W&WSens Devices, Inc. 
Application No.: 19/036,506 
Filing Date: January 24, 2025 
Attorney Docket No.: 309-0015USCIPDIV2 
For: MICROSTRUCTURE ENHANCED ABSORPTION 
PHOTOSENSITIVE DEVICES 

DECISION 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA22313-1450 

www.uspto.gov 

This is a decision on the petition under 37 CFR l.78(c) and (e), filed November 14, 2025, to accept an 
unintentionally delayed claim under 35 U.S.C. l 19(e) and 120 for the benefit of priority to one or more 
prior-filed provisional and nonprovisional/international applications, and the petition under 3 7 CFR 1.182 
to expedite consideration of the petition under 37 CFR 1.78 filed on January 05, 2026. 

Under the circumstances present here, applicant's petition under 37 CFR 1.182 to expedite consideration of 
the previously filed petition under 37 CFR 1.78 is appropriately GRANTED. 

Under 37 CFR l.78(c) and (e), a petition to accept an unintentionally delayed claim under 35 U.S.C. 119 
(e) and 120 for the benefit of a prior-filed application must be accompanied by: 

(i) the reference required by 35 U.S.C. l 19(e) and 120 and 37 CFR l.78(a)(3) and l.78(d)(2) to 
the prior-filed applications, unless previously submitted; 

(ii) the petition fee set forth in 37 CFR 1.17(m) and the applicable fee under 37 CFR 1.17(w); and 

(iii) a statement that the entire delay between the date the claim was due under 37 CFR l.78(a)(4) 
and (d)(3) and the date the claim was filed was unintentional. The Director may require additional 
information where there is a question whether the delay was unintentional. 

With regard to item (i), the revised application data sheet (ADS) filed with the present petition lacks a 
proper signature as required by 37 CFR l.76(e). The ADS therefore cannot be entered. 

Moreover, as set forth in MPEP 21 l.0l(b), Section II., "Benefit Claims to Multiple Prior Applications"," 
Sometimes a pending application is one of a series of applications wherein the pending application is not 
copending with the first filed application but is copending with an intermediate application entitled to the 
benefit of the filing date of the first application. . . . Appropriate references must be made in each 
intermediate application in the chain of prior applications." Here, not all benefit claims that applicant seeks 
to enter are present in each of the intermediate applications. For example, the revised ADS filed with the 
present petition includes references identifying international application number PCT /US2018/043289 as a 
continuation of application number 15/798,821 and indicating that PCT/US2018/043289 claims benefit of 
a number of provisional applications. However, these benefit claims are not present in intermediate 
application number 18/822,880. Before a revised ADS can be entered herein, applicant must insure that 
appropriate corresponding benefit claims are present in each of the intermediate applications. It is also 
noted that the revised ADS includes some duplicative benefit claims. For example, the benefit claim 



identifying application number 18/113,474 as a division of application number 17/707,429 and the benefit 
claim identifying application number 17/182,954 as a division of application number 16/528,958 are listed 
twice. 

In view of the above, item (i) of a grantable petition is not satisfied on the present record. 

With regard to item (ii), the petition fee set forth in 37 CFR 1.17(m) has been submitted. However, the 
present petition seeks to add a series of benefit claims, with the oldest non-provisional application having a 
filing date of May 22, 2014. Because the filing date of the earliest non-provisional benefit claim is more 
than nine years prior to the filing date of the present application, the additional fee under 3 7 CFR 1.1 7 ( w) 
(2) is also required (currently $1,600 for a small entity). Applicant has not paid this fee. Item (ii) above is 
therefore not satisfied on the present record. 

With regard to item (iii), the petition contains a proper statement of unintentional delay. 

For the reasons above, the petition under 37 CFR l.78(c) and (e) is DISMISSED without prejudice. 

Any further correspondence with respect to this matter may be filed electronically via Patent Center, 
selecting the document description "Petition for review by the PCT Legal Office" or by mail addressed to 
Mail Stop PCT, Commissioner for Patents, International Patent Legal Administration, P.O. Box 1450, 
Alexandria, Virginia 22313-1450, with the contents of the letter marked to the attention of the 
International Patent Legal Administration. 

/RichardMRoss/ 
RICHARD M ROSS 
Attorney Advisor 
International Patent Legal Administration 
(571) 272-3296 



Attorney Docket No.: 309-0015USCIPDIV2 
Confirmation No.: 4276 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Shih-Yuan vVANG et al. 

Application No.: 19/036,506 

Filed: January 24, 2025 

Title: MICROSTRUCTURE 
ENHANCED ABSORPTION 
PHOTOSENSITIVE DEVICES 

Mail Stop Petitions 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Examiner: Eduardo A. Rode] a 

Art Unit: 2893 

CERTIFICATE OF TRANSMISSION 
I hereby certify that this correspondence is being 
submitted through the USPTO Electronic Filing Service 
addressed to the Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450. 

Date: January 5, 2026 
/Mary Ellen Finnegan/ 

Name: Mary Ellen Finnegan 

PETITION TO EXPEDITE PURSUANT TO 37 CFR 1.182 

On October 27, 2025 the Office mailed a Notice of Allowance in connection with the 

above-identified Application. On November 12, 2025 the Office mailed a Corrected Filing 

Receipt that did not recognize one or more benefit claims listed in the Domestic Benefit section 

of the ADS filed with the Application on January 24, 2025 (the "Original ADS"). Applicant then 

reviewed the benefit claims listed in the Domestic Benefit section of the Original ADS and 

noticed a typographical error in one application listed. On November 14, 2025, Applicant filed; 

1) a Petition to Accept an Unintentionally Delayed Claim Under 35 U.S.C. l 19(e) (37 CFR 

l.78(c)) and/or to Accept an Unintentionally Delayed Claim Under 35 U.S.C. 120, 121, 365(c), 

or 386(c) (37 CFR l.78(e)) for the Benefit of a Prior-Filed Application, 2) a Request for 

Corrected Filing Receipt, and 3) a Corrected Application Data Sheet (the "Corrected ADS"). To 
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date, no response to the documents filed on November 14, 2025 has been mailed by the Office, 

and the Issue Fee is due to be filed on January 27, 2026. 

Due to the urgency of this matter, pursuant to 3 7 CFR 1.182 Applicant hereby petitions 

the Office to Expedite consideration of the Petition to Accept an Unintentionally Delayed Claim, 

the Request for Corrected Filing Receipt and the Corrected ADS. As noted above, the issue fee 

for the Application is due on January 27, 2026 so that Applicant respectfully requests that the 

Petition to Expedite be granted and the Petition to Accept an Unintentionally Delayed Claim be 

granted and a Corrected Filing Receipt be mailed by the Office prior to the January 27, 2026 

deadline to pay the issue fee. 

The petition fee of $180.00 pursuant to 37 CFR 1.17(±) is submitted herewith. The Office 

is hereby authorized to charge any other fees that may be required in connection herewith and to 

credit any overpayment to our Deposit Account No. 600125. 

Date: January 5, 2026 

Wissing Miller LLP 
Address: (associated with Customer Number: 139982) 
Phone: (516) 901-7027 
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Application No.: 19/036,506 
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Respectfully submitted, 

/Gerard M. Wissing/ 

Gerard M. Wissing 
Attorney for Applicant 
Reg. No. 36,309 

Examiner: Eduardo, A. Rodela 
Art Unit: 2893 
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MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# -

CONFIRMATION# 4276 

PATENT CENTER# 73845348 

CUSTOMER# 139982 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

309-
0015USCIPDIV2 Petition to 
_Expedite_Filed_05Jan2026. 
pdf 

Digest 

DOCUMENT 

309-
0015USCIPDIV2 Petition to E 
xpedite_Filed_05Jan2026.pdf 

PAGES 

2 

FILED BY Mary Ellen Finnegan 

FILING DATE 01/24/2025 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

AUTHORIZED BY Gerard Wissing 

TOTAL DOCUMENTS: 1 

DESCRIPTION 

Petition for review by the Office 
of Petitions 

SIZE 
(KB) 

106 KB 

MESSAGE DIGEST(SHA-512) 

307A07319E3224017207414115E0A6D9B8F56A1125A76D18C6 
1359CB58368F2094FA809753CC5B7D0EAA1F01AD60F1FDFE3 
651293C07D39E9D6E8C14940D535C 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
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described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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APPLICATION# 
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Title of Invention 
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01/05/2026 04:53:19 PM Z ET 
ATTORNEY DOCKET# 

309-0015USCIPDIV2 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 4276 

PATENT# -

FILED BY Mary Ellen Finnegan 

PATENT CENTER# 73845348 AUTHORIZED BY Gerard Wissing 

CUSTOMER# 139982 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
CARD/ 8026 

PAYMENT TRANSACTION ID 
E202615G55297111 

PRE-AUTHORIZED CATEGORY 

FILING DATE 01/24/2025 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

PAYMENT AUTHORIZED BY 
Mary Ellen Finnegan 

PRE-AUTHORIZED ACCOUNT 

600125 37 CFR 1.21 (Miscellaneous fees and charges) 

FEE CODE 

2462 

DESCRIPTION 

PETITIONS REQUIRING THE 
PETITION FEE SET FORTH IN 37 
CFR 1.17(F) (GROUP I) 

ITEM PRICE($) 

180.00 

QUANTITY 

TOTAL 
AMOUNT: 
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180.00 

$180.00 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 
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National Stage of an International Application under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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Attorney Docket No.: 309-0015USCIPDIV2 
Confirmation No.: 4276 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Shih-Yuan WANG 

Application No.: 19/036,506 

Filed: January 24, 2025 

Title: MICROSTRUCTURE 
ENHANCED ABSORPTION 
PHOTOSENSITIVE DEVICES 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Examiner: Eduardo A Rodela 

Art Unit: 2893 

CERTIFICATE OF TRANSMISSION 

I hereby certify that this correspondence is being 
submitted through the USPTO Electronic Filing Service 
addressed to the Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450. 

Date: December 9, 2025 
/Mary Ellen Finnegan/ 

Name: Mary Ellen Finnegan 

RESPONSE TO NOTICE TO FILE CORRECTED 
APPLICATION PAPERS-NOTICE OF ALLOWANCE MAILED 

In response to the Notice to File Corrected Application Papers mailed November 21, 

2025, Applicant submits this response along with two (2) Replacement Sheets of Drawings, 

namely Replacement Sheet 37/48 and Replacement Sheet 42/48. 

The Notice identifies informalities to certain lead lines in Figs. 40 and 45. Applicant's 

representative also noticed a missing portion of the BOX/SOI 3912 in Fig. 39 on original Sheet 

37/48. 

Replacement Sheet 37/48 corrects the missing portion of the BOX/SOI 3912 in Fig. 39 

and corrects the lead line for reference numeral 4008 in Fig. 40. Replacement Sheet 42/48 

corrects the lead line for reference numeral 4500 in Fig. 45. No new matter has been added to 

Figs. 39, 40 and 45. 
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Please charge any shortfall and credit any overpayments to our Deposit Account number 

600125. 

Date: December 9, 2025 

Wissing Miller LLP 
Address: (associated with Customer Number: 139982) 
Phone: (516) 901-7027 
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Application No.: 19/036,506 
Attorney Docket No.: 309-0015USCIPDIV2 

Respectfully submitted, 

/Gerard M. Wissing/ 

Gerard M. Wissing 
Attorney Reg. No. 36,309 

Examiner: Eduardo A. Rodela 
Art Unit: 2893 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

19/036,506 01/24/2025 Shih-Yuan WANG 

139982 7590 11/21/2025 

Wissing Miller LLP 
Industrious at Hudson Yards 
31 Hudson Yards, 11th Floor 
New York, NY 10001 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

309-00 I 5USCIPDIV2 

CONFIRMATION NO. 

4276 

EXAMINER 

RODELA, EDUARDO A 

ART UNIT PAPER NUMBER 

2893 

NOTIFICATION DATE DELIVERY MODE 

I 1/21/2025 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 

following e-mail address( es): 

WMDocket@wissingmiller.com 

PTOL-90A (Rev. 04/07) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

\I\N\/W.uspto.gov 

Application No. : 19036506 
Applicant : Wang 

Filing Date : 01/24/2025 
Date Mailed : 11/21/2025 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 3 7 CFR 1. 312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Chris Harmon/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450". 

Office of Data Management 
(571) 272-4200 



Application No. 19036506 Drawings filed: 01/24/2025 

IDENTIFICATION OF DRAWING DEFICIENCIES 

D There is a hole or the image thereof within the illustration. FIG(s) 

D The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the 
drawing, such as a dark line caused by a flaw in the copying process. FIG(s) 

D An ink stamp or the image thereof obscures part of the illustration. FIG(s) 

D The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots 
in a substantial portion of the drawing). FIG(s) 

D Figure numbers are duplicated or missing. FIG(s) 

D Drawing sheet or figure is missing. FIG(s) 

D Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten. 
FIG(s) 

D The character of the lines, numbers, and letters is poor. FIG(s) 

D The drawing's background shows that the original drawing was made on graph paper or other paper with a 
pattern or decoration. FIG(s) 

D The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s) 

[X] Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference 
number. FIG(s) 40,45 

D The drawing and/or the FIG. label contain(s) foreign language. FIG(s) 

D This utility application contains a photograph of a view that is capable of being illustrated as a line drawing. 
FIG(s) 

D A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of 
the drawings in the specification does not contain ( or has not been amended to contain) the paragraph 
required by 37 CFR 1.84(a)(2)(iii). 

D This reissue application contains added and/or amended drawings that are not labeled as "New" or 
"Amended" or "Canceled" as required by 37 CFR 1.173(b)(3). FIG(s) 

D This Design reissue application contains a drawing that is labeled as "Canceled" but is not surrounded by 
brackets, or a drawing that is surrounded by brackets but is not labeled as "Canceled." See 37 CFR 
1.173(b)(3). FIG(s) 

□ OTHER: 

□ COMMENTS: 
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CONFIRMATION# 4276 
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Documents 
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TOTAL DOCUMENTS: 3 
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Applicant Response to Pre­
Exam Formalities Notice 

Drawings-only black and white 
line drawings 

Miscellaneous Incoming Letter 

SIZE 
(KB) 

100 KB 

1321 KB 

108 KB 



DOCUMENT 

309-
0015USCIPDIV2_Resp_Notice 
_ Corrected_Appln_Papers. pdf 

309-
0015USCIPDIV2_Dwgs_Repl 
ace_Sheets_37 _ 42.pdf 

309-0015USCIPDIV2 Notice re 
Corrected Application Papers 
Mailed 21 Nov2025.pdf 
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MESSAGE DIGEST(SHA-512) 

46327CDD64B47478ED291EFD40C8BD7248C4914198C97113F 
B2A3E82A2A949C3495A702568B611C4624FE3680CAACFE8D0 
683FE3A89A02391C1984678732DC02 

D4C10AA4140D5C6683C8D26C4DE86DDE95B1879DCA335061 
A18C8DAA2BED216B0B1260AB118CF8620FC5F27E4E3E4571 
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20B1417703C225B77428E7C7E4EED8ADF0587D9C104462570 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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Application Number: 19036506 Document Date: 12/09/2025 

The presence of this form indicates that the following document type was received in electronic 
format on the date identified above. This document is stored separately from the typical case 
contents which are stored in image format. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded and no paper documents or physical media exist. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access this supplemental content via Docket Application Viewer 

(DAV) or Supplemental Content Viewer (SCV). 
• External customers may access this supplemental content via Patent Center. 

Form Revision Date: March 1, 2024 
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19/036,506 01/24/2025 Shih-Yuan WANG 

139982 7590 11/21/2025 

Wissing Miller LLP 
Industrious at Hudson Yards 
31 Hudson Yards, 11th Floor 
New York, NY 10001 
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United States Patent and Trademark Office 
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309-00 I 5USCIPDIV2 

CONFIRMATION NO. 

4276 

EXAMINER 

RODELA, EDUARDO A 

ART UNIT PAPER NUMBER 

2893 

NOTIFICATION DATE DELIVERY MODE 

I 1/21/2025 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 

following e-mail address( es): 

WMDocket@wissingmiller.com 

PTOL-90A (Rev. 04/07) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

\I\N\/W.uspto.gov 

Application No. : 19036506 
Applicant : Wang 

Filing Date : 01/24/2025 
Date Mailed : 11/21/2025 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 3 7 CFR 1. 312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Chris Harmon/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450". 

Office of Data Management 
(571) 272-4200 



Application No. 19036506 Drawings filed: 01/24/2025 

IDENTIFICATION OF DRAWING DEFICIENCIES 

D There is a hole or the image thereof within the illustration. FIG(s) 

D The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the 
drawing, such as a dark line caused by a flaw in the copying process. FIG(s) 

D An ink stamp or the image thereof obscures part of the illustration. FIG(s) 

D The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots 
in a substantial portion of the drawing). FIG(s) 

D Figure numbers are duplicated or missing. FIG(s) 

D Drawing sheet or figure is missing. FIG(s) 

D Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten. 
FIG(s) 

D The character of the lines, numbers, and letters is poor. FIG(s) 

D The drawing's background shows that the original drawing was made on graph paper or other paper with a 
pattern or decoration. FIG(s) 

D The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s) 

[X] Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference 
number. FIG(s) 40,45 

D The drawing and/or the FIG. label contain(s) foreign language. FIG(s) 

D This utility application contains a photograph of a view that is capable of being illustrated as a line drawing. 
FIG(s) 

D A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of 
the drawings in the specification does not contain ( or has not been amended to contain) the paragraph 
required by 37 CFR 1.84(a)(2)(iii). 

D This reissue application contains added and/or amended drawings that are not labeled as "New" or 
"Amended" or "Canceled" as required by 37 CFR 1.173(b)(3). FIG(s) 

D This Design reissue application contains a drawing that is labeled as "Canceled" but is not surrounded by 
brackets, or a drawing that is surrounded by brackets but is not labeled as "Canceled." See 37 CFR 
1.173(b)(3). FIG(s) 

□ OTHER: 

□ COMMENTS: 



Doc Code: PET.OP 

Document Description: Petition for Review by the Office of Petitions 

PTO/SB/445 (01-25) 

Approved for use through 11/30/2027. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e) 

(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 

120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION 
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First named inventor: Shih-Yuan WANG 

Application No.: 19f036 ' 506 

Filed: January 24, 2025 

Art Unit: 
2893 

Examiner: Eduardo A. Rodela 

Title: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Attention: Office of Petitions 
Mail Stop Petition 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
FAX571-273-8300 

When filing via USPTO patent electronic filing system, use Doc Code 
PET.PCT (Petition for review by the PCT Legal Office) for applications 

filed under 35 U.S.C. 371 and/or if the reference to the prior-filed 
application(s) includes an international application or an international 
design application. In all other instances, use Doc Code PET.OP (Petition 
for review by the Office of Petitions). 

NOTE: If information or assistance is needed in completing this form, please contact the Office of Petitions at 571-272-3282. 

APPLICANT HEREBY PETITIONS FOR ACCEPTANCE OF AN UNINTENTIONALLY DELAYED BENEFIT CLAIM TO A PRIOR-FILED APPLICATION 

UNDER 37 CFR 1.78(c) AND/OR 37 CFR 1.78(e). 

NOTE: For a petition under 37 CFR 1.78(e), the above-identified application must have been filed during the pendency of the 
prior application or during the pendency of an intermediate application similarly entitled to the benefit of the filing date of the 
prior application. For a petition under 37 CFR 1.78(c), the above-identified application must have been filed within 12 months of 
the filing date of the provisional application or be entitled to claim the benefit under 35 U.S.C. 120, 121, or 365(c) of an 
application that was filed within 12 months of the filing date of the provisional application, except as provided in 37 CFR 1.78(b). 

NOTE: A grantable petition requires the following items: 

(1) the reference required by 35 U.S.C. 119(e) and 37 CFR 1.78(a)(3) to the prior-filed provisional application and/or the 
reference required by 35 U.S.C. 120 and 37 CFR 1.78(d)(2) to the prior-filed nonprovisional application, international 
application designating the United States, or international design application designating the United States, unless 
previously submitted; 

(2) the petition fee set forth in 37 CFR 1.17(m) and the applicable fee (if any) set forth in 37 CFR 1.17(w); and 
(3) a statement that the entire delay between the date the benefit claim was due under 37 CFR 1.78(d)(3) and/or 37 CFR 

1.78(a)(4) and the date the benefit claim was filed was unintentional. The Director may require additional information 
where there is a question as to whether the delay was unintentional. 

1. The required reference to the prior-filed application: 

Ii] The above-identified application was filed on or after September 16, 2012, and the reference is either set forth in the attached 
corrected application data sheet (ADS) or in a corrected ADS that was previously submitted. 

D The above-identified application was filed prior to September 16, 2012, and the reference is either (1) set forth in a supplemental ADS, 
(2) set forth in the attached amendment to the first sentence(s) of the specification, or (3) set forth in a supplemental ADS or 
amendment to the first sentence(s) of the specification that was previously submitted. See 37 CFR 1.78(h). 

Reminder: Any ADS which corrects or updates the information of record must comply with 37 CFR 1.76(c)(2) (or for applications filed 

prior to September 16, 2012, pre-AIA 37 CFR 1.76(c)). 

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an 

information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid 0MB Control 

Number. The 0MB Control Number for this information collection is 0651-0032. Public burden for this form is estimated to average 1 hour per response, including 

the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information 

collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the 

Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email lnformationCollection@uspto.gov. DO 

NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199and select option 2. 
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PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e) 

(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 

120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION 
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2. Petition fee: 

(A) For delay greater than two years: 

37 CFR 1.17(m)(l) 

D Other than a small or micro entity (undiscounted) fee$ ___ (Fee Code 1469). 

D Small entity fee$ ___ (Fee Code 2469). Applicant asserts small entity status. See 37 CFR 1.27. 

D Micro entity fee$ ___ (Fee Code 3469). Applicant has established or is establishing micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

(B) For delay less than or equal to two years: 

37 CFR 1.17(m)(2) 

D Other than a small or micro entity (undiscounted) fee$ ___ (Fee Code 1454). 

Ii] Small entity fee$ 9o4.oo (Fee Code 2454). Applicant asserts small entity status. See 37 CFR 1.27. 

D Micro entity fee$ ___ (Fee Code 3454). Applicant has established or is establishing micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

3. Statement: The entire delay between the date the benefit claim was due under 37 CFR 1.78(d)(3) and/or 37 CFR 1.78(a)(4) and the date 
the benefit claim was filed was unintentional. 

Petitioner is reminded that a change in circumstance or a delay resulting from a deliberately chosen course of action does not become an 
"unintentional" delay because, for example: 

• the applicant does not consider any patent to be of sufficient value to justify the financial expense of obtaining the patent; or 

• the applicant remains interested in eventually obtaining a patent, but simply seeks to defer patent fees and patent prosecution 
expenses. 

NOTE: Where the petition under 37 CFR 1.78(c) and/or 37 CFR 1.78(e) is filed more than two years after the date the priority or benefit 
claim was due, the United States Patent and Trademark Office requires an additional explanation of the circumstances surrounding the 
delay that establishes the entire delay was unintentional. This requirement is in addition to the requirement to provide a statement that the 
entire delay was unintentional. See Clarification of the Practice for Requiring Additional Information in Petitions Filed in Patent Applications 
and Patents Based on Unintentional Delay, 85 FR 12222 (March 2, 2020). See MPEP 711.03(c)(ll)(C)-(F) for additional guidance on the 
information required to establish that the entire delay was unintentional. 

D Because this petition under 37 CFR 1.78(c) and/or 37 CFR 1.78(e) is being filed more than two years after the date the priority or 
benefit claim was due, additional explanation of the circumstances surrounding the delay that establishes the entire delay was 
unintentional is enclosed herewith. Note: If this box is checked, section 2A must also be completed. 

Reminder: Presentation of a benefit claim may prompt a requirement to pay the continuing application fee set forth in 37 CFR 1.17(w), if 
the actual filing date of the application is more than six years after the earliest benefit date. See 37 CFR 1.78(d)(3)(i) and 37 CFR 1.17(w). 
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WARNING: 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to 
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or 
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the US PTO to support a petition or an 
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider 
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the 
record of a patent application is available to the public after publication of the application (unless a non-publication request in compliance 
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also 
be available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit 
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly 
available. 

/Gerard M. Wissing/ November 14, 2025 
Signature* Date 

Gerard M. Wissing 36309 
Typed or Printed Name Registration Number, if applicable 

Industrious at Hudson Yards, 31 Hudson Yards, 11th Floor (516) 901-7027 
Address Telephone Number 

New York, New York 10001 
Address 

* This petition must be signed in accordance with 37 CFR 1.33. Please see 37 CFR 1.4(d) for the signature requirements. Submit multiple 
forms if more than one signature is required. 

Enclosures: 

Ii] Application Data Sheet (see instructions starting on page 4) 

Ii] Fee (along with supporting documentation, if required) 

D Other: 

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)] 

I hereby certify that this correspondence is being: 

D Deposited with the United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope 
addressed to: Mail Stop Petition, Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450. 

Ii] Transmitted by the US PTO patent electronic filing system or by facsimile to 571-273-8300, to the US PTO on the date shown. 

November 14, 2025 /Gerard M. Wissing/ 
Date Signature 

Gerard M. Wissing 
Typed or printed name of person signing certificate 



Instructions for Petition to Accept an Unintentionally Delayed Claim under 35 U.S.C. 119(e) 

(37 CFR 1.78(c)) and/or to Accept an Unintentionally Delayed Claim under 35 U.S.C. 120, 
121, 365(c), or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application 

(Not to be Submitted to the USPTO) 

When filing electronically via the USPTO patent electronic filing system, use Doc Code PET.PCT 

(Petition for review by the PCT Legal Office) for applications filed under 35 U.S.C. 371 and/or if the 

reference to the prior-filed application(s) includes an international application or an international 

design application. In all other instances, use Doc Code PET.OP (Petition for review by the Office of 
Petitions). 

1. The reference required to the prior-filed application: 

a. For applications filed on or after September 16, 2012, the reference must be set forth in a 

corrected application data sheet (ADS). See 37 CFR 1.76. 

Note: Any ADS filed after the filing of the application is considered a corrected (or updated) ADS 

even if an ADS was not previously submitted. A corrected ADS must identify the information that is 
being changed with underlining for insertions and strike-through or brackets for text removed. In 

general, the identification of the information being changed should be made relative to the most 

recent filing receipt. For example, where the most recent filing receipt for the application shows no 

benefit claim, the entire benefit claim must be shown with underlining in the corrected ADS. In 

addition, if the ADS identified an incorrect provisional application number and the most recent filing 

receipt included the incorrect provisional application number, the corrected ADS should identify the 

incorrect provisional application number being deleted with strike-through or brackets, and should 

identify the correct provisional application number being added with underlining. For more 
information regarding a corrected ADS in an application filed on or after September 16, 2012, see 

MPEP 601.0S(a), subsection II. 

A corrected ADS may include all of the section headings listed in 37 CFR l.76(b) with all appropriate 

data for each heading or only those sections (including the section headings) containing changed or 

updated information. See 37 CFR 1. 76(c)(2). A corrected ADS must identify the application by 

application number and be properly signed. 

Use of the corrected Web-based ADS is recommended for registered users of the USPTO patent 

electronic filing system because it will pre-populate with information of record; applicants can then 

type in the desired changes, and the system will create a PDF version with the appropriate strike­

through and underlining. For more information, see the Quick Start Guide for "Application Data 

Sheet to Update and/or Correct Information" available at https:/ /www.uspto.gov/sites/default/ 
files/documents/Corrected-WebADS-QSG.pdf 

Applicants may also use Form PTO/AIA/14, which may be printed and marked up to comply with 37 

CFR l.76(c). 

[Page 4 of 5] 



Instructions for Petition to Accept an Unintentionally Delayed Claim under 35 U.S.C. 119(e) 
(37 CFR 1.78(c)) and/or to Accept an Unintentionally Delayed Claim under 35 U.S.C. 120, 

121, 365(c), or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application 

(Not to be Submitted to the USPTO) 

b. For applications filed before September 16, 2012, the reference to the prior-filed 

application may be made in a supplemental ADS in compliance with pre-AIA 37 CFR l.76(c) or in an 

amendment in the first sentence(s) of the specification following the title. See 37 CFR l.78(h). 

Note: For applications filed before September 16, 2012, any ADS submitted after the filing date of the 

application is a supplemental ADS, regardless of whether an original ADS was submitted with the 

application papers on filing. Supplemental ADS papers must be labeled Supplemental ADS or 
Supplemental Application Data Sheet, include each of the seven section headings listed in pre-AIA 37 

CFR 1. 76(b) with all appropriate data for the section heading, and identify the information that is 

being changed. See pre-AIA 37 CFR 1. 76(c). A supplemental ADS must also identify the application by 

application number and be properly signed. For more information regarding a supplemental ADS in 

an application filed before September 16, 2012, see MPEP 601.05(b), subsection II. 

2. Petition fee: 

The petition fee is set forth in 37 CFR l.17(m) and must be included with the petition. Petitioner is 

advised to refer to the current fee schedule at htt[=!s:/ /www.uspto.gov/learning--and-resources/foes­

and-oayment/uspto-fee-schedule. 

Note: Effective January 19, 2025, presentation of a benefit claim under 35 U.S.C. 120, 121, 365(c), or 
386(c) may prompt a requirement to pay the continuing application fee set forth in 37 CFR l.17(w), if 

the actual filing date of the application is more than six years after the earliest benefit date. See 37 

CFR l.78(d)(3)(i) and 37 CFR l.17(w). 

3. Statement: 

37 CFR l.78(c) and 37 CFR l.78(e) require a statement that the entire delay between the date the 

benefit claim was due and the date the benefit claim was filed was unintentional. The required 

statement(s) is included in this form. 

Note: the Director may require additional information where there is a question whether the delay 

was unintentional. 

[Page 5 of 5] 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. The United States Patent and Trademark 
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO's system of 
records is used to manage all applicant and owner information including name, citizenship, residence, post office 
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/ 
owner's activities in connection with the invention for which a patent is sought or has been granted. The applicable 
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-? Patent 
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013). https://www.govinfo.gov/ 
content/pkg/FR-2013-03-29/pdf/2013-07341 .pdf 

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that the system 
of records indicates a violation or potential violation of law; 2) a federal, state, local, or international agency, in response 
to its request; 3) a contractor of the US PTO having need for the information in order to perform a contract; 4) the 
Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires disclosure of the 
record; 5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the 
individual has requested the Member's assistance with respect to the subject matter of the record; 6) a court, magistrate, 
or administrative tribunal, in the course of presenting evidence, including disclosures to opposing counsel in the course 
of settlement negotiations; 7) the Administrator, General Services Administration (GSA), or their designee, during an 
inspection of records conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA 
regulations and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make 
determinations about individuals; 8) another federal agency for purposes of National Security review (35 U.S.C. 181) and 
for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of Personnel Management (OPM) for 
personnel research purposes; and 10) the Office of Management and Budget (0MB) for legislative coordination and 
clearance. 

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine 
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration of 
the patent. 
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Attorney Docket Number 30H-0015USCIPDIV 2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The application dala sheel is part of lhe provisional or nonpravisional applica!ion for which it is being submitted. The fallowing form contains the 
bibliographic data arranged in a format specified by !he United Slates Patent and Trademark Offioo as outlined in Jii' CFR 1.16. 
This document may be completed eleciranica!ly and !iiUbmitled to !he □mre in elec:!ronii:: fomrnt! using !he Eledronlc Filing Syslem (EFS} or the 
dowment may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.} 

Inventor Information: 

Inventor 1 [: ae@iMF .,.,.,,,,,,•,·,·,;.;-:-:,:,;.:,;,: l 
legal Name 

Prefix Given Name Middle Name family Name 

Shih-Yuan WANG 

Residence Information (Select One) @ us Residency 0 Non US Residency 0 Active US Military Service 

City Palo Alto I State/Province I CA I Country of Residem:d I us 

Mailing Address of Inventor: 

Address 1 ~ 
l 766 Encina Grande Drive 

Address 2 [ 
City I Palo Alto I StatelProvince I CA 

Postal Code I 94306 i Countryi I us 

Inventor 2 [; ~trnmi~f] 
Legal Name 

Prefill Given Name Middle Name Family Name 

Shih-Ping WANG 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Los Altos I StatelPmvince I CA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 ~ 
:: 38 Third Street, Suite 307 

Address2 l 
l 

City I Los Altos I State/Province I CA 

Postal Code I 00422 l Countryi I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be [< generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

EFS Web 2.213 

;MW ) 

Suffi11 

Suffixi 
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Attorney Docket Number 309-0015U SCIPDlv2 
Application Data Sheet 37 CFR 1.76 

Application Number 119'AID36,5116 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 

Email Address 

Application Information: 

Title of the Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Attorney Docket Number 309-0015USCIPDIV'2 I Small Entity Status Claimed [21 

Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 148 I Suggested Figure for Publication (if any) I 58 

Filing By Reference: 
Oniy complete this section when ming an application by reference a.mder 35 !J.S.C. 111 tel and 37 CFR 1.57(a). Do not complete this section if 
a pplir.ation papers im:luding a sper.iik:atkm and any drawings are be1ng filed. Any dorrll2'st1r. rn:11efit m foreign primit:; information mwst be 
pmv1ded in the appropriate ~E!dion{!;) beilow (i.E!., ·oomes.til:: Be!m!fit/National Si.age Information",! rid "Fme!ign Priori!.y Information"). 

For the purposes of a filing date under 37 crn l .53(b), the desoiption and any drawings of the present application are replaced by this 
reference! to the previously filed applicatirm, subJE,d to wrn:litions and reqwire!ments of 37 cm 1.S7(a). 

App!ir.atlon number of the previously Filing dale ("t"'f'l'Y-Ml\11-DD) Intellectual Property Authority or Country 
filed appiko1titn1 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1,219) 

Request Not to Publish. I hereby request that the attached application not be published under 
D 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 

subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below, If both sections are completed the customer 
Number will be used for the Representative lnformation during processing. 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (:H CFR 11.9) 

Customer Number 

EFS Wei:! 2.2.13 
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Attorney Docket Number 309-0015USCIPOIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

filing By Reference: 
Only compi,~te thas 5ection when flling an ,!pp!irntlon byrefe~re~m:e under 35 U.S.C l 1 l (cl ,md 37 CFR 1.57(a). Do not complete, this se,ction if 
application p.aipe,rs induding a spei:ificai,ion and ,my drawings ;ne being filed. Any ,fomestii: benefit m foreign priority inform.aitkm mu3t tJe 
provided in the appmpri.aite sei:tion(s) below (i.e., "Domestic Benefit/National Stage Information• and "Foreign Priority lnform.aition1. 

rm the purpo§es of a filing date under 37 crn l .53{b}, the description and any drawings of the present application are replaced by thi§ 
reiference to the pre,viously med applirntim1, subject to rnnditions and requireiments of 37 CFR 1.S7fa). 

Application number of the previously Filing date (YYYY-MM-DO) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another rountry, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

> ,_ 

Representative information :should be provided for al practitioners having a power of attomey in the application. Providing 
this information in the Application Data Sheet doos not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number wil be used for the Representative Information during processing. 

Please Select One: ® Customer Number I Q US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 139982 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C .. 119(e), 120, 121. 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status Pending fatmid 
FiHng or 371 (c) Date 

Application Number Contim11ty Type Prior Application Number (YYYY-MM~DD) 
..;..;-««..;-««..;-««..;«-..;..;..;..;..;-..;..;..;,.«..;,.«..;..;..;..«,; « ..;..;..;..;..;-..;..;..;..;..;..;..; " ..;-..;..;..;_..;_..;"< :-(«-:'."< ..;..;..;..;..;..«..;..;..;..;..;-..;..;..;..;..;..;..;..;..;..;..; 

190365015 Division of 18822880 2024-09-03 

EF:S Web 2.2.13 
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Attorney Docket Number 309-0015USCIPD!V2 
Application Data Sheet 37 CFR 1.76 ....................................................................................................................................................................... . 

Application Number 19/036,506 

Title of Invention i\lllCROSTRUCTURE ENHANCED Alii!SORPTION PHOTOSENSITIVE DEVICES 

Application Prior Application Filing Date Pat"'nt Number Issue Date 
Number Continuity Type Number (YYYY-i\llM-DD) "' (YVYY .. MM-00) 

Hl385213 Continuation in part of 17974325 2022-10-26 11830954 2023-11-28 

Prior Application Status Pending 

••• • • • rmn9 or ::r11 (cf □ate 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

18385213 Continuation in part of 18113474 2023-02.23 

Prior Application Status Patented 

Application 
Number 

Continuity Type 

Division of 

Prior Application Status Patented 
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Attorney Docket Number 309-0015USCIP DIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED Alii!SORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status ~ IT!~m#tiji) 
Filing or 371(c) Date 

Application Number continuity Type Prior Application Number (YYYY-MM-DD) 

14/943898 Claims tmi:mfil Ci IIDJlliSi!JOal 62l:lZ5855 20:15-06-15 

Prior Application Status ~ fllill! Jt,m~~, : 
Filing or 371 (c) Date 

Application Number continuity Type Prior Application Number (YYYY-MM-DD) 

14l94389B Claims l:!eaefit cf ~myisicna! 62l1Z4498 2015::06-1 ::l 

Prior Application Status ~ E Ri#!M#: I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-DD) 

14l94a89B Claims l:!ern~m of lIDJY.i1icna! 62l171915 2015:-06-05 

Prior Application Status ~ ~:i:::::::::::::::;:::::::::::::::::::: E~~ffli\l~H 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number . (YYYY-MM-0D) 

'.l~l94369B Claims benefit of pmvisional 621'.!57676 2015::05::00 

Prior Application Status Expired C~zytjp~:J 
Filing or 3 71 (c) Date 

Application Number Continuity Type Prior Application Number {YYYY-MM-DD) 

141943898 Claims bern:l!fit of 1,1rovisional 62/::1~675 2□ 1l:t:D4-29 

Prior Application Status ~ n~· 11mn -::: ..... fflP~i:: 

Filing or 371(c) Date 
Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

141943898 Claims tien~ifit of pm~isitIDal 62/:l53:H3 2015::04-27 

Prior Application Status E.xQimd [f#mMl/1 
Filing or s11(c) bate 

Application Number Continuity Type Prior Application Number (YYYY-MM-0D) 

14l9~JB9B Claims beaem of ~lli&ioual 621:l:395:l::l 2015-03-27 

Prior Application Status ~ [!fflm~~M] 
Filing or 371 (c) Date 

Application Number continuity Type Prior Application Number (YYYY-MM-DD) 

1~/9~3898 Claims bea,etit oi IIDJlliSiooal 62l111582 2015--02-03 

Prior Application Status Exi:!m1 EI&B1111 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY~MM-DD) 

14l94389B Claims beaefit cf IJWlli&icnal 62l1!JQ025 20 :15-0 :Hl5 
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Attorney Docket Number 309-0015USCIP DIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED ABSOfiPTION PHOTOSENSITIVE DEVICES 

Prior Application Status ~ Ci~m#~iji) 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

::11.ru~Jasa Clairn:s l:mo£:!ii cf 1:n1:1~i1aicoal a2rusaa1a 20:1:!!i-::!2-:l :I 

Prior Application Status ~ [fi~I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

::l~.ffi:!!13f.1SB Claims l:mo£:fii ,if 1:m:i~iiai,mal fi2llJBl fi36 2□H-t:l-l8 

Prior Application Status ~ [R-~ij I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-DD) 

ecTJUS15lfij l:20 Clairns l:!eaetii ct p1QYilii1caal 62l232Zl6 201 fi-lJS-25 

Prior Application Status ~ [:~tffiijml 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-DD) 

eGLl1 JS :I fllfi t:121:1 Claims l:!eaaiit cf pmyi:aic□al 62"2:l Jfl56 20 :I 5::1:19-02 

Prior Application Status Expimd ([ij~iji~:J 
Filingor371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

eCTJ!JSl5lfi:l l20 Claim5 biiiiDfliit cf g1glliSi!J□al 62l2fJ8J:I :I 20:l 5:06-24 

Prior Application Status E2mirfilt m ~mij~ij J 
Filing or 371(c) Date 

Application Number Continuity Type Prior AppHcation Number {YYYY-MM-DD) 

eCILUS HJffi:ll 20 Claims beaem at ~mlli:siaaal fi2l2fJfi1H 2□:15:-□I.HS 

Prior Application Status Exnimd [~ffiij@] 
Filing or 371(c) bate 

Application Number Continuity Type Prior Application Number (YYYY-MM-OD) 

ecrn.JsHiffi:l 12□ Clairns beaeiit a! ~llJlliiaicoal fi2lj 89fi!JZ 2□:15:□ l-3:l 

Prior Application Status ~ E~~~M] 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number {YYYY-MM-DD) 

ecrnJBll:iffi:l :12□ Clairn:s beoeiii cf 1::m::nliiaic□al !.'.i2l:l9Z:120 20:15-□Z-21 

Prior Application Status ~ rna111;1 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY ~MM-DD) 

ecILu s rnlfi :1 :120 C!airn:s l:!eaafit cf PW!ili1ic□al !.'.i2l:188816 2□ :15-lJHJfi 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 309-0015USCIPOIV2 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED AliilSORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status ~ [iemaeJJ : .................... t.;~ 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

ECTIUS:H'.ilfi:l :120 Claim5 tlem::1it of JJD:llfi5iwal !J2l:l8?602 20 :l 5-□fJ-2j 

Prior Application Status ~ rm~! Jt,m~~, : 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application NLamber {YYYY-MM-OO) 

ECTIUS 15lfi:l:'.l 20 Claim5 IJl:l[lflfit gf 1JaJ~i51Wal 62l:lZ5855 201 fHJfJ- :l 5 

Prior Application Status ~ E R-~ij I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-OO) 

ECJl!.J 8 :l 5lfi:l ::I 21J ClaiED5 t!Clll:l!it DI'. IJ[C~i51Wal 62l::! Z1~9a 20:1 ~IJ6::'.1 :l 

Prior Application Status ~ [~~ffill#l ~:i:::::::::::::::;:::::::::::::::i:i:: 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-DD) 

ECil! JS :l fjffi:l ::I 21J ClaiED5 IJC[!fl1it DI'. i:m:i~isiwal 62lHHlll:i 20:l ~Cfl::!Jfj 

Prior Application Status Expimd E•9i~:l 
Filingor371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCIL! JS:!5lfi:I :120 ClaiEDl:i IJC[!!Eliit of IJ[il'.:ili5iwal fi2l:!5ZBZ6 20:15-05-□fJ 

Prior Application Status E2u2imd [~m~~ii! 
Filing or 371(c) Date 

Application Number Continuity Type Prior AppHcation Number {YYYY-MM-OO) 

ECTI! JS:l5lfi:ll20 Claimlii bea!Eliit cf pm~i&i!J'.lal fi2l:l5~6Z5 20:l5-01-2S 

Prior Application Status Elmirfil:I [~m~~,:l 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number {YYYY-MM-DD) 

ecrnJS:ll:ilfi:l 120 Claimlii be1Jeiit cf prn~isiwal 62l:l5J11J 21Jj s-01-2·z 

Prior Application Status EXIJi[ed [•~iM] 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCrn IS l l:il!:i:l l 20 Claim5 bel:!efit of 1Jrm1i5iwal !:i2£:l39fj]:l 2□:!5-0J-2Z 

Prior Application Status ~ llillmilil1 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

ecILUS:ll:ilfij 120 Claim5 tiem::1it gf IJS:DYi5iWal 62l:l:1:1562 20 :! 5::□2-□3 
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Attorney Docket Nurnber 309--0015USCIPDIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MlCROSTRUGTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status ~ Ei~m#tiji) 
Filing or 371 (c) Date 

Application Number Continuity Type Prior App!ication Number • (YYYY-MM-DD) 

PCTIUS15lf:.i::112Q Claims tieaeflt of 1:m::i~isiom1! 62l1iJOQ25 2!J15-Q1-Q5 

Prior Application Status ~ Viililll Jt~ml~~,: 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number {YYYY-MM-OO) 

2Cil!.JS15lf:.i112Q Cii~ims tiimern of IJCD~ision,1! 62-l09QBZ9 20:1:4-12-11 

Prior Application Status ~ E R-~ij I 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-OO) 

P(~TllJS:l5l61 ::120 Claims l::!eoefit of 1Jrc:11isii:mal 62/061536 20:l4-1M8 

Prior Application Status Abandoned [l!!#:@ffl l 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number • (YYYY-MM-OO) 

'.l4l947718 Continuatign of PCT/US 14/J921J8 2014-IJS::22 

Prior Application Status Expired m~@iji~:J 

Filingor371(c) Date 
Application Number Continuity Type Prior Application Number (YYYY-MM-OD) 

PCilllS 1 ~139208 Claims benefm of pruvisicmil!I 61/82f:.i446 2013-05-22 

Prior Application Status Exnimi:I (~ffl~~ii! 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-OO) 

eCIIU614/J9208 Cl,1ims tienfifit of provisioni~I 61/843021 2□13::□Z-04 

Prior Application Status Exnirfilt [f§mMi] 
Filing or s11 (c) bate 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PGTIUS14/J9208 Claims beaeflt cf timiti:sicnal 6,1/905109 2□::13-::IH5 

Prior Application Status ~ E•~~MJ 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCIIUS H/39208 Claims beaefit of ;;im~isiona! f:.i1/834873 2013-06-13 

Prior Application Status Abanggned tllmi1!11 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-OO) 

14/692821 a 37:1 m international eCI/lJS1!1139208 2014-05-22 
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Attorney Docket Number 3D9-0015USCIP DIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED AlilSORPTION PHOTOSENSITIVE DEVICES 

This application (1) claims priority to or the benefit of an application filed tJefore March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1. 78, this application. with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA 

EF:S Web ::1.::1.13 



FTCYA!Afl 4 (tl::1-1 ii!) 
Appm-i Im u~i;; ll~m,gh 11l:ltli::1020. 0MB Dliii5l-0 □32 

UJS. P,o\o,ml ,ond Tr~m~ Ol!ire; UJS. DEPARTMEI\H OF COMMERCE 
Uooer li"le P,,~m~r!t Rooucl:im1 Ai:'J u! H!95, rn:i, perslf.lflj'j, ,i.,m r~quirro io ro,s;pa,oo !o iilS wlis,c!iir.,n of rim<rlf&l:ion unless ii ronia~1:> "1Jiil>lid 0MB !'..OOlml r1umb~. 

Attorney Docket Number :109-001 susC1PDIV2'- - • 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED Ali!SORPTION PHOTOSENSITIVE DEVICES 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must ogt-0ut of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTOISB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Eriority Document Exchan~f P□Xl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USpTO authority to provide the Eurapean Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1), 

B. Search Re.suits from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned herebv grants the uspTO aythgrjty to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application !S filed. See 37 CFR 1.14(h){2). 

The applicant is reminded that the EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A, Applicant ~ .MO.I authoriz.e the USPTO to perrntt a participating foreign IP office ar.cess to the instant 
D application-as-!iled. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NQI authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othe1wise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 309-0015USCIPDIV2 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED A~SORPTION PHOTOSENSITIVE DEVICES 

Applicant Information: 

Providing assignment information in this section does not substiMe for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1 A5), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1. 43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1 A6. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

l Milt !) 

@ Assignee !o L.e~gal Representative~ tinde~r 35 lJ.S.C. 111 lo Joint Inventor 

0 Pe,son t!J whom the inveintm i:o obligated tel as:oign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

! 
Name of the Deceased or Legally Incapacitated Inventor: [ 

If the Applicant is an Organization check here. 00 
Organization Name I W&WSens Devices, Inc. 

Mailing Address Information For Applicant: 

Address 1 38 Third Street, Suite 307 

Address 2 

City Los Altos State/Province CA 

Country' I us Postal Code 94022 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form ny selecting the Add button, 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by tha Offica. 
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Attorney Docket Number 309-0015USCIPDIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Assignee 1 

Complete !his seclion if assigne>.e information, induding non-applic:anl assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check t1ere. □ 

Prefix Given Name Midclls Narne Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City Slate/Province 

Countryi l Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application illlll either box A or B is nm checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., oorj:.X)ration or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, ruJ joint inventors who are the applicant, er one or more joint inventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of i!!J joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

2025-11-14 
Signature #11.•aR S. Ka•JF!dkewl Gerard M. Wissing Date (YYYY-MM-DD) ' 2926 EH 24 J 

First Name lvafl--S, Gerard I Last Name I Ka1,m.1ka1J Wissing Registration Number ~ 36,309 

Additional Signature may be generated within this form by selecting the Add button. 
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Attorney Dock.et Number 309-0015USC!POIV2 
Application Data Sheet 37 CFR 1.76 

Application Number 19/036,506 

:: 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 
• 

This collection ofinformatlon ls re~uiroo by 37 CFR l 7eL The informauorris required to obtain or retain a banafitby the pubiic:Wtik:h 
1s to file (and by the USPTO to process) an application. Confidentiality is governed by 35 u_S.C. 1:22 and 37 CFR 1, 14_ This 
c:oliection is estimated to take 23 minutes to complete, 1nduding gathering; preparing, and submitting lhe completed application data 
sheet form to the USPTO. Time will vary depending upoo the i111di11idual case. Any comments on the amount of time yoo require to 
complete !his form and/or suggestioos for reducing this burden, shoutd be sent to the Chief Information Officer, U.S: Patent and 
Trndemark Office, US Department of Commen:::e, P Q. 6()]( 1450. Alexandria, VA 22313,-1450 DO NOT SEND FEES OR 
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Attorney Docket No.: 309-0015USCIPDIV2 
Confirmation No.: 4276 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Shih-Yuan WANG et al. 

Application No.: 19/036,506 

Filed: January 24, 2025 

Title: MICROSTRUCTURE 
ENHANCED ABSORPTION 
PHOTOSENSITIVE DEVICES 

Mail Stop Petitions 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Examiner: Eduardo A. Rodela 

Art Unit: 2893 

CERTIFICATE OF TRANSMISSION 
I hereby certify that this correspondence is being 
submitted through the USPTO Electronic Filing Service 
addressed to the Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450. 

Date: Nov. 14, 2025 
/Mary Ellen Finnegan/ 

Name: Mary Ellen Finnegan 

REQUEST FOR CORRECTED FILING RECEIPT 

Applicant hereby submits this Request for Corrected Filing Receipt to recognize 

Applicant's Priority Claim set forth in the Corrected Application Data Sheet filed concurrently 

herewith. 

On November 12, 2025 the Office mailed a Corrected Filing Receipt that did not 

recognize one or more benefit claims listed in the Domestic Benefit section of the ADS filed 

with the Application on January 24, 2025 (the "Original ADS"). Applicant then reviewed the 

benefit claims listed in the Domestic Benefit section of the Original ADS and noticed a 

typographical error in one application listed. 

To correct the typographical error and restore the original chain of priority, Applicant 

hereby submits: 

1. A Corrected Application Data Sheet with underlining to correct the priority 
claims in the Domestic Benefit section of the Original ADS; 
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2. A Petition to Accept an Unintentionally Delayed Priority Claim; and 

3. The required Petition Fee. 

Applicant respectfully requests the Office issue a Corrected Filing Receipt in accordance 

with the Corrected Application Data Sheet submitted herewith. 

The Office is hereby authorized to charge any fees that may be required in connection 

herewith and to credit any overpayment to our Deposit Account No. 600125. 

Date: November 14, 2025 

Wissing Miller LLP 

Respectfully submitted, 

/Gerard M. Wissing/ 

Gerard M. Wissing 
Registration No. 36,309 
Attorney for Applicant 

Address: (associated with Customer Number: 139982) 
Phone: (516) 901-7027 

Application No.: 19/036,506 
Attorney Docket No.: 309-0015USCIPDIV2 
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P.O. Box 1450 
Alexandria, VA 22313 -1450 

www.uspto.gov 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION# 

19/036,506 

Title of Invention 

RECEIPT DATE/ TIME 

11/14/2025 04:26:45 PM Z ET 
ATTORNEY DOCKET# 

309-0015USCIPDIV2 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 4276 

PATENT CENTER# 73187611 

CUSTOMER# 139982 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

309-
0015USCIPDIV2_Req_Corre 
ct_Filing_Rcpt_Filed 
14Nov2025. pdf 

309-
0015USCIPDIV2 Petition C 
hange_Priority_Claim_Filed_ 
14Nov2025. pdf 

309-
0015USCIPDIV2 Corrected - -
ADS_Filed_14Nov2025.pdf 

PAGES 

2 

6 

37 

PATENT# -

FILED BY Mary Ellen Finnegan 

FILING DATE 01/24/2025 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

AUTHORIZED BY Gerard Wissing 

TOTAL DOCUMENTS: 3 

DESCRIPTION 

Request for Corrected Filing 
Receipt 

Petition for review by the Office 
of Petitions 

Application Data Sheet 

SIZE 
(KB) 

94 KB 

308 KB 

21300 KB 

Warning: This is not a USPTO supplied ADS fillable form. Data in the form cannot be 
automatically loaded to other USPTO systems. 



Digest 

DOCUMENT 

309-
0015USCIPDIV2_Req_Correct 
_Filing_Rcpt_Filed 
14Nov2025. pdf 

309-
0015USCIPDIV2 Petition Cha 
nge_Priority_Claim_Filed_ 14No 
v2025.pdf 

309-
0015USCIPDIV2 Corrected A 
DS_Filed_14Nov2025.pdf 
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MESSAGE DIGEST(SHA-512) 

55973BCE7FFF0271B550EEBF644DF6E80705CD11D8AE31712 
8A6F69130773544008B9466B33429287558FBAF022E1A068CB 
ABDB36457158887CCBE09942768DB 

29162D7DE3AA26B821C479F5052238082058C64F15802C9CD 
C7BE05F46330496DA5A8B48CD4E04BDCF2E5FAB98FC32783 
A1C29B7A8C7441ADC65FEFA8637091C 

5021FD35117AE1215BBE4C825EA6319E88DOCD335750D3F3B 
166AAA05B704569271A08B586331307F77E177BBC3E35935BC 
4E89D4201F17C884F841E2B3E5DE3 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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P.O. Box 1450 
Alexandria, VA 22313 -1450 

www.uspto.gov 

ELECTRONIC PAYMENT RECEIPT 

APPLICATION# 

19/036,506 

Title of Invention 

RECEIPT DATE/ TIME 

11/14/2025 04:26:45 PM Z ET 
ATTORNEY DOCKET# 

309-0015USCIPDIV2 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 4276 

PATENT# -

FILED BY Mary Ellen Finnegan 

PATENT CENTER# 73187611 AUTHORIZED BY Gerard Wissing 

CUSTOMER# 139982 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
CARD/ 8026 

PAYMENT TRANSACTION ID 
E2025ADG27 486067 

PRE-AUTHORIZED CATEGORY 

FILING DATE 01/24/2025 

FIRST NAMED Shih-Yuan WANG 
INVENTOR 

PAYMENT AUTHORIZED BY 
Mary Ellen Finnegan 

PRE-AUTHORIZED ACCOUNT 

600125 37 CFR 1.21 (Miscellaneous fees and charges) 

FEE CODE 

2454 

DESCRIPTION 

PETITION FOR THE DELAYED 
SUBMISSION OF A PRIORITY OR 
BENEFIT CLAIM, OR TO 
RESTORE THE RIGHT OF 
PRIORITY OR BENEFIT 

ITEM PRICE($) 

904.00 

QUANTITY 

TOTAL 
AMOUNT: 

ITEM TOTAL($) 

904.00 

$904.00 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
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and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

19/036,506 

139982 

FILING or 
371(c) DATE 

01/24/2025 

Wissing Miller LLP 
Industrious at Hudson Yards 
31 Hudson Yards, 11th Floor 
New York, NY 10001 

GRPART 
UNIT 

2893 
FIL FEE REC'D 

1082 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

ATTY.DOCKET NO TOT CLAIMS IND CLAIMS 

309-0015USCIPDIV2 19 2 
CONFIRMATION NO. 4276 

CORRECTED FILING RECEIPT 

1111111111111111111111111111~~~~~~~[~[1~11~!~~~11111111111111111111111111 

Date Mailed: 11/12/2025 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Shih-Yuan WANG, Palo Alto, CA; 
Shih-Ping Wang, Los Altos, CA; 

Applicant(s) 
W&WSens Devices, Inc., Los Altos, CA; 

Power of Attorney: The patent practitioners associated with Customer Number 139982 

Domestic Applications for which benefit is claimed 
This application is a DIV of 18/822,880 09/03/2024 PAT 12,243,948 

which is a DIV of 18/385,213 10/30/2023 PAT 12,087,871 
which is a CIP of 17/974,325 10/26/2022 PAT 11,830,954 

and is a CIP of 18/113,4 7 4 02/23/2023 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent 
Prosecution Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 02/28/2025 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 19/036,506 

Projected Publication Date: Not Applicable. 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY** 
Title 

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Preliminary Class 

136 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

SelectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

EXAMINER 
139982 7590 10/27/2025 

Wissing Miller LLP RODELA, EDUARDO A 

Industrious at Hudson Yards 
31 Hudson Yards, 11th Floor ART UNIT PAPER NUMBER 

New York, NY 10001 2893 

DATE MAILED: 10/27/2025 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276 

TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

APPLN TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV PAID ISSUE FEE TOTAL FEE(S)DUE DATE DUE 

nonprovisional SMALL $516 $0.00 $0.00 $516 01/27/2026 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY ST A TUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY ST A TUS is the same as shown above, pay the TOT AL FEE(S) DUE shown above. 

If the ENTITY ST A TUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of 
undiscounted fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part Bis filed, a request to reapply a previously paid issue fee must be 
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system. 

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (ifrequired). Blocks 1 through 5 should be completed where appropriate. 
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new 
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue 
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 
Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

139982 7590 10/27/2025 

Wissing Miller LLP 
Industrious at Hudson Yards 
31 Hudson Yards, 11th Floor 
New York, NY 10001 

APPLICATION NO. FILING DATE 

19/036,506 01/24/2025 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop IS SUE FEE address above, or being transmitted to the 
USPTO via the USPTO patent electronic filing system or by facsimile to (571) 
273-2885, on the date below. 

(Signature 

(Date 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shih-Yuan WANG 309-0015USCIPDIV2 4276 

TITLE OF INVENTION: MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

APPLN TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $516 

EXAMINER ART UNIT 

RODELA, EDUARDO A 2893 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

D Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 

D "Fee Address" indication ( or "Fee Address" Indication form PTO/ 
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a 
Customer Number is required. 

PUBLICATION FEE DUE PREY PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

136-256000 

2. For printing on the patent front page, list 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$516 01/27/2026 

2 
---------------

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government 

4a. Fees submitted: □Issue Fee □Publication Fee (ifrequired) 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

D Electronic Payment via the USPTO patent electronic filing system D Enclosed check D Non-electronic payment by credit card (Attach form PTO-2038) 

D The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

D Applicant certifying micro entity status. See 37 CFR 1.29 

D Applicant asserting small entity status. See 37 CFR 1.27 

D Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (11/23) Approved for use through 03/31/2026 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

19/036,506 01/24/2025 Shih-Yuan WANG 

139982 7590 10/27/2025 

Wissing Miller LLP 
Industrious at Hudson Yards 
31 Hudson Yards, 11th Floor 
New York, NY 10001 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

309-0015USCIPDIV2 4276 

EXAMINER 

RODELA, EDUARDO A 

ART UNIT PAPER NUMBER 

2893 

DATE MAILED: 10/27/2025 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination ( or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at l-(888)-786-0101 or (571)-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part Bis required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. The United States Patent and Trademark 
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO's system of 
records is used to manage all applicant and owner information including name, citizenship, residence, post office 
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/ 
owner's activities in connection with the invention for which a patent is sought or has been granted. The applicable 
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent 
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013). 

https i/w<Ns.v. gm info.gov/content/ph;/FR-2013-03-29/pdf/2013-0734 l .pdf 

Routine uses of the information in this record may include disclosure to: 

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law; 

2) a federal, state, local, or international agency, in response to its request; 

3) a contractor of the USPTO having need for the information in order to perform a contract; 

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires 
disclosure of the record; 

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the 
individual has requested the Member's assistance with respect to the subject matter of the record; 

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to 
opposing counsel in the course of settlement negotiations; 

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records 
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations 
and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make 
determinations about individuals; 

8) another federal agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)); 

9) the Office of Personnel Management (OPM) for personnel research purposes; and 

1 0)the Office of Management and Budget (0MB) for legislative coordination and clearance. 

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine 
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration 
of the patent. 



Notice of Allowability 

Application No. 
19/036,506 
Examiner 
Eduardo A Rodela 

Applicant(s) 
WANG etal. 
Art Unit 
2893 

AIA (First 
Inventor to File) 
Status Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.0 This communication is responsive to 9/26/2025. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.0 The allowed claim(s) is/are 37-49. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) DAIi b) 0 Some* c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

0 including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each 
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 0 Notice of References Cited (PT0-892) 5. 0 Examiner's Amendment/Comment 

2. 0 Information Disclosure Statements (PTO/SB/08), 6. 0 Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. 0 Examiner's Comment Regarding Requirement for Deposit 7. Oother __ 
of Biological Material . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. 9/26/2025. 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 

/EDUARDO A RODELA/ 
Primary Examiner, Art Unit 2893 

Notice of Allowability Part of Paper No./Mail Date 20250926 



Application/Control Number: 19/036,506 
Art Unit: 2893 

DETAILED ACTION 

Page2 

This correspondence is in response to the communications received September 26, 2025. 

Claims 3 7-49 are pending. 

Notice of Pre-AJA or AJA Status 

The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Priority 

In light of Applicant's clarification regarding priority in the remarks dated September 26, 

2025, Examiner agrees with Applicant's assessment of priority. 

Claim Rejections - 35 USC§ 112 

The 112a rejections to (previous) claims 18 and 32 have been withdrawn in light of the 

remarks provided on September 26, 2025. 

REASONS FOR ALLOWANCE 

Claims 37-49 are allowed. 



Application/Control Number: 19/036,506 
Art Unit: 2893 

Page 3 

The following is an Examiner's statement of reasons for allowance: The pillar shaped 

light photodiode array as recited in the claims of the instant invention fail to be taught by the 

prior art cited of interest. 

Regarding claim 37, the prior art discloses pillar shaped light photodiode array, but fails 

to disclose the specific characteristic recited in the claims of the instant invention e.g. the 

combination of claimed features of the specified semiconductor material based pillars with n and 

p doped regions, holes in the light entry surface, side isolation, electrical contacts, in conjunction 

with the limitations of, 

"including for selected reverse-biasing at least some of the photodetectors; 

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the 

absorption of the light by at least some of the photodetectors relative to like photodetectors in 

pillars lacking said holes." 

A prior art rejection in view of Dutta (US 8,357,960) in view of Hsu et al. (US 

2008/0083963) in view of Dutta (US 8,106,289), was attempted, however, several of the claim 

limitations were not able to be addressed by the prior art. 



Application/Control Number: 19/036,506 
Art Unit: 2893 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

Page4 

examiner should be directed to Eduardo A Rodela whose telephone number is (571)272-8797. 

The examiner can normally be reached M-F, 8:30-5:00pm ET. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Yara B Green can be reached on (571) 270-3035. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be 

obtained from Patent Center. Unpublished application information in Patent Center is available 

to registered users. To file and manage patent submissions in Patent Center, visit: 

https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more 

information about Patent Center and https://www.uspto.gov/patents/docx for information about 

filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service 

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/EDUARDO A RODELA/ 
Primary Examiner, Art Unit 2893 



Application No. Applicant(s) 
19/036,506 WANG etal. 

Examiner-Initiated Interview Summary Examiner Art AIA (First Inventor Page 
Eduardo A Rodela Unit to File) Status 

2893 Yes 1 of 1 
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AW Pir1i#ipijl'tfi (ijpplip~ryt, ~pplip~ry!§ J 
ri1Mi@~niit1xi, em@ eit~§rri1H 
Eduardo A Rodela Primary Examiner Telephonic 
Gerard M. Wissing Attorne 
Ivan Kavrukov Attorne 

Date of Interview: 26 September 2025 

Issues Discussed: 

35 u.s.c. 112 

Applicant's Representatives further clarified the support for the claim content which was identified in the 
previous 112a written description rejection to claims 18 and 32. 

Other 

Applicant's Representatives explained the purpose of presenting the information and prior art references 
in the discussion around the section of remarks titled, "IPRs and PGR regarding commonly assigned 
patents". 

I 
/EDUARDO A RODELA/ 
Primary Examiner, Art Unit 2893 

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in 
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated 
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04 
Please further see: 
MPEP 713.04 
Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b) 
37 CFR § 1 .2 Business to be transacted in writing 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete 
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete 
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general 
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the 
interview, to include an indication as to whether or not agreement was reached on the issues raised. 

U.S. Patent and Trademark Office 
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20250926 



Application/Control No. Applicant(s )/Patent Under 
19/036,506 Reexamination 

Notice of References Cited 
WANG et al. 

Examiner Art Unit 
Eduardo A Rodela 2893 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* Document Number Date 
Name CPC Classification US Classification 

Country Code-Number-Kind Code YYYY-MM-DD 

* A U S-8357960-B 1 2013-01-22 Dutta; Achyut Kumar B82Y20/00 257/292 

* B U S-20080083963-A 1 2008-04-10 Hsu; Louis Lu-Chen H10F77/147 257/431 

* C U S-8106289-B2 2012-01-31 Dutta; Achyut Kumar H10F77/148 136/258 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code YYYY-MM-DD 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title, Date, Publisher, Edition or Volume, Pertinent Pages 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in YYYY-MM-DD format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 11-2023) Notice of References Cited Part of Paper No. 20250926 



Application/Control No. Applicant(s)/Patent Under Reexamination 

Search Notes 19/036,506 WANG et al. 

Examiner Art Unit 

Eduardo A Rodela 2893 

CPC - Searched* 

Symbol Date Examiner 

(H1 0F39/014,024,8027,806,8067; H1 0F71/121, 1212, 1215; H10F77/ EAR 
14, 147,40,413,488,70,703; H 1 0F77/703; H1 0F30/223; H1 0F77/122; 10/02/2025 
H10F77/1226; H10F77/14; H10F77/1437; H10F77/147; H10F77/413 

H10F77/122, 143, 1437, 147,70,703,413 10/02/2025 EAR 

CPC Combination Sets - Searched* 

Symbol Date Examiner 

US Classification - Searched* 

Class Subclass Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

PE2E search - see history for complete details 10/02/2025 EAR 

Inventor & Applicant search 10/02/2025 EAR 

Similarity search 10/02/2025 EAR 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

noted CPC in conjunction with a text limited search 10/02/2025 EAR search area 

U.S. Patent and Trademark Office 
Page 1 of 1 

Part of Paper No.: 20250926 



Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 19/036,506 WANG et al. 

Examiner Art Unit 

Eduardo A Rodela 2893 

CPC 

Symbol Type Version 

H10F 77 703 F 2025-01-01 

H10F 77 14 2025-01-01 

H10F 30 223 2025-01-01 

H10F 77 122 2025-01-01 

H10F 77 147 2025-01-01 

H10F 77 413 2025-01-01 

H10F 77 1226 2025-01-01 

H10F 77 1437 2025-01-01 

CPC Combination Sets 

Symbol Type Set Ranking Version 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 13 

/EDUARDO A RODELA/ 02 October 2025 
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 37 5B, 49 

U.S. Patent and Trademark Office Part of Paper No.: 20250926 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 19/036,506 WANG et al. 

Examiner Art Unit 

Eduardo A Rodela 2893 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H10F 77 1437 

H10F 77 122 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS SUBCLASS 

CROSS REFERENCES(S) 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 13 

/EDUARDO A RODELA/ 02 October 2025 
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 37 5B, 49 

U.S. Patent and Trademark Office Part of Paper No.: 20250926 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 19/036,506 WANG et al. 

Examiner Art Unit 

Eduardo A Rodela 2893 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 10 19 28 1 37 10 46 
2 11 20 29 2 38 11 47 
3 12 21 30 3 39 12 48 
4 13 22 31 4 40 13 49 
5 14 23 32 5 41 
6 15 24 33 6 42 
7 16 25 34 7 43 
8 17 26 35 8 44 
9 18 27 36 9 45 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 13 

/EDUARDO A RODELA/ 02 October 2025 
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 37 5B, 49 

U.S. Patent and Trademark Office Part of Paper No.: 20250926 
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Receipt date: 09/16/2025 

Doc code: I OS 

19/036,506 - GAU: 2893 

Doc description: Information Disclosure Statement (IDS) Filed 

PTO/SB/08 (01-25) 
Approved for use through 11/30/2027. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 19036506 

Filing Date 2025-01-24 
INFORMATION DISCLOSURE 

First Named Inventor I Shih-Yuan WANG 
STATEMENT BY APPLICANT 

Art Unit 2893 

Examiner Name I Eduardo A Rodela 

Attorney Docket Number 309-0015USCI PDIV2 

U.S. PATENTS I Rijffi§yij I 

Examiner Cite Kind Name of Inventor of cited 
Pages, Columns, Lines where 

Initial* No 
Patent Number Code1 Issue Date 

Document 
Relevant Passages or Relevant 
Figures Appear 

1 
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AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

Page 6 of 26 
ER 



L56 15 

L57 13 

L58 7 

L59 41067 

L60 17 

L61 39 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

I "9299649" I "9368460" 
I "9372206" 1 "9425126" 
I "9431368" I "9443783" 
I "9461018" I "9484482" 
I "9496189" I "9564414" 
I "9666502" I "9735131" 
I "9899355" I 
"10366962" I 
"200100173 70" 
"20030201459" 
"20090154871" 
"20100216294" 
"20110008484" 
"20110036396" 
"20120156321" 
"20130279844" 
"20150037044" 
"20150194337" 
"20150378095" 
"20160190093" 
"20160315452" 
"20170092626" 
"20170207600" 
"20180308834" 
"20190004247").pn. OR 
("11347001").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("7189635" I 
"20020133129" I 
"20070049028" I 
"20080061214" I 
"20080067721" I 
"20080217819" I 
"20100203235").pn. OR 
("8147704").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

("2010/0203235").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("2007 /0049028") .urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

H 10F39/014,024,8027, 
806,8067.cpc. OR 
H 1 0 F71 / 121 , 1212, 1215 
.cpc. OR 
H 10F77/14, 147,40,413, 
488,70,703.cpc. 

H10F77/703.cpc. AND 
L 1 AND L3 

H10F77/703.cpc. AND 
L 1 AND L3 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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ER 



L62 418 

L63 138 

L64 0 

L65 194 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

L 12 AND L 1 AND L3 

L 12 AND L 1 AND L3 

("2023/0238468") .urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4358851" I "4634272" 
"4676599" "4702600" 
"4744667" "4851664" 
"5267016" "5288992" 
"5760899" "5982552" 
"6014232" "6133989" 
"6255133" "6374024" 
"6414746" "6690019" 
"6721262" "7091462" 
"D531525" "7170542" 
"7295298" "7345271" 
"7421159" "7433042" 
"7808706" "7848478" 
"7969558" "8013983" 
"8089618" "8130367" 
"D659030" "8319949" 
"8330840" "8374405" 
"8384997" "8494252" 
"8675181" "8717488" 
"8742325" "8743176" 
"8761495" "8767190" 
"8829406" "8836922" 
"8848039" "9041915" 

CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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ER 



10/02/2025 03:51 :12 PM 
Workspace: 19036506 

"9063549" "9071763" 
"9086273" "9111444" 
"9157790" "9164511" 
"9176051" "9229109" 
"9285464" "9285477" 
"9299731" "9368936" 
"9369689" "9383753" 
"9425654" "9435891" 
"9470520" "9489601" 
"9525863" "9529079" 
"9551791" "9992477" 
"10063849 I 
10183541" 

"10222458" 
"10222475" 
"20020072684" 
"20030006676" 
"2003004 77 52" 
"20040061502" 
"200402230 71" 
"20050030409" 
"20060244851" 
"20070007563" 
"20070060806" 
"20070228262" 
"20080153189" 
"20090016642" 
"20090040629" 
"20090179142" 
"2009029591 0" 
"20100008588" 
"20100020306" 
"20100110275" 
"20100123893" 
"20100204964" 
"20110025843" 
"20110032398" 
"20110037849" 
"20110116262" 
"20110216304" 
"201200444 76" 
"20120140109" 
"20120154914" 
"20120182464" 
"20120287 417" 
"20120320164" 
"2013004431 0" 
"20130141549" 
"20130206967" 
"20130294089" 
"20130300840" 
"20140118335" 
"20140118493" 
"20140153001" 
"20140158900" 
"20140168631" 
"20140176933" 
"20140211194" 
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10/02/2025 03:51 :12 PM 
Workspace: 19036506 

"20140269796" 
"20140285628" 
"20140291491" 
"20140313519" 
"201403 7 59 77" 
"20140376092" 
"20150002636" 
"20150131080" 
"20150184999" 
"201501926 77" 
"20150292948" 
"20150293224" 
"20150316473" 
"201503554 70" 
"20150358601" 
"20150378241" 
"20150379371" 
"20160003946" 
"20160047895" 
"20160047896" 
"20160047897" 
"20160047898" 
"20160047899" 
"20160047900" 
"20160047901" 
"20160047903" 
"20160049765" 
"20160097858" 
"20160150963" 
"20160161600" 
"20160218727" 
"20160265902" 
"20160291134" 
"20160306032" 
"20160327779" 
"20160328619" 
"20170146640" 
"20170219426" 
"20170219695" 
"20170269197" 
"20170269198" 
"20170269209" 
"20170269215" 
"20170289524" 
"20170350983" 
"20180059222" 
"20180067209" 
"20180069838" 
"20180136042" 
"20180152691" 
"20180299554" 
"20180329035" 
"20180329060" 
"20180329061" 
"20180329062" 
"20180329066" 
"20180359460" 
"20190011556" 
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L66 7 

L67 19 

L68 19 

L69 69978 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

"20190011561" I 
"20190011562" I 
"20190011567" I 
"20190018111" I 
"20190146088" I 
"20190064355").pn. OR 
("10739189").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4407695" I "6835317" 
I "8501020" 1 "9675790" 
I "9993948" I 
"20080047929" I 
"20170110330").pn. OR 
("11037794").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4407695" I "7046441" 
I "7 483130" I "7700520" 
I "20060002656 I 
"20060228722" 
"20070177647" 
"20070184204" 
"20070284570" 
"2008004 7929" 
"20100087723" 
"20100221866" 
"20100244079" 
"20110195201" 
"20120152353" 
"20120170033").pn. OR 
("8501020") .urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

("4117 506" I "4403239" 
I "5211761" I "8344241" 
I "20010013362 I 
"20020011263" 
"20020192441" 
"20040084080" 
"20040109666" 
"20050098205" 
"20050121068" 
"20060118166" 
"2006020764 7" 
"20090194152" 
"20090283139" 
"201 00096013 II 
"20100186802" 
"20110162706" 
"20130048070").pn. OR 
("9406824") .urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(H10F77/703 OR 
H 1 0F30/223 OR 

(US-PGPUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR; FIT (AU, AP, 

ON ON 

ON ON 

ON ON 

ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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L70 43660 

L71 139 

L72 32 

L73 5 

L74 869 

L75 2 

L76 40 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

H10F77/122 OR 
H10F77/1226 OR 
H10F77/14 OR 
H10F77/1437 OR 
H10F77/147 OR 
H 10F77 /413).cpc. 

L 12 OR L22 

L23 AND L 1 AND L3 

("4814847" I "5266814" 
I "6667528" I "7015139" 
I "7132677" I "7183127" 
I "20050255581" I 
"20070158661" I 
"20070210349" I 
"20080105296").pn. OR 
("8357960") .urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

((("W&amp;W") near3 
("SENS") near3 
("DEVICES") near3 
("INC"))).AS,AANM. 

((("WANG") near3 
("Shih-Yuan")) OR 
(("WANG") near3 
("Shih-Ping"))). I NV. 

(L26 OR L27) AND 
( (pillars) (photodetectors 
)(light NEAR receiving 
NEAR 
surfac$2)(Iight)(respond 
)(visible OR 
infrared)(wavelength$1) 
(holes)(recess$3)(filled) 
(dielectric NEAR 
material) (absorption)) .cl 
m. 

("5315147" I "5759292" 
I "6879014" I "7276749" 
I "7396696" I "7525170" 

AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

AND ON ON 

AND ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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ER 



L77 10 

L78 1 

L79 1 

L80 9 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

I "8129710" 1 "8357960" 
I "8558336" I "8946675" 
I "9000492" I "9184202" 
I "9263519" I "9515218" 
I "10411053" I 
"10522582" I 
"11211419" I 
"11309444" I 
"11728457" I 
"20050145779" 
"20080083963" 
"20100320444" 
"20110156195" 
"20110297214" 
"20110309331" 
"201200127 41" 
"20120153127" 
"20120153416" 
"20120196401" 
"20130125965" 
"20140016660" 
"20160240579" 
"20170141153" 
"20180012918" 
"20180102442" 
"20180182806" 
"20190001989" 
"20190166317" 
"20200006407" 
"20200006416").pn. OR 
("12243948").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("20150372034" I 
"20160112614" I 
"20170104020" I 
"20170117309" I 
"20180151759" I 
"20180182806" I 
"20180359434").pn. OR 
("11211419").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

"11830594".pn. 

"11830954".pn. 

("9209320" I "9331116" 
I "9876045" I 
"11594657" I 
"20100271524" I 
"20140167066" I 
"20180033895" I 
"20200135776" I 
"20210305440").pn. OR 
("11830954").urpn. 

(US-PGPUB; USPAT; AND ON 
USOCR) 

(US-PGPUB; USPAT; AND ON 
USOCR) 

(US-PGPUB; USPAT; AND ON 
USOCR) 

(US-PGPUB; USPAT; AND ON 
USOCR) 

ON 

ON 

ON 

ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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L81 36 

L82 34 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

AND(PGPBIUSPTI 
USOC).dbnm. 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 
US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A 1).did. 
AND PGPB.dbnm.) OR 
((CN-116110986-A OR 
CN-110518093-A).did. 
AND FTDB.dbnm.) 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT) 

OR ON ON 

OR ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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L83 36 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 
US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A 1).did. 
AND PGPB.dbnm.) OR 
((CN-116110986-A OR 
CN-110518093-A).did. 
AND FTDB.dbnm.) 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2025/09/29 
04:04 PM 
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L84 36 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A 1).did. 
AND PGPB.dbnm.) OR 
((CN-116110986-A OR 
CN-110518093-A).did. 
AND FTDB.dbnm.) 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 
US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2025/09/29 
04:04 PM 
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ER 



L85 9 

L86 37 

L87 13 

L88 2 

L89 2 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

OR US-20100271524-
A1 OR US-
20140167066-A 1).did. 
AND PGPB.dbnm.) OR 
((CN-116110986-A OR 
CN-110518093-A).did. 
AND FTDB.dbnm.) 

"10050078".pn. 

("9853073"1"201002765 
72"1"20130181114"1"20 
14002157 4"1"20140146 
208"1"20150171146"1"2 
0160054172"1"8941200 
"1"8946610"1"8970751 "I" 
9313433"I"9577012").P 
N. 

("6882364" I "7110034" 
I "8208052" I "8289422" 
I "8294076" I "8384818" 
1 "20020135825" I 
"20100019129" I 
"20120212656" I 
"20140055649").pn. OR 
("9853073").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

("20130182155").pn. 
OR ("8970751").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

"9252177".pn. 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 

2025/09/29 
04:04 PM 
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L90 3 

L91 17 

L92 869 

L93 50 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

("20050213221" I 
"20090040345" I 
"20110037869").pn. OR 
("9252177").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

( ( ("W&amp;WSens") 
near3 ("Devices") near3 
("lnc"))).AS,AANM. 

((("WANG") near3 
("Shih-Yuan")) OR 
(("WANG") near3 
("Shih-Ping"))). I NV. 

(Artificial Intelligence) 
Similar to: 
19/036,506 with O CPC 
Selections and O Text 
Selections 
Text: 
(US-20250194293-A 1 
OR US-12087871-B2 
OR US-12243948-B2 
OR US-20240429332-
A1 OR KR-
20220164070-A OR 
KR-20220019844-A OR 
US-11621360-B2 OR 
KR-102472078-B1 OR 
KR-102593511-B1 OR 
US-20240063317-A 1 
OR KR-20160039150-A 
OR US-20190019899-
A1 OR US-10700225-
B2 OR EP-3000134-B1 
OR US-9559240-B1 OR 
US-11309444-B1 OR 
KR-102358584-B1 OR 
WO-2019018846-A2 
OR US-20220246775-
A1 OR WO-
2014190189-A9 OR 
US-20230215962-A 1 
OR US-20160254407-

CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN)) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2025/09/29 
04:04 PM 

2025/09/29 
05:04 PM 

2025/09/29 
05:15 PM 

2025/09/29 
05:15 PM 
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L94 59241 

L95 93510 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

A1 OR US-
20160126381-A1 OR 
KR-20180060969-A OR 
WO-2014190189-A2 
OR US-9496435-B2 OR 
US-10622498-B2 OR 
CN-116454144-A OR 
US-11791432-B2 OR 
CN-111133590-B OR 
US-20180151759-A 1 
OR DE-102017123338-
B4 OR JP-7429084-B2 
OR KR-102162408-B1 
OR KR-20080028385-A 
OR US-20220102563-
A1 OR US-
20200020816-A1 OR 
EP-3772104-A1 OR 
US-20130125965-A 1 
OR US-20160258867-
A 1 OR US-9909989-B2 
OR US-10707361-B2 
OR US-9182338-B2 OR 
US-20140329352-A 1 
OR US-8890271-B2 OR 
US-20140045209-A 1 
OR US-11393937-B2 
OR US-20170263790-
A 1 OR CN-111133590-
A OR US-9406824-
B2).did. 

H 1 0 F77 / 122, 143, 143 7, 
14 7,70,703,413.cpc. 

(H10F77/703 OR 
H 1 0F30/223 OR 
H10F77/122 OR 
H10F77/1226 OR 
H10F77/14 OR 
H10F77/1437 OR 
H10F77/147 OR 
H10F77/413 OR 
H10F30/221 OR 
H 1 0F30/225 OR 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 

OR ON ON 

OR ON ON 

2025/09/29 
05:19 PM 

2025/09/29 
05:23 PM 
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L96 3 

L97 199 

L98 40 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

H10F77/40 OR 
H 1 0F77 /407).cpc. 

(L94 OR L95) AND 
( (pillars) (photodetectors 
)(light NEAR receiving 
NEAR 
surfac$2)(Iight)(respond 
)(visible OR 
infrared)(wavelength$1) 
(holes)(recess$3)(filled) 
(dielectric NEAR 
material) (absorption)) 

(L94 OR L95) AND L 1 
AND L3 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2 OR 

NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

AND ON ON 

OR ON ON 

OR ON ON 

2025/09/29 
05:25 PM 

2025/09/29 
05:26 PM 

2025/10/01 
03:51 PM 
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L99 38 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

US-9853073-B2 OR 
US-8970751-B2 OR 
US-9252177-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 
US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A1 OR 
US-20130182155-
A1).did. AND 
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND 
FTDB.dbnm.) 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2 OR 
US-9853073-B2 OR 
US-8970751-B2 OR 
US-9252177-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 

(US-PGPUB; USPAT) OR ON ON 2025/10/01 
03:51 PM 
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L 100 40 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A1 OR 
US-20130182155-
A1).did. AND 
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND 
FTDB.dbnm.) 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2 OR 
US-9853073-B2 OR 
US-8970751-B2 OR 
US-9252177-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 
US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2025/10/02 
09:09 AM 
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L 101 38 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A1 OR 
US-20130182155-
A1).did. AND 
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND 
FTDB.dbnm.) 

((US-11347001-B2 OR 
US-9425126-B2 OR 
US-8147704-B2 OR 
US-9105867-B2 OR 
US-8778195-B2 OR 
US-8453319-B2 OR 
US-10739189-B2 OR 
US-11037794-B2 OR 
US-8501020-B2 OR 
US-7046441-B2 OR 
US-12174398-B2 OR 
US-9406824-B2 OR 
US-8344241-B1 OR 
US-8814622-B1 OR 
US-8357960-B1 OR 
US-11211419-B2 OR 
US-11830594-B2 OR 
US-11830954-B2 OR 
US-9331116-B2 OR 
US-9853073-B2 OR 
US-8970751-B2 OR 
US-9252177-B2).did. 
AND USPT.dbnm.) OR 
((US-20110036396-A1 
OR US-20100203235-
A1 OR US-
20080067721-A1 OR 
US-20070049028-A 1 
OR US-20240339475-
A1 OR US-
20240304641-A 1 OR 
US-20240276114-A1 
OR US-20230238468-
A1 OR US-
20100221866-A 1 0 R 
US-20170133415-A 1 
OR US-20180359434-
A1 OR US-
20180182806-A1 OR 
US-20200135776-A 1 
OR US-20100271524-
A1 OR US-
20140167066-A1 OR 

(US-PGPUB; USPAT) OR ON ON 2025/10/02 
09:09 AM 
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L 102 35 

L 103 5 

L 104 92 

L 105 47 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

US-20130182155-
A1).did. AND 
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND 
FTDB.dbnm.) 

(nm OR nanometer$1 
OR "um" OR "mu" OR 
micrometer$1 OR 
micron$1) AND L 101 

(silicon WITH pillar) 
AND L 101 

(silicon WITH pillar) 
AND H10F77/1437.cpc. 

(silicon WITH pillar) 
AND H10F77/1437.cpc. 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2025/10/02 
09:16 AM 

2025/10/02 
01 :37 PM 

2025/10/02 
01:41 PM 

2025/10/02 
01:41 PM 

Page 24 of 26 
ER 



L 106 72 (silicon WITH pillar) (US-PGPUB; USPAT) 
AND H10F77/147.cpc. 

L 107 1 "9252177".pn. (US-PGPUB; USPAT) 

L 108 3 ("20050213221" I (US-PGPUB; USPAT; 
"20090040345" I USOCR) 
"20110037869").pn. OR 
("9252177").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

L 109 261 ((divot OR dent of hole (US-PGPUB; USPAT) 
OR groove OR texture 
OR (inverted NEAR 
pyramid)) WITH ((top 
OR upper OR upward) 
NEAR (face OR 
surface))) AND 
H 1 0F77/147, 1437.cpc. 

L 110 71 ("2009/0165844").urpn. (US-PGPUB; USPAT; 
AND(PGPBIUSPTI USOCR) 
USOC).dbnm. 

L111 1 "11830954".pn. (US-PGPUB; USPAT; 
USOCR) 

PE2E SEARCH - Search History (Interference) 

Ref# Hits 

N1 2 

N2 2 

N3 2 

10/02/2025 03:51 :12 PM 
Workspace: 19036506 

Search Query DBs 

(L26 OR L27) AND (US-PGPUB; USPAT) 
( (pillars) (photodetectors 
)(light NEAR receiving 
NEAR 
surfac$2)(Iight)(respond 
)(visible OR 
infrared)(wavelength$1) 
(holes)(recess$3)(filled) 
(dielectric NEAR 
material) (absorption)) .cl 
m. 

(L94 OR L95) AND (US-PGPUB; USPAT) 
( (pillars) (photodetectors 
)(light NEAR receiving 
NEAR 
surfac$2)(Iight)(respond 
)(visible OR 
infrared)(wavelength$1) 
(holes)(recess$3)(filled) 
(dielectric NEAR 
material) (absorption)) 

(L91 OR L92) AND (US-PGPUB; USPAT) 
( (pillars) (photodetectors 
)(light NEAR receiving 
NEAR 
surfac$2)(Iight)(respond 
)(visible OR 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

Default Plurals 
Operator 

AND ON 

AND ON 

AND ON 

ON 2025/10/02 
01 :54 PM 

ON 2025/10/02 
02:53 PM 

ON 2025/10/02 
02:59 PM 

ON 2025/10/02 
03:00 PM 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of the claims in the 

application. 

1-17. (Canceled) 

18-36. (Canceled) 

37. (New) A structure comprising: 

an array of elongated pillars of semiconductor material in which each of at least 

some of the pillars has: 

(i) a respective light-receiving surface, 

(ii) respective sides, 

(iii) width of 50-2000 nm, 

(iv) height of 100-10000 nm, and 

(v) at least one photodetector of Si, Ge, and/or alloyed SiGe 

semiconductor material formed in the pillar; 

wherein each of the photodetectors: 

(i) has P-doped and N-doped regions of the semiconductor material, 

(ii) is configured to generate electrical charge carriers in the 

semiconductor material of the photodetector in response to light that 

(a) is in the visible and infrared wavelengths, and (b) illuminates 

along a light direction the light-receiving surface of the pillar in 

which the photodetector is formed; 

one or more in-pillar holes each of which: 

(i) is fabricated as a recess in each of the pillars in which at least one of 

the photodetectors is formed, and 

(ii) extends along the light direction into the semiconductor material of 

the pillar in which the in-pillar hole is fabricated; 
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side-isolation comprising solid dielectric material between at least portions of the 

sides of at least some of the pillars; 

electrical contacts configured to provide electrical pathways coupled to at least 

some of the photodetectors, including for selected reverse-biasing at least 

some of the photodetectors; 

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the 

absorption of the light by at least some of the photodetectors relative to like 

photodetectors in pillars lacking said holes. 

38. (New) The structure of claim 37, in which the array is monolithically integrated with Si 

electronic devices. 

39. (New) The structure of claim 37, in which at least one of the in-pillar holes in each of at 

least some of the pillars is elongated in the light direction. 

40. (New) The structure of claim 37, in which each of at least some of the holes is elongated 

in a direction along the light-receiving surface of the pillar in which the hole is fabricated. 

41. (New) The structure of claim 40, in which the array is monolithically integrated with Si 

electronic devices. 

42. (New) The structure of claim 40, in which each of at least some of the pillars has a 

plurality of the elongated holes. 

43. (New) The structure of claim 40, in which each of at least some of the pillars has only 

one of the elongated holes. 

44. (New) The structure of claim 40, in which each of at least some of the elongated holes 

has at least one closed contour remote from side edges of the light-receiving surface of the pillar 

in which the hole is fabricated. 
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45. (New) The structure of claim 37, in which each of at least some of the pillars includes 

only one of the photodetectors. 

46. (New) The structure of claim 37, in which two or more of the photodetectors are 

connected electrically in parallel. 

47. (New) The structure of claim 37, wherein the array of pillars is monolithically integrated 

with Si electronic devices for transmitting electrical signals related to accumulations of the 

charge carriers in at least some of the photodetectors. 

48. (New) The structure of claim 37, in which at least some of the holes extend 100 to 10000 

nm in the light direction into the semiconductor material of the pillars in which the holes are 

formed. 

49. (New) The structure of claim 37, in which the pillars in which the photodetectors are 

formed are elongated in the light direction. 
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REMARKS 

With this Supplemental Response, Applicant corrects a claim numbering issue noticed 

after filing its Response to the Non-Final Office Action dated September 16, 2025. More 

specifically, in the Preliminary Amendment filed on January 24, 2025, Applicant canceled 

claims 1-17 and added new claims 18-36. In the Response to the Non-Final Office Action dated 

September 16, 2025, Applicant again canceled claims 1-17, did not cancel claims 18-36 and 

added new claims 18-30, which is inconsistent with Office rules. Therefore, in this 

Supplemental Response, Applicant recognizes that claims 1-17 were previously canceled, has 

canceled claims 18-36 and adds new claims 37-49 (which are the same as improperly number 

new claims 18-30). 

Interview Summary 

Applicant's representative would like to thank Examiner Rodela for his time and 

professionalism during the interview conducted on September 26, 2025 (the "Interview"). 

During the Interview, Applicant's representatives, Gerard Wissing and Ivan Kavrukov, advised 

the Examiner of the above described claim numbering issue and provided the Examiner with 

additional background information regarding U.S. Publication No. US 2012/0049044 to Kuboi 

identified on page 8 of this Response. There was no discussion regarding claim amendments, 

except to suggest to Examiner Rodela that Applicant is willing to discuss claim amendments in 

order to advance prosecution of the subject application. 

Priority and Paragraph 112(a) 

Examples of support are outlined below in the subject application and in the 2013 

provisional applications that are incorporated by reference and to which priority is claimed. 

FIG. 5B of the subject application illustrates an example of an array of vertical pillars of 

semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar 

with hole). Both are reproduced below. 
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FJG. 49 

As seen in FIG. 5B and explained in the text of the subject application, each pillar 524 

has a light receiving surface that is on top of the pillar in this example, illuminated with light 

(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of 

Si, Ge, or SiGe formed in the pillar. 

The width of a pillar can be 50-2000 nm 1 and the height of a pillar can be 100-10000 

nm.2 Each photodetector has P-doped and N-doped regions and is configured to generate 

electrical charge carriers in the semiconductor material of the photodetector formed in the pillar 

in response to light that is in the visible and infrared wavelengths and illuminates the light­

receiving surface of the pillar. 

Each of the pillars in the array of FIG. 5B can be a "pillar with a hole" as in the example 

of FIG. 49. 3 Each in-pillar hole extends into the pillar in the direction of the light, down into the 

pillar in this example. 

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and, 

with in-pillar holes in the pillars, fills at least a part of the holes,4 and the in-pillar holes can be 

1 Provisional application 61/826,446 filed May 22, 2013, page 12; "The shape of the pillar can be ... rectangle .... 
The pillar diameter range from 50-2000 nm .... ", 
2 Provisional application 61/826,446 filed May 22, 2013, page 12: "[P]illars can be 100-10000 nm in length .... " 
3 See also provisional application 61/826,446 filed May 22, 2013, page 16; "[T]he microstructure can have both 
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric 
hole/pillar, not necessarily circular.. .. " 
4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013. 
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oxidized.5 Electrical contacts as seen in the example of FIG. 5B provide pathways to the 

photodetectors and can reverse-bias them.6 The presence of the in-pillar holes increases 

absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk 

semiconductor without holes.7 

The array of pillars can be monolithically integrated with Si electronic devices.8 The in­

pillar holes can be elongated - FIG. 46 of the subject application illustrates some examples of 

holes that are longer in one direction than in an orthogonal direction along the light-receiving 

surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes 

and that at least one contour of a hole can be away from the outline of a pillar as seen in top 

view.9 

Section 103 

The references identified in the Office Action, page 8, post-date the 2013 priority of the 

subject application. 

IPRs and PGR regarding commonly assigned patents 

IPR and PGR petitions were filed challenging claims in six patents in the family of the 

subject application, 10 five of which are in a patent infringement action. 11 

5 See also provisional application 61/826,446 filed May 22, 2013, page 16: "[P] atrial filling of the holes with filler 
.... " Page 10: "[T]herrnal oxidation of exposed surfaces .... " 
6 See also provisional application 61/826,446 filed May 22, 2013, page 14: "The photodiode is reversed biased .... " 
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May 
22, 2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application 
paragraph [00114]. 
8 Provisional application 61/826,446 filed May 22, 2013, page 1: "Compatible with Si Photonics, CMOS processes 
... integration with CMOS highly desirable." Provisional application 61/834,873 filed June 13, 2013, pages 1-2: 
"[T]he detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS 

" 
9 See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013. 
10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3) 
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997 
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5 
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent 
12,243,948. 

11 The action is: W&Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.). 
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers 
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if 
the Office requests it. 
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The references that the IPRs and the PGR assert are: 

1. Kuboi US 2012/0049044 

2. Shinohara US 2012/0033119 

3. Yu US 2012/0153124 

4. Harada Kokai No. 2002-314116 (P2002-314116A) 

5. Hasegawa Kokai 2007-129024 (P2007-129024A) 

6. NXP EP 2 172 974 Al 

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic 

nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930. 

8. Vasylysev US 2012/0012741 

Applicant submits that claims 18-30 differ patentably from these seven references taken 

individually or in combination, at least because: 

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes 

and additionally proposes pixels 53R, 53G that generate electrical output only in organic material 

13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and lOA. 

Shinohara proposes an array of standard photodiodes with no in-pillar holes. 

Yu proposes nanowires or nanopillars that also lack in-pillar holes. 

Harada proposes a lateral photodiode with no pillars along the light direction and no in­

pillar holes. 

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc 

drive tracking. 

NXP proposes standard photodiodes, with no in-pillar holes. 

Y ahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars 

of semiconductor material that are electrically isolated from each other and have reverse-biased 

photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material. 

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of 

pillars of semiconductor material that are electrically isolated from each other and have reverse­

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material. 

The Preliminary Amendment filed 0 1/24/2025 in the subject application addresses 
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references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US 

2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US 

5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least 

for the reasons discussed in the Preliminary Amendment filed 0 1/24/2025 but also for additional 

reasons. 

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it 

may help advance prosecution. 
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Please charge any shortfall and credit any overpayments to our Deposit Account number 

600125. 
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Respectfully Submitted, 

/Gerard M. Wissing/ 

WISSING MILLER LLP 
Attorney for Applicant 
By: Gerard M. Wissing 

Reg. No. 36,309 
Tel.: 516-901-7027 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of the claims in the 

application. 

1-17. (Canceled) 

18-36. (Canceled) 

37. (New) A structure comprising: 

an array of elongated pillars of semiconductor material in which each of at least 

some of the pillars has: 

(i) a respective light-receiving surface, 

(ii) respective sides, 

(iii) width of 50-2000 nm, 

(iv) height of 100-10000 nm, and 

(v) at least one photodetector of Si, Ge, and/or alloyed Si Ge 

semiconductor material formed in the pillar; 

wherein each of the photodetectors: 

(i) has P-doped and N-doped regions of the semiconductor material, 

(ii) is configured to generate electrical charge carriers in the 

semiconductor material of the photodetector in response to light that 

(a) is in the visible and infrared wavelengths, and (b) illuminates 

along a light direction the light-receiving surface of the pillar in 

which the photodetector is formed; 

one or more in-pillar holes each of which: 

(i) is fabricated as a recess in each of the pillars in which at least one of 

the photodetectors is formed, and 

(ii) extends along the light direction into the semiconductor material of 

the pillar in which the in-pillar hole is fabricated; 
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side-isolation comprising solid dielectric material between at least portions of the 

sides of at least some of the pillars; 

electrical contacts configured to provide electrical pathways coupled to at least 

some of the photodetectors, including for selected reverse-biasing at least 

some of the photodetectors; 

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the 

absorption of the light by at least some of the photodetectors relative to like 

photodetectors in pillars lacking said holes. 

38. (New) The structure of claim 37, in which the array is monolithically integrated with Si 

electronic devices. 

39. (New) The structure of claim 37, in which at least one of the in-pillar holes in each of at 

least some of the pillars is elongated in the light direction. 

40. (New) The structure of claim 37, in which each of at least some of the holes is elongated 

in a direction along the light-receiving surface of the pillar in which the hole is fabricated. 

41. (New) The structure of claim 40, in which the array is monolithically integrated with Si 

electronic devices. 

42. (New) The structure of claim 40, in which each of at least some of the pillars has a 

plurality of the elongated holes. 

43. (New) The structure of claim 40, in which each of at least some of the pillars has only 

one of the elongated holes. 

44. (New) The structure of claim 40, in which each of at least some of the elongated holes 

has at least one closed contour remote from side edges of the light-receiving surface of the pillar 

in which the hole is fabricated. 
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45. (New) The structure of claim 37, in which each of at least some of the pillars includes 

only one of the photodetectors. 

46. (New) The structure of claim 37, in which two or more of the photodetectors are 

connected electrically in parallel. 

47. (New) The structure of claim 37, wherein the array of pillars is monolithically integrated 

with Si electronic devices for transmitting electrical signals related to accumulations of the 

charge carriers in at least some of the photodetectors. 

48. (New) The structure of claim 37, in which at least some of the holes extend 100 to 10000 

nm in the light direction into the semiconductor material of the pillars in which the holes are 

formed. 

49. (New) The structure of claim 37, in which the pillars in which the photodetectors are 

formed are elongated in the light direction. 
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REMARKS 

With this Supplemental Response, Applicant corrects a claim numbering issue noticed 

after filing its Response to the Non-Final Office Action dated September 16, 2025. More 

specifically, in the Preliminary Amendment filed on January 24, 2025, Applicant canceled 

claims 1-17 and added new claims 18-36. In the Response to the Non-Final Office Action dated 

September 16, 2025, Applicant again canceled claims 1-17, did not cancel claims 18-36 and 

added new claims 18-30, which is inconsistent with Office rules. Therefore, in this 

Supplemental Response, Applicant recognizes that claims 1-17 were previously canceled, has 

canceled claims 18-36 and adds new claims 37-49 (which are the same as improperly number 

new claims 18-30). 

Interview Summary 

Applicant's representative would like to thank Examiner Rodela for his time and 

professionalism during the interview conducted on September 26, 2025 (the "Interview"). 

During the Interview, Applicant's representatives, Gerard Wissing and Ivan Kavrukov, advised 

the Examiner of the above described claim numbering issue and provided the Examiner with 

additional background information regarding U.S. Publication No. US 2012/0049044 to Kuboi 

identified on page 8 of this Response. There was no discussion regarding claim amendments, 

except to suggest to Examiner Rodela that Applicant is willing to discuss claim amendments in 

order to advance prosecution of the subject application. 

Priority and Paragraph 112(a) 

Examples of support are outlined below in the subject application and in the 2013 

provisional applications that are incorporated by reference and to which priority is claimed. 

FIG. 5B of the subject application illustrates an example of an array of vertical pillars of 

semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar 

with hole). Both are reproduced below. 
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FIG+ 49 

As seen in FIG. 5B and explained in the text of the subject application, each pillar 524 

has a light receiving surface that is on top of the pillar in this example, illuminated with light 

(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of 

Si, Ge, or SiGe formed in the pillar. 

The width of a pillar can be 50-2000 nm 1 and the height of a pillar can be 100-10000 

nm. 2 Each photodetector has P-doped and N-doped regions and is configured to generate 

electrical charge carriers in the semiconductor material of the photodetector formed in the pillar 

in response to light that is in the visible and infrared wavelengths and illuminates the light­

receiving surface of the pillar. 

Each of the pillars in the array of FIG. 5B can be a "pillar with a hole" as in the example 

of FIG. 49. 3 Each in-pillar hole extends into the pillar in the direction of the light, down into the 

pillar in this example. 

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and, 

with in-pillar holes in the pillars, fills at least a part of the holes, 4 and the in-pillar holes can be 

1 Provisional application 61/826,446 filed May 22, 2013, page 12; "The shape of the pillar can be ... rectangle .... 
The pillar diameter range from 50-2000 nm .... ", 
2 Provisional application 61/826,446 filed May 22, 2013, page 12: "[P]illars can be 100-10000 nm in length .... " 
3 See also provisional application 61/826,446 filed May 22, 2013, page 16; "[T]he microstmcture can have both 
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric 
hole/pillar, not necessarily circular. ... " 
4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013. 
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oxidized. 5 Electrical contacts as seen in the example of FIG. 5B provide pathways to the 

photodetectors and can reverse-bias them. 6 The presence of the in-pillar holes increases 

absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk 

semiconductor without holes.7 

The array of pillars can be monolithically integrated with Si electronic devices. 8 The in­

pillar holes can be elongated - FIG. 46 of the subject application illustrates some examples of 

holes that are longer in one direction than in an orthogonal direction along the light-receiving 

surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes 

and that at least one contour of a hole can be away from the outline of a pillar as seen in top 

view. 9 

Section 103 

The references identified in the Office Action, page 8, post-date the 2013 priority of the 

subject application. 

IPRs and PGR regarding commonly assigned patents 

IPR and PGR petitions were filed challenging claims in six patents in the family of the 

subject application, 10 five of which are in a patent infringement action. 11 

5 See also provisional application 61/826,446 filed May 22, 2013, page 16: "[P]atrial filling of the holes with filler 
.... " Page 10: "[T]hermal oxidation of exposed surfaces .... " 
6 See also provisional application 61/826,446 filed May 22, 2013, page 14: "The photodiode is reversed biased .... " 
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May 
22, 2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application 
paragraph [00114]. 
8 Provisional application 61/826,446 filed May 22, 2013, page 1: "Compatible with Si Photonics, CMOS processes 
... integration with CMOS highly desirable." Provisional application 61/834,873 filed June 13, 2013, pages 1-2: 
"[T]he detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS 

" 
9 See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013. 
10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3) 
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997 
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5 
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent 
12,243,948. 

11 The action is: W&Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.). 
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers 
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if 
the Office requests it. 

-7-
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The references that the IPRs and the PGR assert are: 

1. Kuboi US 2012/0049044 

2. Shinohara US 2012/0033119 

3. Yu US 2012/0153124 

4. Harada Kokai No. 2002-314116 (P2002-314116A) 

5. Hasegawa Kokai 2007-129024 (P2007-129024A) 

6. NXP EP 2 172 974 Al 

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic 

nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930. 

8. Vasylysev US 2012/0012741 

Applicant submits that claims 18-30 differ patentably from these seven references taken 

individually or in combination, at least because: 

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes 

and additionally proposes pixels 53R, 53G that generate electrical output only in organic material 

13, not in semiconductor material of a photodetector. See Kuboi FI Gs. 6A and 1 0A. 

Shinohara proposes an array of standard photodiodes with no in-pillar holes. 

Yu proposes nanowires or nanopillars that also lack in-pillar holes. 

Harada proposes a lateral photodiode with no pillars along the light direction and no in­

pillar holes. 

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc 

drive tracking. 

NXP proposes standard photodiodes, with no in-pillar holes. 

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars 

of semiconductor material that are electrically isolated from each other and have reverse-biased 

photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material. 

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of 

pillars of semiconductor material that are electrically isolated from each other and have reverse­

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material. 

The Preliminary Amendment filed 01/24/2025 in the subject application addresses 

-8-
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references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US 

2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US 

5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least 

for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional 

reasons. 

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it 

may help advance prosecution. 

-9-
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Please charge any shortfall and credit any overpayments to our Deposit Account number 

600125. 

-10-

Respectfully Submitted, 

/Gerard M. Wissing/ 

WISSING MILLER LLP 
Attorney for Applicant 
By: Gerard M. Wissing 

Reg. No. 36,309 
Tel.: 516-901-7027 
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CLAIMS 

1. A semiconductor device, which comprises a light-receiving part and a circuit part that are formed on a 
semiconductor substrate that is cmmnon thereto, comprising: 

a high specific resistance region, which is provided on a principle surface of the semiconductor 
substrate and is formed with high specific resistance owing to a low impurity concentration; 

wherein: 

the light-receiving part comprises: 
a first electrode region, which is disposed in contact with the high specific resistance region, is 

a first conductive semiconductor region having a higher impurity concentration than the high specific resistance 
10 region. and to which a first voltage is applied; and 

a second electrode region, which is disposed in contact with the high specific resistance 
region, is a second conductive semiconductor region having a higher impurity concentration than the high 
specific resistance region. and to which a second voltage is applied; 

between the first electrode region and the second electrode region is placed in a reverse-bias state 
owing to the first voltage and the second voltage, and thereby a depletion layer is formed in the high specific 
resistance region; and 

the circuit part comprises: 
a circuit-element region, wfach is provided on the principle surface and is a first conductive 

semiconductor region on which a circuit element is formed in the interior; and 

20 a junction-boundary region, which constitutes the boundary between the high specific 

30 

resistance region and the circuit-element region and is a second conductive semiconductor region having a 
higher impurity concentration than the high specific resist,mce region. 

2. The semiconductor device according to claim 1, wherein the high specific resistance region is the second 
conductive semiconductor region. 
3. The semiconductor device according to claim I or 2, wherein the high specific resistance region has a specific 
resistance of200 n-cm or more. 

4. The semiconductor device according to any one of claims 1-3. wherein the high specific resistance region is 
an epitaxial growth layer. 

5. The semiconductor device according to any one of claims 1-4. wherein: 
the second electrode region is an underlayer of the high specific resistance region; and 

the first electrode region and the circuit-element region are each formed on surface-layer portions of 
the high specific resistance region. 
6. The semiconductor device according to any one of claims 1-4, wherein the first electrode region. the second 
electrode region. and the circuit-element region are each formed on surface-layer portions of the high specific 
resistance region. 
7. The semiconductor device according to claim 6, wherein another second electrode region is an underlayer of 
the high specific resistance region. 
DETAILED DESCRIPTION OF THE INVENTION 

TECHNICAL FIELD 

40 [0001] 

The present invention relates to a semiconductor device that comprises a light-receiving part, which 
utilizes a depletion layer extending across a semiconductor region of high specific resistance. and generates 
signals by way of photoelectric conversion. 
BACKGROUND ART 
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[0002] 
Optical discs, such as CDs ( compact disks) and DVDs (digital versatile disks) have, in recent years, 

come to occupy a major position in the marketplace as inf01mation recording media. Playback devices for these 
optical discs radiate laser light along a track of the optical disc via an optical pickup mechanism and detect the 
reflected light thereof Furthermore, recorded data is played back based on the variation of the reflected light 
intensity. 

[0003) 
An optical disc-playback device perfonns servo control to control the positional relationship between 

the optical pickup mechanism and the optical disc while detecting data based on the reflected light. Specifically, 
10 tracking servo is performed for radiating the laser light along the center line of the track, and focusing servo is 

performed to maintain a constant distance benveen the optical disc and the optical pickup mechanism. In 
focusing servo control, for example, variable control is performed to vary the location of the optical pickup 
mechanism, using an actuator, based on an output signal from a photodetector that detects the laser reflected 
light, thereby maintaining a constant distanced to the optical disc. Thereby, fluctuation in the reflected light 
quantity in response to shifts in the focus of the radiated light on the front surface of the optical disc is cmiailed, 
and thereby noise superimposed on the received-light signals is suppressed. 

[0004] 
To obtain information for this kind of servo control, something that partitions a reflected-light image 

into a plurality of blocks and receives light is used as the photodetector. FIG. 9 includes schematic diagrams that 
20 show a light-receiving part of the photodetector and the reflected-light image on the light-receiving part. The 

laser reflected light passes through a cylindrical lens and impinges on the photodetector. According to the 
principle of astigmatism, the dimensional propo11ions of the image of reflected light that has impinged a circular 
cross-section on the cylindrical lens and then passed through the lens will vary in two orthogonal directions in 
accordance with distanced benveen the optical pickup mechanism and the optical disc. Specifically, in the 
situation in ·which distance cl is a target value, distanced is set so that the reflected-light image becomes a 
perfect circle 30 as shown in FIG. 9(b). In contrast, for example, in the situation in which distance cl is over, the 
reflected-light image becomes an ellipse 32, which is vertically long as shown in FIG. 9(a), and in the situation 
in which distance dis under, the reflected-light image becomes an ellipse 34, which is horizontally long as 
shown in FIG. 9(c). 

30 [0005] 
The photodetector comprises, for example, the light-receiving part, which is divided into four blocks 

36, 2x2, where each of the blocks constitutes a light-receiving element that outputs received-light signals. The 
photodetector is disposed such that each diagonal direction along the 2x2 square array of light-receiving 
elements coincides with an axis of the ve11ically long ellipse 32 and an axis of the horizontally long ellipse 34, 
respectively. By such an arrangement, in FIG. 9, the shapes of the reflected-light images can be distinguished on 
the basis of the difference between the sum of the output signals of the two light-receiving elements aligned 
along the diagonal line in the vertical direction ,md the sum of the output signals of the two light-receiving 
elements aligned along the diagonal line in the horizontal direction, and thereby can be used to control distance 
d. In contrast, the reflected light intensity, in accordance with data, can be derived from the sum total of the 

40 output signals of the four light-receiving elements. 

[0006] 
Because the rate at which data is read from the optical disc is extremely high, the photodetector is 

configured from semiconductor elements in which PIN photodiodes having a fast response speed are used. FIG. 
10 is a schematic, cross-sectional view of one light-receiving element that constitutes a conventional 
photodetector. This diagram shows the vertical cross-sectional structure of a PIN photodiode, which is the light­
receiving element. In this semiconductor element, a p-type semiconductor substrate 40 becomes the anode 
region 42 of the photodiode, and an i-layer 44, which has a low impurity concentration and high specific 
resistance, is fonned on the anode region 42 via epitaxial grmvth. The impurity concentration of the i-layer 44 is 
extremely low, and the specific resistance thereof is on the order of 100 n-cm and is higher, by an order of 

50 magnitude, than that of a semiconductor substrate used in other generic semiconductor elements. Ann- region, 
which becomes a cathode region 48, is fonned on the front surface of the i-layer 44. By disposing the low 
concentration i-layer 44 bet\veen the anode region 42 and the cathode region 48, a depletion layer can be formed 
in the i-layer 44 even when a reverse-bia5 voltage applied between the anode and the cathode becomes low, 
thereby enabling low-voltage driving of the photodetector. 

[0007] 
The anode region 42, the i-layer 44, and the cathode region 48 constitute the PIN photodiode that 

becomes each light-receiving element of the photodetector. The anode region 42 and the cathode region 48 of 
the PIN photodiode are each connected to a voltage tenninal, and a reverse-bias voltage is applied between the 
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tenninals. The depletion layer is fonned in the i-layer 44 between the anode region 42 and the cathode region 48 
in the reverse-bias state, and the electrons emitted owing to absorption of the incident light within the depletion 
layer move toward the cathode region 48 owing to the electrical field within the depletion layer and are output 
as the received-light signal. 

[0008] 

The thickness of the i-layer 44 is set to approximately the absorption length or more within the 
semiconductor for the light to be detected. For example, the absorption length in silicon with respect to light in 
the 780 nm band or the 650 nm band, which is employed in CDs and DVDs, is approximately 10-20 rim. 

DISCLOSURE OF THE INVENTION 

10 PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] 

The weak photo-electrical conversion signals generated by the light-receiving parts are amplified by an 
amplifier and output to a later-stage signal-processing circuit. Here, from the viewpoint of curtailing attenuation 
of the photo-electrical conversion signals and suppressing the superimposition of noise, the length of wiring 
between the light-receiving pm1s and the amplifier is configured to be as short as possible. Based on this 
viewpoint, and from the vievvpoint of reducing the manufacturing cost of the photodetector, it would be ideal to 
form the circuits-such as the light-receiving parts, each of which has the PIN photodiode strncture, and the 
amplifier--on the same semiconductor chip. In this situation, as shown in the schematic, cross-sectional view in 
FIG. 11, an N-well 50, which is an n-type impurity region, is formed in the front surface of the i-layer 44, which 

20 is fonned on the low-concentration p-type region, and within this N-well 50, for example, a p-channel MOSFET 
(Metal Oxide Semiconductor Field Effect Transistor: MOS-type field effect transistor) 52 and an n-channel 
MOSFET 54 can be formed to constitute a CMOS (Complementary Metal Oxide Semiconductor). However, 
due to the impurity concentration of the i-layer 44 being extremely low, this configuration has the problem that 
the leakage cuuent at the pnjunction between the i-layer 44 and the N-well becomes large. 

[0010] 

The present invention was conceived in order to solve the above-mentioned problems, and an object of 
the present invention is to provide a semiconductor element for photodetection that can be driven at low voltage 
and high speeds and can achieve a reduction in cost. 

MEANS FOR SOLVING THE PROBLEMS 
30 [0011] 

A semiconductor device of the present invention, which comprises a light-receiving part and a circuit 
paii that are fr)f!ned on a semiconductor substrate that is common thereto, comprising: a high specific resistai1ce 
region, which is provided on a principle surface of the semiconductor substrate and is formed with high specific 
resistance owing to a low impurity concentration; wherein the light-receiving part comprises: a first electrode 
region, which is disposed in contact with the high specific resistance region, is a first conductive semiconductor 
region having a higher impurity concentration than the high specific resistance region, and to which a first 
voltage is applied; and a second electrode region, which is disposed in contact with the high specific resistance 
region, is a second conductive semiconductor region having a higher impurity concentration than the high 
specific resistance region, and to which a second voltage is applied; between the first electrode region and the 

40 second electrode region is placed in a reverse-bias state owing to the first voltage and the second voltage, and 
thereby a depletion layer is formed in the high specific resistance region; and the circuit pa11 comprises: a 
circuit-element region, which is provided on the principle surface and is a first conductive semiconductor region 
on which a circuit element is f<mned in the interior; and a junction-boundary region, which constitutes the 
bmmdary between the high specific resistance region and the circuit-element region and is a second conductive 
semiconductor region having a higher impurity concentration than the high specific resistance region. 

EFFECTS OF THE INVENTION 

[0012] 

According to the present invention, a junction-boundary region of a concentration higher than that of 
the high specific resistance region is provided at the boundary between the high specific resistance region and 

50 the circuit-element region to have a conductivity type that is the reverse of the circuit-element region. The 
expansion of a depletion layer that can generate electric charges due to thermal excitation or the like is curtailed 
and leakage current is inhibited at the pn junction portion that is fonned by this junction-bmmdary region and 
this circuit-element region. As a result, a circuit pm1 that includes a circuit element such as a CMOS c,m be 
provided together with the light-receiving part and formed on the same substrate, and thereby a low voltage and 
high-speed driven photodetection semiconductor element can be realized while curtailing costs. 

BEST MODES FOR CARRYING OUT THE INVENTION 
[0013] 

Modes for implementing the present invention (refeued to below as embodiments) are explained below 
on the basis of the drawings. 
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[0014] 
[First Embodiment] 

FIG. 1 is a schematic plan view of a photodetector, which is a semiconductor element of the 
embodiment. A photodetector 60 is fonned on a semiconductor substrate composed of silicon, and a light­
receiving part 62 is disposed in an opening portion (not shown) provided in a protective film that is layered on 
the front surface of the semiconductor substrate. The light-receiving part 62 comprises, for example, four PIN 
photodiodes (PD) 64, which are amtyed 2x2, and partitions light incident from an optical system onto the 
substrate front surface into four blocks, 2x2, and receives that light. A signal-processing circuit part 66, as well 
as the light-receiving pm-t 62, is formed on the semiconductor substrate. The signal-processing circuit part 66 is 

10 disposed, for example, around the light-receiving part 62. The signal-processing circuit part 66 comprises, for 
example, circuit elements, such as CMOSs 68, and these circuit element5 can be used to form, on the same 
semiconductor chip as the light-receiving part 62: an amplifier circuit for the output signals from the light­
receiving part 62; or another signal-processing circuit. 

[0015] 
FIG. 2 is a more detailed plan view of the light-receiving part 62. Each of the PDs 64 is demarcated by 

an isolation region 70, which is f<mned on the front surface of the semiconductor substrate surrounding the PDs 
64. The isolation region 70 is fonned, for example, asap+ region in which a high concentration of p-type 
impurities is diffused. The absorption of light generates electrons and electron holes in portions on the silicon 
substrate that correspond to the light-receiving part. A cathode region 72, in which electrons from among the 

20 generated electric charges are collected, is disposed in each of the PDs 64 as the cathode. Each of the cathode 
regions 72 is f01med, for example, as an n+ region in which a high concentration ofn-type in1purities is diffnsed. 

[0016] 
The isolation region 70 and each of the cathode regions 72 is connected via a contact to a wiring 

fonned in, for example, an aluminum (Al) layer or the like. A ground potential is applied to the isolation region 
70, for example, via a wiring 74. In addition, the signal charges collected in the cathode regions 72 are read out 
via wirings 76. 

[0017] 
FIG. 3 is a schematic, cross-sectional view that shows the structme of the light-receiving part 62 and 

the signal-processing circuit part 66 in a vertical cross section ofthe semiconductor substrate through a straight 
30 line A-A', which is shown in FIG. 1 and FIG. 2, respectively. Two of the PDs 64 of the light-receiving part 62 

mid the CMOS 68 of the signal-processing circuit pm-t 66 appear in this cross section. 

[0018] 
The present photodetector 60 is formed by employing a semiconductor substrate onto which a 

semiconductor layer, having a lower impurity concentration than a P-sub layer 80 and a high specific resistance, 
is layered onto one principle surface of the P-sub layer 80, which is a p-t:n1e silicon substrate into which p-type 
impurities have been introduced. The P-sub layer 80 constitutes the anode, which is common to all the PDs 64; 
and, for example, a ground potential from the substrate rear surface is applied to the P-sub layer 80. The 
semiconductor layer, which has high specific resistance and is layered onto the P-sub layer 80, is fonned, for 
example, by epitaxial grm-vth. This epitaxial layer 82 (high specific resistance region) constitutes the i-layer of 

40 each ofthe PDs 64 in the light-receiving part 62. The low-concentration impurity introduced into the epitaxial 
layer 82 is, for example, a p-type impurity. In addition, specific resistance p of the epitaxial layer 82 is at least 
200 O·cm or more, and here, pis approximately 500 O·cm. In addition, the thickness of the epitaxial layer 82 
that constitutes the i-layer is set to approximately the absorption length or more within the semiconductor for the 
light to be detected. For example, the absorption length of silicon with respect to light in the 780 nm band or the 
650 nm band, which is employed in CDs and DVDs, is approximately 10-20 µm. Accordingly, here, the 
thickness of the epitaxial layer 82 is set to 10-20 µm. 

[0019] 
The isolation region 70 and the cathode regions 72 described above are formed on the front surface of 

the epitaxial layer 82 in the light-receiving part 62. The introduction of impurities into the isolation region 70 
50 and the cathode regions 72, respectively, is achieved by forming a mask, which is fonned by photolithographic 

techniques, on the front surface of the silicon substrate on which this epitaxial layer 82 is formed, and 
employing this mask to selectively perform ion implantation of target regions. 

[0020) 
Incidentally, the impurities introduced by ion implantation at each of the locations at which the 

isolation region 70 and the cathode regions 72 are fom1ed are further subject to a thennal diffusion process, as 
necessary, such that the impurities are pushed further in the depth direction of the substrate. That push amount 
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can be separately controlled for the isolation region 70 and the cathode regions 72, respectively. As described 
below, the isolation region 70, for example, functions to suppress crosstalk, among the PDs 64, of the signal 
charges collecting in the cathode regions 72. Therefore, the depth of the isolation region 70 can be set, for 
example, to deeper than the cathode regions 72. In contrast, by making the depth of the cathode regions 72 
shallow, the depletion layer formed in the i-layer beneath each of the cathode regions 72 expands from 
proximate to the substrate front surface, ,md thereby an improvement in photoelectric conversion efficiency c,m 
be expected at each of the PDs 64. In this manner, in the situation in which the cathode regions 72 are to be 
fonned shallower than the isolation region 70, it is ideal to perform the ion implantation and thermal diffusion of 
impurities into the isolation region 70 prior to ion implantation into the cathode regions 72. 

10 [0021) 
It is noted that, in the configuration of the present photodetector 60, the epitaxial layer 82 of high 

specific resistance exists as the i-layer between the isolation region 70 and the P-sub layer 80, without the 
isolation region 70 reaching as far as the P-sub layer 80. In addition, a ground potential is applied to the 
isolation region 70 via the wiring 74, which is provided on the substrate front-surface side as described above, 
and the isolation region 70 together ,vith the P-sub layer 80 constitutes an anode. 

[0022] 
In contrast, in the signal-processing circuit part 66, a P-well 84 and an N-well 86 are fonned in a 

surface-layer portion of the epitaxial layer 82 corresponding to a formation region for the CMOS 68. Here, the 
N-well 86 is a circuit-element region in which a circuit element is formed in the interior as described below, and 

20 the P-well 84 is a junction-boundary region that forms the boundary between the N-well 86 and the epita,xial 
layer 82. The P-,vell 84 and the N-well 86 are each fom1ed, for example, by ion implantation. Specifically, ion 
implantation that forms the P-well 84 is performed first, then, the N-well 86 is formed, by ion implantation, in 
the interior of the P-well 84 such that the N-well 86 is shallower than the P-well 84. The depths of the P-well 84 
and the N-well 86 can be made different from each other by adjusting the ion implantation energy or by 
selecting the ion type for each of the P-,vell 84 and the N-well 86. The concentration of the N-well 86 can be 
established in accordance with its relationship to the CMOS 68 formed within that region. The P-well 84 is 
configured to have a higher concentration than that of the epitaxial layer 82, and thereby inhibits junction 
leakage current between the epitaxial layer 82 and the N-well 86. 

[0023) 
30 A p-chaimel MOSFET 88 and an n-channel MOSFET 90, which constitute the CMOS 68, are formed 

inside the N-well 86. The p-channel MOSFET 88 is fom1ed, for example, by additionally f<mning an N-well 92 
inside the N-well 86 and forming a source region 94 and a drain region 96, which are p-'- regions, on the front 
surface of the N-,vell 92. A gate electrode 100 is disposed above a channel region, which is between the source 
region 94 and the drain region 96, with a gate oxide film 98 interposed therebetween. Then-channel MOSFET 
90 is fr)f!ned by additionally f<mning a P-well 102 inside the N-well 86 and fonning a source region 104 and a 
drain region 106, which are n_,_ regions. on the front surface of the P-well 102. A gate electrode 110 is disposed 
above a channel region, which is between the source region 104 and the drain region 106, with the gate oxide 
film 98 interposed there between. The gate electrodes 100, 110 are fr)f!ned, for example, by using polysilicon, 
tungsten (W), or the like. 

40 [0024) 
It is noted that, LOCOSs (local oxidation film) 112 are formed, on the front surface of the epitaxial 

layer 82, at the boundary between the fomrntion region of the CMOS 68 and the epitaxial layer 82 for the 
purpose of isolating the regions. In addition, a LOCOS 114 is formed at the boundary between the p-chaimel 
MOSFET 88 and then-channel MOSFET 90 for the purpose of isolating elements. 

[0025) 
An anti-reflection film 116 is layered onto the substrate front surface on which the light-receiving part 

62 and the signal-processing circuit part 66 are formed as described above. The anti-reflection film 116 is 
composed of, for example, a silicon nitride film. Furthermore, although a planarized film, a wiring layer, and a 
light-shielding layer are formed thereon, these are not shown in FIG. 3 for simplicity. 

50 [0026] 
FIG. 4 is a schematic view that shows a circuit configuration during operation of the present 

photodetector 60 ,md shows an electric potential distribution at a cross section of the light-receiving part. 
Similar to FIG. 3, the cross section of the light-receiving part 62 shown in FIG. 4 is along the straight line A-A', 
which is shown in FIG. 1 and FIG. 2. A reverse-bias voltage is applied, by a voltage source 120, between the 
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cathode regions 72 and the isolation region 70 and between the cathode regions 72 and the P-sub layer 80. 
Specifically, the wiring (the wirings 76 in FIG. 2) from each of the cathode regions 72 is connected to one of the 
input tenninals of an op amp 122, and a positive voltage Vb is input from the voltage source 120 into the other 
input terminal of that op amp 122. The output terminal of each of the op amps 122 is connected to the 
corresponding cathode region 72 via a resistor. thereby constituting a current detector device. According to this 
configuration, positive voltage Vb is applied to the cathode regions 72 using the electrical potential of the 
isolation region 70 and the P-sub layer 80 as a reference, and a voltage that corresponds to the cathode current is 
extracted from the output tem1inal of each of the op amps 122. Incidentally, the current detector devices, which 
each includes the op amp 122, can be formed on the signal-processing circuit part 66. 

10 (0027) 

A number of equipotential lines are depicted in the cross-sectional view using dotted lines. This cross­
sectional view indicates that the depletion layer expands in the epitaxial layer 82, which constitutes the i-layer, 
owing to a reverse-bias voltage being applied to the anode and cathode of each of the PIN photodiodes. The 
potential deepens, i.e., increases, with proximity to one of the cathode regions 72, and a potential well is formed 
for the electrons centered on each of the cathode regions 72. 

(0028] 

The potential at a bmmdary region 124-which is between the isolation region 70 and the P-sub layer 
80-of the epitaxial layer 82 becomes less by applying a ground potential, which becomes a reverse bias, to the 
cathode regions 66, with the isolation region 70 and the P-sub layer 80 serving as the anode. That is, by 

20 providing a ground potential with the P-sub layer 80 as well as the isolation region 70 serving as the anode. the 
potential of the boundary region 124 beneath the isolation region 70 is pulled in a direction in ·which it become 
shallow. Thereby, a potential barrier is fonned, against the movement of the electrons, between the potential 
wells corresponding to adjacent PDs 64 that sandwich the isolation region 70. 

(0029] 

For ex,m1ple, in FIG. 4, the electrons emitted by the i-layer beneath the left-side cathode region 72-1 
owing to the light incident on the left-side PD 64 are able to move easily toward the cathode region 72-1 along 
the electric field of the left-side potential well: however, it is difficult for those electrons to move tm-vard the 
right-side cathode region 72-2 because of the potential barrier that exists therebetween in the region 124. 
Consequently, the signal charges conesponding to the light incident on the left-side PD 64 collect primarily in 

30 the cathode region 72-1. Similarly, it is difficult for the signal charges corresponding to the light incident on the 
right-side PD 64 to move to the cathode region 72-1 m-ving to the existence of the potential barrier, and 
therefore. the signal charges collect primarily in the cathode region 72-2. The amount of electrons that collect in 
each of the cathode regions 72 is detected as the cathode cunent via the corresponding op amp 122. 

(0030) 

Thus, by making the P-sub layer 80 and the isolation region 70 serve as the anode, element isolation 
can be achieved between the PDs 64 regardless of whether the i-layer of the adjacent PDs 64 are connected 
beneath the isolation region 70, and thereby a received-light signal, in which crosstalk is suppressed, can be 
obtained. 

(0031] 

40 In addition, in the configuration of the present photodetector, the P-sub layer 80 serves as the anode, 
and this P-sub layer 80 extends beneath the signal-processing circuit pm1 66 as well. Here, the impurity 
concentration in the epitaxial layer 82 is extremely low. Consequently, in a configuration in which the epitaxial 
layer 82 contacts the N-well 86, the lower the electric potential in the P-sub layer 80, the easier it is for the 
depletion layer to expand into a junction portion at which the epitaxial layer 82 and the N-well 86 are joined. In 
the depletion layer, it is easier for electric charges to be emitted by thennal excitation or the like, which can 
cause leakage current to be generated. That is, in a configuration of a photodetector in which the c01mnon P-sub 
layer 80 is disposed beneath the light-receiving part 62 and the signal-processing circuit part 66. and a grmmd 
potential is applied ,vith this P-sub layer 80 serving as the anode of the light-receiving part 62, it becomes easier 
for leakage cunent to be generated if the N-well 86 of the signal-processing circuit part 66 directly contacts the 

50 epitaxial layer 82. Given that point, in the present photodetector 60, the P-well 84, which has a higher impurity 
concentration than the epitaxial layer 82. is provided at the boundary between the N-well 86 and the epita,xial 
layer 82, and thereby the expansion of the depletion layer into the pnjunction becomes small and curtaihnent of 
leakage current is achieved. 

(0032] 

In addition. the depletion layer in the epitaxial layer 82, which is the boundary with the N-well 86. 
expands not only at the lower-surface side of the N-,vell 86 but also at the side surfaces. At a boundary portion 
between the light-receiving part 62 and the signal-processing circuit part 66 in particular, because the isolation 
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region 70, which is the anode, is grounded and made to have a low electric potential, it is easy for the depletion 
layer to expand, and thereby it is easy for leakage current to be generated. However, by having a structure in 
which the P-well 84 is disposed at side portions of the N-well 86 as well, expansion of the depletion layer in the 
horizontal direction such that it enters the boundary portion between the light-receiving part 62 and the signal­
processing circuit part 66 is also curtailed, and thereby a decrease in leakage current is achieved. 

[0033] 

It is noted that, in the light-receiving part 62 described above, the PDs 64 are disposed adjacent to each 
other ,vith the isolation region 70 placed between them. Here, as one conventional teclmique for element 
isolation, the LOCOS method is known. According to that technique, for example, a thick oxide film that 

10 penetrates the substrate similar to the LOCOSs 112. 114 formed on the signal-processing circuit part 66 is 
caused to grow selectively in a p+ region similar to the one in which the separation region 70 is formed. While 
on the one hand this technique can be applied to the light-receiving part 62 as well, this technique is not adopted 
in the present embodiment. Tims, by not forming a LOCOS oxide film on the isolation region 70, the light 
incident on the isolation region 70 from above is no longer attenuated by the LOCOS oxide film. Here, beneath 
the isolation region 70 is the i-layer, which can be depleted. Consequently, attenuation of the light is curtailed 
and the light incident on the isolation region 70 from above reaches the i-layer beneath the isolation region 70 
and can generate the signal charge; thereby, detection efficiency for light that is incident on the light-receiving 
part 62 improves. 

[0034] 

20 In addition, the isolation region 70 can become a non-sensitive region with respect to detecting 
incidence light. Here, by not forming the LOCOS oxide film, diffusion in the horizontal direction of the 
isolation region 70 during that formation process is avoided. As a result, because the proportion of the isolation 
region 70 taking up the light-receiving part is curtailed, an improvement in the detection efficiency for the light 
incident on the light-receiving part is achieved even at this point. 

[0035] 

The structure of the light-receiving part 62 of the photodetector 60 is not limited to the configuration 
described above. FIG. 5 is a schematic, cross-sectional view that shows another structure of the light-receiving 
part 62 and shows a vertical cross section of the semiconductor substrate along the straight line A-A'. which is 
shown in FIG. 1 and FIG. 2. It is noted that the plan view of this light-receiving part 62 is in common with that 

30 shown in FIG. 2. A feature of the light-receiving part 62 shown in FIG. 5 is that it has a lower-portion isolation 
region 150, which is a p+ region that protrndes from the P-sub layer 80 at locations opposing the isolation region 
70. This lower-portion isolation region 150 receives the voltage applied to the P-sub layer 80 and. together with 
the P-sub layer 80, functions as a substrate-side ,mode. Owing to the lmver-p011ion isolation region 150, the 
distance between the anode that is constituted by the isolation region 70 and the substrate-side anode is reduced 
at the boundaries of the PDs 64. As a result, the potential barriers for the electrons are more suitably fom1ed in 
the epitaxial layer 82 at the boundaries of the PDs 64, thereby improving the element isolation performance 
between the PDs 64. 
[0036] 

The lower-pmiion isolation region 150 is fanned, fix example, by introducing p-type impurities, 
40 through ion implantation. etc., at locations on the epitaxial layer 82 corresponding to the boundaries between the 

PDs 64 in the stage in w-hich the epitaxial layer 82 is layered onto the P-sub layer 80 to a partial thickness. Thus. 
after the lower-pmiion isolation region 150 is fanned, the epitaxial layer 82 is caused to grow to the remaining 
thickness. Thereafter, similar to the light-receiving part 62, which exhibits the cross-sectional structure shown in 
FIG. 3, the structure on the substrate front surface having the isolation region 70, the cathode regions 72. etc., is 
formed. 

[0037] 

In the situation in which the structure of the light-receiving part 62 shown in FIG. 5 is adopted instead 
of the structure of the light-receiving part 62 shown in FIG. 3, here, as well, the expansion of the depletion layer 
into the epitaxial layer 82 from the bmmdary with the N-well 86 can be curtailed by providing the P-well 84 on 

50 the signal-processing circuit part 66. As a result, the photodetector 60 is achieved in which junction leakage 
current at the junction between the epitaxial layer 82 and the N-well 86 is curtailed. 

[0038] 

[Second Embodiment] 
Except for points where the structure of the light-receiving part 62 is different from the above­

mentioned first embodiment, the photodetector 60, which is a second embodiment explained below, has a 
configuration that is basically the same as the above-mentioned first embodiment; in the present embodin1ent, 
constituent elements having the same functions and properties as those of the first embodiment are assigned 
reference numerals identical to those of the first embodiment. A schematic plan view of the photodetector 60 of 
the present embodiment is identical to that of FIG. L which is referenced here. 

60 [0039] 
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FIG. 6 is a schematic plan view of the light-receiving part 62 of the present photodetector 60. Similar 
to the photodetector of the first embodiment. the present photodetector 60 is formed on the semiconductor 
substrate, which is composed of silicon, and the light-receiving part 62 is disposed in the opening portion (not 
shmvn) that is provided in the protective film layered on the front surface of the semiconductor substrate. The 
light-receiving part 62 partitions light incident on the substrate fi:ont surface into four blocks, 2x2, and receives 
that light. 

[0040) 
Cathode regions 200 are disposed, corresponding to the PDs 64, on the front surface of the 

semiconductor substrate on the outer periphery of the light-receiving part 62. In addition, an anode region 202 is 
10 disposed on the front surface of the semiconductor substrate between adjacent PDs 64 to provide element 

isolation bet\veen the PDs 64. 

[0041] 
Each of the cathode regions 200 is formed as an n+ region along the outer periphery of the light­

receiving part. for example. by diffusing a high concentration of n-type impurities from the front surface of a 
trench 204 that is L-shaped in planar form. In contrast, the anode region 202 is fonned a5 a p+ region between 
adjacent PDs 64, for example, by diffosing a high concentration of p-type impurities from the front surface of a 
trench 206 that is plus-shaped in planar form. Each of the cathode regions 200 is connected via a contact to 
wiring (not shown) formed from. for example. an alumimm1 (Al) layer or the like, ,md ftmctions as the cathode 
of the corresponding PD 64, which is a PIN photodiode. In contrast, the anode region 202 is connected via a 

20 contact to wiring (not shown), and functions as an anode that is common to all the PIN photodiodes. 

[0042) 
FIG. 7 is a schematic. cross-sectional view that shmvs the structure of the light-receiving part 62 and 

the signal-processing circuit part 66 in a vertical cross section of the semiconductor substrate through a straight 
line A-A', which is shown in FIG. 1 and FIG. 6, respectively. Two of the PDs 64 of the light-receiving part 62 
and the CMOS 68 of the signal-processing circuit part 66 appear in this cross section. The epitaxial layer 82 
having high specific resistance and layered onto one principle surface of the P-sub layer 80, which is a p-type 
silicon substrate, constitutes the i-layer of the PIN photodiodes. The trenches 204, 206, the cathode regions 200, 
and the anode region 202 described above are formed on the front surface of the epitaxial layer 82. The trenches 
204, 206 are formed by etching the front surface of the semiconductor substrate. After forming the trenches 204, 

30 206, a resist is applied to the front surface of the semiconductor substrate, the resist is patterned, and apertures 
are f<mned surrounded by the trenches 204. Ion implantation of n-type impurities is perf<mned with this resist 
serving as a mask. By making the implantation direction inclined, ion implantation also occurs at the wall 
surfaces of the trenches 204, and the cathode regions 200 are formed on the front surface of each of the trenches 
204, i.e., the wall surfaces and the bottom surface of each of the trenches 204. Similarly, a ma5k having an 
aperture corresponding to the trench 206 is fom1ed using the resist, ion implantation of p-type impurities is 
performed, and thereby the anode region 202 is formed on the front surface of the trench 206, i.e., on the wall 
smfaces and bottom surface of the trench 206. 
[0043] 

It is noted that the processes i<.)r f<mning the cathode regions 200 and the anode region 202 can include 
40 a thermal diffusion step, as necessary, ·which is performed after the ion implantation described above. In 

addition. after forming the cathode regions 200 and the anode region 202, the trenches 204, 206 can be filled 
with an insulating film to achieve a structure in which the front surface of the light-receiving part is planarized. 
[0044] 

While the cathode regions 200 and the anode region 202 fonned using the trenches 204, 206, 
respectively, as described above, constitute the anode and the cathode of each of the PIN photodiodes, they also 
summnd the PDs 64 and fonction to isolate each of the PDs 64 from the outside thereof. Incidentally, this kind 
of configuration is known as the STI (Shallow Trench Isolation) technique. 

[0045) 
The epitaxial layer 82 appears on the front surface at the inner-side portions smrnunded by the cathode 

50 regions 200 and the anode region 202 of the PDs 64. As described below, each of these portions becomes a 
semiconductor region (a light-receiving semiconductor region 208) that is sensitive to the light incident on the 
light-receiving part. 

[0046) 
FIG. 8 is a schematic view that shows a circuit configuration during operation of the present 

photodetector 60 and shows an electric potential distribution at a cross section of the light-receiving part 62. 
Similar to FIG. 7, the cross section of the light-receiving part 62 shown in FIG. 8 is along the straight line A-A', 
which is shown in FIG. l and FIG. 6. Each of the cathode regions 200 is placed in a reverse-bias state in relation 
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to the anode region 202 and the P-sub layer 80, which are made a grmmd potential using the voltage source 120. 
Specifically, the wiring from each of the cathode regions 200 is connected to one of the input terminals of the 
corresponding op amp 122, and the positive voltage Vb from the voltage source 120 is input to the other input 
tenninal of that op amp 122. The output tenninal of each of the op amps 122 is connected to the corresponding 
cathode region 200 via a resistor, to thereby constitute a current detector device. According to this configuration, 
Vb is applied to the cathode regions 200, and a voltage that corresponds to the cathode current is extracted from 
the output temrinal of each of the op amps 92. Incidentally, the current detector devices, which each includes the 
op amp 122, can be formed on the signal-processing circuit part 66. 
[0047] 

10 A number of equipotential lines are depicted in the cross-sectional view using dotted lines. This cross-
sectional view indicates that the depletion layer expands in the epitaxial layer 82, which constitutes the i-layer, 
owing to the reverse-bias voltage being applied to the cathode and the anode of each of the PIN photodiodes. 
The cathode regions 200 and the anode region 202 are both disposed on the front surface of the semiconductor 
substrate, and the light-receiving senriconductor regions 208 located in the vicinity of the front surface of the 
semiconductor substrate between the cathode regions 200 and the anode region 202 constitute the i-layer. 
According to this configuration, the depletion layer likewise expands to the vicinity of the front surface of the 
semiconductor substrate in correspondence to the light-receiving semiconductor regions 208 when the reverse­
bias voltage is applied. 

[0048] 
20 The potential within the depletion layer increases from the anode region 202 towan.t the respective 

cathode region 200. That is. a potential ,veil is formed at a location corresponding to each of the cathode regions 
200. In addition, the potential becomes low at the boundary portions bet\veen adjacent PDs 64, which 
correspond to the location of the anode region 202, a potential barrier with respect to the movement of electrons 
is formed, and thereby element isolation between adjacent PDs 64 is achieved. 

[0049] 
The light incident on each of the PDs 64 generates electron-electron hole pairs, which function as the 

signal charges absorbed by the depletion layer, and the electrons of these pairs collect in the neighboring 
cathode regions 200. The amount of electrons that collect in each of the cathode regions 200 is detected by the 
corresponding op amp 122 as the cathode current. The signal charges are generated in each of the PDs 64 of the 

30 present photodetector 60 also owing to the light absorbed in the vicinity of the front surface of the 
corresponding light-receiving semiconductor region 208, and those signal charges can be detected from the 
corresponding cathode region 200. Thereby, it becomes possible to extract the signal charges generated by 
short-wavelength light absorbed in the vicinity of the front surface of the semiconductor substrate as the 
received-light signal, and thereby sensitivity to short-wavelength light can be obtained. 

[0050] 
Incidentally, by employing an anisotropic etching technique, such as RIE (Reactive Ion Etching), as the 

etching method for forming the trenches 204. 206, for example, the trenches 204, 206 can be finely formed. and 
thereby the proportion of the light-receiving senriconductor region 208 that takes up the surface area of the front 
surface of the semiconductor substrate at each of the PDs 64 can be made large. Thereby, an improvement in the 

40 sensitivity of the PDs 64 is achieved. 

[0051] 
In addition, because the junction surface area of the junctions between the cathode regions 200 and the 

epitaxial layer 82 and the junction between the anode region 202 and the epitaxial layer 82 can be made small, 
the inter-terminal capacitance between the cathode and anode of each of the PIN photodiodes is curtailed, and 
thereby it becomes possible to secure satisfactory responsiveness. 
[0052] 

In the configuration of the present photodetector 60, the N-well 86, in which the circuit elements are 
fonned in the signal-processing circuit part 66, is formed inside the epitaxial layer 82, which has an extremely 
low impurity concentration. Consequently, the depletion layer expands easily to the epitaxial layer 82 at the 

50 boundary with the N-well 86, and thereby leakage current is easily generated. Wnen the PIN photodiodes are 
used in the reverse-bias state in particular, the P-sub layer 80, which is the anode therefor, expands also to 
beneath the signal-processing circuit part 66. Although the epitaxial layer 82 is more easily depleted when the 
potential difference between the N-well 86 and the P-sub layer 80 is small (or is reverse biased), in the present 
photodetector 60, the P-well 84, which has a higher impurity concentration than the epitaxial layer 82, is 
provided at the boundary between the N-well 86 and the epitaxial layer 82, and thereby expansion of the 
depletion layer into the pn junction portion with the N-,vell 86 is reduced, ,md leakage current is curtailed. 

[0053] 
In addition, by having the strncture in which the P-well 84 also covers the side surfaces of the N-well 
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86, the depletion layer in the horizontal direction from the N-well 86 is also curtailed, and a decrease in leakage 
current is achieved. There are also situations in which the PDs 64 are laid out such that the anode region 202 is 
adjacent to the N-well 86, and in that situation in particular, the depletion layer, which expands in the horizontal 
direction, is easily formed in the epitaxial layer 82 therebetween. However, in the present photodetector 60, by 
having the strncture in which the P-well 84 is also disposed at the side portions of the N-well 86 as described 
above, in this situation as well, it becomes possible for the depletion layer to be suitably curtailed and the 
leakage current to be suitably inhibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] 

FIG. l is a schematic plan view of a photodetector, which is an embodiment of the present invention. 

FIG. 2 is a plan view of a light-receiving part of the photodetector according to the first embodiment. 

FIG. 3 is a cross-sectional vie,v of the photodetector according to the first embodiment. 

FIG. 4 is a schematic view that shows a circuit configuration during operation of the photodetector 
according to the first embodin1ent and shows an electric potential distribution at a cross section of the light­
receiving part. 

FIG. 5 is a cross-sectional view of another light-receiving part of the photodetector according to the 
first embodiment. 

FIG. 6 is a plan view of a light-receiving pm1 of a photodetector according to a second embodiment. 

FIG. 7 is a cross-sectional view of the light-receiving part of the photodetector according to the second 
20 embodiment. 

FIG. 8 is a schematic view that shows a circuit configuration during operation of the photodetector 
according to the second embodiment and shows an electric potential distribution at a cross section of the light­
receiving part. 

FIG. 9 includes schematic diagrams that show a light-receiving part of the photodetector and the 
reflected-light image on the light-receiving part. 

FIG. 10 is a schematic, cross-sectional view of one light-receiving element that constitutes a 
conventional photodetector. 

FIG. 11 is a cross-sectional view of an element and is for explaining the problems of a photodetector in 
which circuits, such as the light-receiving part having a PIN photodiode structure, an amplifier, and the like, are 

30 formed on the same semiconductor chip. 

40 

50 

EXPLANATION OF THE REFERENCE NUMBERS 

[0055] 

60 Photodetector 
62 Light-receiving part 
64 PIN photodiode (PD) 
66 Signal-processing circuit part 
68 CMOS 
70 
72,200 
74, 76 
80 
82 
84 
86,92 
88,102 
90 
94,104 
96,106 
98 
100, 110 
112 
116 
120 
122 
202 
204,206 
208 

Isolation region 
Cathode regions 
Wirings 
P-sub layer 
Epitaxial layer 
P-well 
N-wells 
p-channel MOSFETs 
n-channel MOSFET 
Source regions 
Drain regions 
Gate oxide film 
Gate electrodes 
LOCOS 
Anti-reflection film 
Voltage source 
Op amp 
Anode region 
Trenches 
Light-receiving semiconductor region 
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0l:rt~::i~~~~~~G~0:lY:*1Hffi~W~*71?mm90C.!::1f'.R~.!::900 
(:jll,! Im 1? ~q'. i1;; 9 6 tc ti) (J) ,f tc~ ) 
(0011) 

* Jt ~r1 1z: f.f{; .:;s ¥ l!fJ, 1* ~ rn it , :tt iill !l) ¥ "# ft 1ffi tlz ic % Ji.It c:: n t::. ~ Ye ~c & u 1m fr'~ g,; 1? ti 9 .:;s 
b 0) -c Js -:) T ' fjlj ilC '[<. WI {4, tt t& !l) ±. mi (e ;{!¾'. tr G ;/'1. ' m: + tit\ ~ ii!i ff[ tc. J: ~ r,?i tt m ti[ 1Z: }f:; .fi.\t ·~ 
~l 6 ;% tt tfi. tJl 1i~ t~ 1? tI L , ijlj g2 ~ ft l'if; jJ\ , Afj 1:!2 r% lt tEI ➔n ill'{ b..l 1Z: m L, T fJc ii':t ~ ~l , Afj 1:!2 r% lt 30 

mmM~~D't~+~~-~!l)m1#~~¥l!fJ,~~~-c~-:)-cm1ffl~1?m~~ti0m1 
'i'fil: i,,;f Hri w.x t . ~,J ;12 ,i~ tt jt1; j:ti: Ml .¼Ii 1z: t~ L. -r i1c rm c?: n , ~11 i2 1\!11 .t:t r11 :J:11 f~\ 11,,11 J: •) -t 1\!11 + i1n 'ti!.f ~ !ft 
!l) tii 2 W fti F\'1 '[<. ,f4 {:,$: jif{ ijJ~ -c: .:!S -) -C :tPI 2 ','g JI 1? [:[1 /J□ ~ n 6 m 2 fti Mi iffi fij).: t , 1f: fj L, , rJiJ fie :tPJ 
1 ~ j,]ii ilfi t!J\: & U Afj 1:!2 m 2 ~ MI ill'{ b..l ill f:1: mu fJ''i , ~fl ~2 :tPl 1 ~ IE & tf ~fl ~2 :tPl 2 ~ IE (e ~ •) ~ 1-:; -1 
7 .A ~R it~ t ~ {l T ' fjl] ii2 fr1 tt tff t/1 Hrl ~ (e ~ :z. l<i>i 1? Jr; f1X l ' r)rj iic [i,J gt7r ;qf; TJ' ' fjl] i12 t !Iii [Z: ~':,z I J 
G tl , 1AJ fm te fiil W5 * =y. iJ'> .lf: .IR ·~ ;/l 0 ;{i 1 WI t.Jl Ji;~ 'f JM, 1* Hfi tiJ: -c ~ 0 lr1! W5 * 7 iff1 tiJ: t , r~u fi2 N?i 
tt J,rl m nft ±!)\( & U' ~rj de [ill g& * :F- fi~ ±!)\( (J) F,ij 0) f{t Jr- 7<t Wt )JX L . Mif B2 ;% tt tll tJl j',~ t!J\: J: f) 't, ;% 1-.: tflj i1JJ 

ii~ It o) %41 2 W 'ftt f~/ ¥ # {$: Hrl ~ T «J 0 t~ u i1£ ?t Hrl ri t , 1f: ff 9 0 t. !l) c .:ts 0 o 

[ )e r1FJ !l) ;11 * ) 
( 0 0 l 2 ) 40 

*~M~J:n~, r%1tmffim±i)l(tfiiJm#=r-m•t~~w~@ffi*7M±i)l(ttl&~~•~ 
lf~l c: rr1 tt ¾If tn 1lN mx ~ I) fr'.1i r1~ m: o) 1t n JJ£ w 'ii~ ±Bx i} ~Q' i .1 G tl o " c u> }t f;- if£ JY 1i~ ri t 1rn w& i~ r 
f~\ flI\1 t iJ'> Jf:; fiX 9 0 p n t~ fr /if) 5J tc :J=s v • T fl , Af~ /!f/J )Eg ~&- le ,Ji\ l:tl L T m w J.t 5it :':t l 1W. 0 '6". z f{'i 
o) tJt i} •) if. tm ;WJ ~ t1 . 1J - 'J '<'t 1fit iJ, tr11 ijf1J ~ n 0 C -z- u) i,~ .W:, c M o s '¥ u) i,c;J w& * T· 1? 0, u 
lill g& ~f; 7<t §: 3/c gr,/;: I# ~Q L T fi'i:l - lt i'& r:: Jf; fi>Z -t 6 C t 7')\ -c: ~ , ::I 7.. }- 1? 4JTJ ;f;lj L ,..J ~-~ fll ~ IE t;, 
~;%~~~(])3/c~/Jlffi¥W~*+~~ffl90Cl:~T~00 
[~~1?~~90kif>!l)0&~%~) 
(0013) 

.LY, F. * ·JE fJIJ 0) ~h'. rilli U) ff;~ ( 11 F ~t rJlli ff5 ~ .!:: v• -j ) 1e -J 1.' T . I'm it'll 1Z: :!tt -5 v' T i'Jl 11r] 9 6 
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[0014) 

[ J~ fft!i JtHl~ I J 
~ILl. ~~%-0-'¥W~#7T~0~~ili~~-~0~~~T06c *~~ili~60 

(.i ;/ 1J ::1 > iJ' s t.1 0 ¥ ¥J 1* & ifi tz:: tFJ }ix ~ n . + 'if!. 1* 1;:1; trx: tI rlii t re m mi c". tl o f~ ;~ 11i re ~Q' u­
G n t::. rm u ms 5-J c f'l'.J 5f; -t±- -f ) tz:: ~ Ye 011 6 2 h' iv2 tit ·~ il 0 o ~ Yt ms 6 2 ii . ff1J x cf . 2 x 2 
!Z:: f~C 71J ~ ti.. tc. 4 -'J U) P I N 7 ct l-- -';l -{ :t - F ( P D ) 6 4 1,£- t,; J;.. . Ye "j: ~ t;, G JJ *& •tk. illI ✓" 
J.-.. flt ~t 0 Ye 1,£- 2 X 2 0) 4 ll. fflli (C. ';'j- ·,t1J L T ~ Ye ~t O O + 'if!. I:$: ¥ tfj J-:. (C. (i -~ 'le ms 6 2 t: o- C tJ: 

< . fa \} m .E'll lW Wt ms 6 6 /J> Jt; /SX: ~ tl 0 0 flfU X (;f . {;1 q m IW. fiil fi,~; 011 6 6 fi ~ Ye i'ff5 6 2 0 NH ltH 

ic. 11e ~ c".' t1 0 0 fiJ q ;(/1 f1JJ. 1m ~ r'ifl 6 6 ii wu :t i:f . c M o s 6 s '¥ u) i,-:;J ~& # -T- ;;? t,; JJ.. • c t1 G 

[ii] J?i% #t r-;;? mt,, T ~~gr, 6 2 iJ, s o) m tJ m 0 r:: ti 9 6 ±t'I $i'il [ii] w& A..,,~ o)@ o) m i':/· m r1H !ill~& 1,£- 10 

~ Yt f;f5 6 2 -!::: Iii] ~ 0 -'¥ ¥J i* =f- ''I 7° tc. ff; J1X: 9 0 c -!::: -Jf, T i5' o " 
[0015) 

r?J 2 ii . ~;t Ye 01; 6 2 o) J: 1J i1'i': L t , ~ mi r?J -c 0 0 0 :s- P D 6 4 ii ~ il 0, u) JfJ 1#1 o) 'f wt rt lit 
m •t: tiu ic. tFJ }ix~ i'L 0 5_1- ~;t 1lN ±m: 7 o 1z:: J: 1:J tz: tJJ s tl 0 0 5_1- ~it ilN bl 7 o ti . wu x Lf. r% tJ!t rtt (J) 

p 1t~ + tr!! t~J ;;? }}1; ttx c".' tl tc. p + 1i~ tsx t. L T Jr; fiX: ~ tl 0 o ':/ 1) ::1 Y 1;i; tii U) ~ 'le ms tz:: Ji IZ l tc. lfl 

5J T ii . W: (JJ n,& 11-z f;::: J: l'J ','f:t + & fJ if fL i} 't. PX c".' t1 0 o * P D 6 4 tc. fi . ~ 0 -fJ 'I - F t. L 
T . :':t $'. L tc I'li Mr u> -j tc; i'tt 7- <£' :fiR '/dJ 0 -fJ '/ - F iffi fj 7 2 i.J, lie ~ c".' t1 0 o iJ '/ - F Mi tJi.x 7 2 
[i • /fiJ X L-f . ~ 1ffi flt 0 n JF,'i :.f f41 ¥21 ~ tfl: /fl_ ~ i'L tc n + 1lN ±iJI: C: L, T ff; fist. ~ ti.. 6 c 

[0016) 
51 !liffi fa'i i:,,_l: 7 O & tf * -JJ 'J - F 'ilk1 i,iJ 7 2 fi -r tl f:' tl :J Y 9 -7 ), ~ Jr' L T • ff1J x Lf 7 J!.- ::: ( 20 

A 1 ) Ii@/ 'ff, T ff; $'. c".' tl tc Wf2 ,rR< (c. j'& K1t c".' tl 0 o .n- fi.l!i: 'iiffi h1~ 7 O fi . Wl2 *If< 7 4 lZ: J: 1:) {f1J ::z Cf • j'& 

tfu ~ ff.r: ;;? Efl tin ~ i'L 0 o * tc. . S- 77 •; - F ilN bl 7 2 tz:: ~ '/dJ G ti.. tc. {R i':/· ~ 1~,'r tl: . f12 %( 7 6 ;;? fr 
LTiJftJJ..tB~h00 
[0017) 

fi<l 3 li . fl! 1 & U Li:<l 2 tz:: -r tl 1:' tl ~ ~9 1@: ,r,'Ji A - A ' 1,£- ill 1J 'f: Jg jif:; JJ ;flj tz:: ¥fr, 1@: i.1 11<Ji' rfjj T: O) 

,1 ~ rri 6 2 & u 18 i':/· m £1ir @ ~& ,,~~ 6 6 o) tt4 m ;;? 11~ 9 ;f~ :rt i'.l'.J t.1 liifi- mi ~ -c 0 0 C c 0 liifi- mi v:: Lt ~ 

Yt lfl 6 2 (JJ 2 -> O) P D 6 4 c: /;; ~} :W, fW. f,iJ W~ f;f5 6 6 O) C M O S 6 8 -!::: i.J' U'i! tl T t, • 0 o 

[0018) 
*Ye* w i¥J 6 o ti . P 1~ ~ ii% tJJJ fJ, Wa 7-, ~ n tc. P Jftl ::.-- u ::1 Y tt i'u 1: as 0 P - sub rffi s o 0 ~ 

13 t il-lf tc.. P -subf~1 8 O J: 1J 1-.; Ml !fl/J i!f4 Li i.J" {lf < r% lt tEI 4n 1,£- :fI -,t 0 'f W i* l~l t;, ti1 ri;1 ~ tl tc. 'j': 30 

'if!. 1* 1;:1; trx: ;;? m t, , T ff? fist. ~ tl 0 C P - s u b r~i s o ii s- P D 6 4 t z:: ~ :;m 0 7 / - F ~ m r1x L . wu 
:z ti' . M 1fi Mt 1/ii h· G :J=~ tt!:! ','f:t {1L <£' ffJ tm ~ i1 0 c P - s uh l~f s o cl) 1. ic. Tl !i/i'J ~ t1 .:s ;\!11 lt :j:lf }11 (JJ + 
,11. ft /fg ti . ff!J x cf x i:: l.i? ::t ;/ -t' JI, JR fi ic. J: ':J * PX ~ n 0 C c u) x t: .ZJ =1=- 1/ "i' 1L- Nu s 2 c if'.li 
lt }Ji 1n 1lfi t!J,\: ) IJ: • ~ ~ gr, 6 2 re T P D 6 4 v) i Hi 1,£- #'1 PX ·9 0 o I l::'.' 7 ::\=- Y ·'c 1J.; It~ 8 2 re W. 
;.__ ~ n 0 fff w.~ It + tr!! 1~1 ,i . 1i;1J ::t tJ P 1r,'l + Mi 4~~ -c' 0 0 o ~ tc. . x. l::'.' 17 =1=- ;/ "i' 1v 1m s 2 (f) tt Ht 

M: p (i • 'J,' t.1 < t. 'b 2 0 0 Q • c m 1-:.Z 1:. -C 0 1) • C C -0 [J: • p ii 5 0 0 0 • c rn t'r\ .fft T ® 
;.6 c: ~t 0 C ~ tc. . i Hi 1,£- m PX ·9 0 x l::'.' ;i =1=- 1/ -v 1].; Jt~ s 2 oJ Pf ~ ii . t~ m -9 ;.6 n o) '¥- ,,;g rt 1AJ 

T; O) o/.k !fx ft fl lli' lY. J:-. tz:: i~ fl: ~ tl 0 o f1j1j ;t ti' • C D -'? D V D tz:: HJ l' G t1 T l' 0 7 8 0 n m +ff 
-\:0 6 5 0 11 m }f} (f) Ye tz:: H ~t 0 ;/ 1) ::J > 0 o/.k ljx'. fi li 1 0 ~ 2 0 ~1 m T1i1 !ft T 0 6 0 J: --:.i T . C 

C c' ii I l::'.' ;l ::} 1/ -';7 1!.- Nu 8 2 0) Pi ~ ii . 1 0 ~ 2 0 p m (C. tl 71:'. c". tl 0 0 

[0019) 
~ 'Jc ms 6 2 tz:: -ts 1,,, -c . .::r. l::'.' 17 =1=- ;/ "i' ;J.; r~1 s 2 oJ R ifa ic. l·i . t i.15 o) "'r ~'fl': 1lifl ti 7 o & u -fJ 'J 

-F~~72~Jr;$'.c".'t10,~MM~70&U-f.J'I-FM~72~0+%~0~J.-..Ll~t1 
1:' tl . C U) I \::'. 37 ::} ;/ _,__, JI,- Ii@/ 8 2 ;;? Jt; PX ~ tl tc. ;/ 1) ::J / Jj'l; f}Ji 0) tk. ill.f (C. 7 :t J, I) '} If 7 7 { 

Hz Wi -c tFJ Px c".' tl tc. --<" ::z. ,:; ~ tFJ Ji.\t G . c oJ -z 7. ,:; ;;? m t , -c 1 ::t :,-, tl A ;;? :ti %( il9! :bl ,, :i:il1 :J=.R os iz:: 
fr -j C c: iC. J: I) R l}l ~ tl 0 c 

[0020) 

tc; t.1 JJ. lZ: . ½' Iii~ iti i1'~ 7 0 . jJ 'J - F 'iit{ ijJ~ 7 2 <£' % JR -,r 0 W. ~ tc. {- tl 1:' ti.. 1' ::t :::.,- i± 7\, lZ: J: 
1) W A ~ il tc. + *4! to/J [i • c".' G re ,~\ ~ tc. J;t; i: -c ¥?!\ f}l; f'& I t'i' ;;? fi -:::, T . ti f& f~ c".' Jj !e1] /Z:: 41¥ L },6 

40 

* t1 0 0 ~ 0) J~3 L ~ Jj ·.S: fi . 5J ~'fi'c 1lN ~ 7 0 . -fJ '} - F 1lifl ri 7 2 ~ il f:' tl iC. -~ t,' T '.i)JJ Ml tz:: miJ 50 

Samstmg Exhibit 1005, Page 19 of 29 
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f¼'il ·~ 1l fW 0 o f§lj x Lf , 5J ~'if Ml .¼Ii 7 0 ti , f& ~ ~9 0 J:: -5 /;:: , ·t't 7J '.,/ - F ili'i i:,,.J: 7 2 /;:: •W: cf) G t1 
0 ff PJ }::Hey o) P D 6 4 rr~ -c: (J) 1,7 a A l-- - 1; .it tr11 ijf1J 9 0 tlHili .it m -J -c i,,, 0 C -=c c -c 5HJ#. iftHiJ.: 
7 0 (J) i:~ ~ ti , EiiJ ;z (J , 7J 'J - F ilN ±iJI: 7 2 /;:: tt « T tl < WJ: 7t'. ~ il 14 6 c - Jj , 71 '} - F ilN 
ri 7 2 U) iJl ~ -'2:.' 1~ < -9 ,?;, C t T; , -=f (!) F U) i l<i>i t:::: Jr; fiX: ~ tl ,?;, ~ z. }~§ -Jf, 1;i; tfi JI ifii ili < i.J, f::> ft 

h1 o c. t t jj rJ , P D G 4 -c !l) Ye ','1'.t ill2 ti xh $ u> ri'iJ 1. iJ1 r~J 11 -c ~ 0 o c (!) J: -5 tc h 'J - F 'ilk1 
fli): 7 2 -'2:' .71 fi.l!/: 1lffl h1~ 7 0 J:: 1) il < ff; &: ~9 o tM i';- t;:: ti , 7J '.,I - F pf{ i:,,X 7 2 ✓, (J) { :t Y i± J, ic 5t: 
*?T, »-~~70~(!)+~~(!)~:tYttA&a~~~-'2:'fi"J(!)~~~T~oo 
[0021) 

;g; :fc.i , 4' ,Ui l±H%} 6 o U) 1'N $'. T ti , 5:t fi.!Hfi l?.x 7 o ti P - sub /\'M 8 o * T ti .¥!J ~ --1± ·cf , fr ;!,JI 

,;;~ ±m: 1 o t P - s u b r1tJ s o t (J) rc1 i c u: , iWi 1t tEJ: 4:ri: oJ i 1::: 'J. :t- 1/ -'\" ; J.; Hi s 2 7)' i t~ t L -c rr: r:+ 10 

-9 G O * t::. ' 7T ~'fl': ilifl ri 7 0 ii ' t. J.'.t l tc. J:: -5 re ¥. ffi it ifii fP.lj tc &Q: tr f::, Zl t: Iii:: ~Jt 7 4 IC J: V) 1t 
ttl!. trt 1ft ~ W 1J□ ·~ 11 , P - sub Nii/ 8 o t tt tc T / - F -'2:' 1't'1l Jilt ':CJ o o 

[0022) 

- jj" , {:} ;'§· :711 f1ll !ill ~g /'fl) 6 6 tc ;t,5 1,, , T ti C M O S 6 8 U) Jf; fi>Z ilN ±iJ1: tc .tt r,t; L T , 1 1::". 'J. :t- 1/ 

-\· JJ.; M 8 2 (!) t:~ FM ill) t:::: P r'J :r. ;J.; 8 4 & U N r'J :r. ;J.; 8 6 il· JB ri:li: ~ tl o " c. c. T; , N r'J :r. ;J.; 8 

6 ti , f& ~ ':CJ o J:: 7 t:::: 17] ~II le liiJ ~S # -f- i} tB /Jlt ~ t1 o li!J ~& # r Hrl w.x -c «J tJ , P r; :r. ;J.; 8 4 [i 

N t) :r. ;J.; s G t 1 t: 7l :t- > -v ;J.; rffi s 2 t (!) Pifi w <£' ft JR -r 0 ji a 1~ w 1lt1 n!i: -c 0 0 o w1J x it , 
r t) ::c ;J.; s 4 & u N t) :r. 1J.; s G it -=c fl :c· tl 1 :t Y rJ A 1c J:. 'J ff; 15.x'. ~ tl 0 C n r* 01 1;:: e:i: , W: 
tc P t) ::c ;J.; 8 4 -'2:' ff; J1X: 9 0 1 :t Y it: A .it h t , , -=c oJ 1& , N r; ::c ;J.; 8 G -'2:' ,1 :t > It A re J: rJ 

p '7 I. JI, 8 4 J: f) i1 < ff?, 11\z L ' p r; I. Jj.; 8 4 U) [}] iWI i:::: N 7 I. J].., 8 6 -'2:' tF Jilt ':CJ 0 0 p '7 I Jv 20 

s 4 t N r; :r. h s G t o) r* ~ ti , -=c t1 ::r:· t1 o) 1 :t :::,,, i:l: 1\, o) i z, ,1,, :¥' - u) ifm ir °",, ~ .:t > N1 (!) 
}~ 1R 1;:: J: ? --c , ff. t , re w ;g; G -i± 0 c t iJ' -c ~ 6 c N t) :r. ;J.; s 6 oJ i~ rfr a -=c oJ ilfi tl r''.I 1c ff: 11.Jt 

~ Zl 0 C M O S 6 8 .!::: OJ f;l.tj f* (C TiG t: T ,1:: ~J 0 2: t i)'< T' ~ 0 o P '7 :r. 1J.; 8 4 ti , I. 1::: )I :} 1/ 

-v 1v Nii s 2 J: r) ti ,i~ I~ rft i:::: *£ ,i:'. ~ t1 , 1 l:'.'.' ~ :t- 1/ •v J].., Nii! s 2 t N r; :r. J].., s 6 t cl) n~ (!) .Pt tt 
1J - 1:1 }t mt <£' tm mu -er 0 o 

[0023) 

N t) .:i:. ;J.; 8 6 1:JJ le (.;J:: , C M O S 6 8 .it 1'/4 /j\z 9 0 p + -t .'i" 1J.; M O S F E T 8 8 Hz '(} n + -\' 
t, ;].., M o s F E T g o 'h' n1 fj~ ·~ ti 0 C p '"r -v -t Jv M o s F E T s s ti , wa x ti:' , N r; ::c 1v 

8 6 pg t;:: ~ G i:::: N t) :r. 1].., 9 2 -'2:' ft &: L , f- O) 1k. ill.f i:::: p + iffi fj T 0 6 'J - 7- Hfi fliJ: 9 4 , F v 
1 Y ilN ±m: 9 s h"- ff?, 15.x'. ~ tl 0 C ,; - .A vfi f,JX 9 4 t F v 1 > ilfi ti 9 6 t uJ rr~ (J) + -t' z, ;J.; nifl ±m: u) 30 

I:: (C ii 'i - !-- ~ ft IJ~ 9 8 -'2:' ft L T 11 - !-- IifJ: ,ti,'ii l 0 0 j/'. t1f2 &I ~ fl 0 c n ';1- "T' ;z, Jv M O S F E 
T 9 0 li , N '7 i JI, 8 6 i:KJ IC ~ f::, ,c P r; :r. ;J.; l O 2 1f: Jr; fiX L , -=f (f) .tR tffi /;:: n + 'ilk1 i,iJ -c di) o 
'} - 7- Hfi l?)< I 0 4 , F v { > iffi fij).: 1 0 6 7J' ff; &'. ~ tl 6 c '/ - 7- Hfi fli): 1 0 4 t F v { > iffi fij).: 

1 0 6 t (J) fcfl 0) + -v t, ;].., j',~ t!J.\: OJ J·. (;:: li lf - !-- ~tr it Ii~ 9 8 -'2:' fr L T 11 - !-- ~ i•'li 1 1 0 TJ' f1['. rtt 
~ h 0 0 Jf - )-- ti 1,,'ii l 0 0 , 1 1 0 li WIJ ;t tf ' ;1' 1) 1/ 1) :J > \~ !;I > lf A T / ( w ) * ~ )fj 
1,,,-c.lf:IR ~;J'l.00 

[0024) 
jj .ts , I. l: .';I. :t- :/ -\· ;J.; M 8 2 (J) ~ d!i t:::: ts t' T , C M O S 6 8 (!) ff?, )j\_l µ~ tij).: .!::: I. L )I .:} 1/ -'\" 

Jv j{') 8 2 t (f) :l:i] W /;:: it , Hrl w.x Frc\i (J) ;j' Iii~ !l) tc. ~) IC L O C O S ( YJ1 Ni· M ft rn~ ) 1 1 2 !JI ff; )j\_l ~ 

;/'l. 0 o ;t tc. , p 1- -\' -t h M O S F E T 8 8 t n + -'r z, 1!,, M O S F E T 9 0 t !l) iJl W IZ: :t # 40 

:f 5't Jliff U) tc. l'iJ IC L O C O S 1 1 4 7J' ff; Jilt ~ i'L 0 o 

[0025) 

t.Z J: U) J: 7 i:::: ·::z Ye l'il5 6 2 & U ft \J :711 .EIJl lW ~s /if) 6 6 !JI ff; )j\_l ~ il t::. M t& tf. ifjj tc &. ~1 IW !L /j/,:i 1 

1 6 7J' tl Ii@/ ·~ ;/l 0 0 &. M IW 1l Hi 1 l 6 li f§1J ;t Cf 1/ 1) :J > ~ 1 l Ii~ -c ti1 &: ~ tl 0 0 ~ G t;:: C (!) 

L (C 'F ±fl, {I:: ij~ ~ fJc t~~ Hi , Jill :n: It~ t;'< ff?, /jx'. ~ tl 6 7J' , rlctl m& ft OJ t::. cf) iZl 3 ic to t ' T Lt ~ !1\ -'2:' /!"i' mt 
L,Tt'0c 

[0026) 

fi<l 4 li , ;$: :'r't •fik /JI \¥Jc 6 O U) iJJ W fl# t;:: ts ~t 0 liU W& f~i JR & U , 3Z Ye m1 6 2 if> ~fr ill.f T U) ;f- 'T Y 
1/ -'\~ ;J.; ;f :it ~ if~ -t W xi'. IZl -c: ,1,:, ;.6 o !Z1 4 tc Jj'; ·t ;~ n tITT 6 2 (!) liifr riii tl: rm 3 t fi'i:l ti , IZl 1 , rm 2 

(C Jj~ -t U~i t*~ A - A ' (C ;{J ~J t::. t, OJ c: Js o o 't'{!: Ff VW 1 2 0 (C J:: ~J T , t; 'J - F 1i~ tsx 7 2 .!::: 7.J' 50 
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l!lfi' ·ilk1 iftx 7 0 & f} p - sub r~i 8 0 .!:: IJ) fffl /;:: [J: ~ 1 \ -{ T A tli EE i.J' f[l fJ □ ~ tl 0 0 J~ f:,j:, fr:) (;:: ii ' .j'<j- 7J 
'J - F Hfi tJi.x 7 2 iJ' G 0) IIc ,r,'Ji ( fl! 2 o) W!c *If< 7 6 ) ii -7t n ::f' ;/'l i'" ~ 7 Y 7 1 2 2 0) - 15 7\. IJ t/M 
:f /;:: ti ttJC ~ tl , '1§ J~ i'" ✓-;z 7 Y 7 1 2 2 0) flli fj A h l:/m -F (;:: ri FE it'){ 1 2 0 TJ' G 0) iE ri H: V b TJ' 
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I, Nadine A. Edwards, declare as follows: 

1. I am over 21 years of age and am competent to make this declaration. 

2. I am a native speaker of English. 

3. I am fluent in Japanese. 

4. I have 14 years of experience translating Japanese to English. 

5. I translated the attached patent document "JP2007129024A" from 

Japanese to English. 

6. I certify that the above-mentioned translation of the document 

"JP2007129024A" is, to the best of my knowledge, a true and accurate translation 

from Japanese to English. 

7. In signing this declaration, I understand that the translation and this 

declaration may be filed as evidence in a contested case. I acknowledge that I may 

be subject to cross-examination within the United States. 

8. I declare under penalty of perjury that all statements made herein are 

true and accurate to the best of my knowledge and belief, and that these statements 

were made with the knowledge that willful false statements and the like so made 

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 

the United States Code. 

Executed: April 2, 2025 
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(54) Title ofinvention 
LATERAL-TYPE SEMICONDUCTOR LIGHT-RECEIVING ELEMENT HAVING 
A PIN STRUCTURE 

(57) Abstract 

Problem 

To provide a lateral-type 
semiconductor light-receiving element having 
a PIN structure, in which light-receiving 
sensitivity is improved without causing a 
decrease in response speed. 

Solution 

In a lateral-type semiconductor light­
receiving element, in which interfaces 
between an i-layer 15 and a p-layer 5 and 
between the i-layer 15 and an n-layer 7, 
respectively, of a PIN structure are formed 
perpendicular to a semiconductor substrate 
surface, and light that enters the i-layer is 
converted into electric current and detected, a 
hole 4, which extends from a light-receiving 
surface 3 to a prescribed depth of the i-layer 
15, is provided in a light-receiving region 2. 

5 
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CLAIMS 

1. A lateral-type semiconductor light-receiving element 
having a PIN structure in which interfaces between an i-layer 
and a p-layer and between the i-layer and an n-layer, 
respectively, of the PIN structure are formed perpendicular to 
a semiconductor substrate surface, and light that enters the i­
layer is converted into electric current and detected, wherein: 

a hole, which extends from a light-receiving 
surface to a prescribed depth of the i-layer, is provided in a 
light-receiving region. 

DETAILED DESCRIPTION OF THE INVENTION 

[0001] 
TECHNICAL FIELD PERTAINING TO THE INVENTION 

The present invention relates to a lateral-type 
semiconductor light-receiving element having a PIN 
structure. 

[0002] 
BACKGROUND ART 

In a vertical-type photodiode, in which a p-n 
junction surface is formed parallel to a semiconductor 
substrate surface, light impinges a depletion layer after 
passing through a p-layer or an n-layer; in contrast, in a 
lateral-type photodiode, in which the p-n junction surface is 
formed perpendicular to the semiconductor substrate surface, 
light directly impinges the depletion layer (without passing 
through the p-layer or then-layer). Consequently, the lateral­
type photodiode is advantageous in that it has better light­
receiving efficiency than the vertical-type photodiode. 
[0003] Conventionally, an i-layer (intrinsic layer) is 
provided in the photodiode between the p-layer and then­
layer to make the depletion layer thick. In a vertical-type 
photodiode having this kind of PIN structure, the i-layer is 
formed to a thickness that is the absorption length or more to 
make the light-receiving sensitivity high. Thereby, a quantum 
efficiency of70°/o or more can be obtained at wavelengths of 
approximately 700 nm to 870 nm. 

[0004] A lateral-type photodiode having a PIN structure (a 
photodiode in which interfaces between the i-layer and the p­
layer and between the i-layer and then-layer of the PIN 
structure are formed to be perpendicular to the 
semiconductor substrate surface) is produced by, for 
example: providing a region, which has an extremely light 
impurity concentration and will become the i-layer, on a 
front surface portion of the semiconductor substrate; and then 
forming the p-layer and then-layer by adding and diffusing 
p-type impurities and n-type impurities respectively from an 
upper surface at locations that are at a prescribed spacing 
from this region, wherein the spacing between both the layers 
remains as the i-layer. 

[0005] Consequently, in the case of the lateral-type 
photodiode having a PIN structure, when attempting to make 
the thickness of the i-layer (the depth from a light-incident 
surface) large, the p-layer and then-layer must also be 
formed deeply. To form the p-layer and the n-layer deeply 
wfole maintaining a unifonn width (i.e., the distance between 
the p-layer and then-layer) of the i-layer in the thickness 
direction of the substrate, the distance between the p-layer 
and the n-layer must be made large at the substrate front 
surface. When the distance between the p-layer and the n­
layer is made large at the substrate front surface, the width of 
the i-layer becomes large. When the width of the i-layer is 
large, the migration distance for an electron generated on the 
p-layer side of the i-layer to the n-layer electrode becomes 
long, and the response speed becomes slow. 

[0006] Accordingly, in the lateral-type photodiode having 
a PIN structure, making the thickness (the depth from the 
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light-incident surface) of the i-layer large cannot simply be 
adopted as a method of further increasing the light-receiving 
sensitivity. Consequently, providing an anti-reflection film on 
the upper surface of the i-layer and making the incidence 
efficiency of the i-layer high is effective as a method of 
further increasing the light-receiving sensitivity of the 
lateral-type photodiode having a PIN structure. 

[0007] 
PROBLEMS TO BE SOLVED BY THE INVENTION 
Hmvever, there is a problem in that, in the lateral-type 
photodiode having a PIN structure, which has the anti­
reflection film on the upper surface of the i-layer, the 
response speed becomes low in the situation in which the 
photodiode is used as an element for receiving high-speed 
light signals. In view of such problems in the related art, an 
object of the present invention is to improve light-receiving 
sensitivity of a lateral-type semiconductor light-receiving 
element having a PIN structure without causing a decrease in 
response speed. 

[0008] 
MEANS FOR SOLVING THE PROBLEMS To solve 
the above-mentioned problem, the present invention provides 
a lateral-type semiconductor light-receiving element having a 
PIN structure in which interfaces between an i-layer and a p­
layer and between the i-layer and an n-layer, respectively, of 
the PIN structure are formed perpendicular to a 
semiconductor substrate surface, and light that enters the i­
layer is converted into electric current and detected, wherein 
a hole, ,vhich e:x1:ends from a light-receiving surface to a 
prescribed depth (a shallower location than the depths of the 
p-layer and then-layer) of the i-layer, is provided in a light­
receiving region. 

[0009] 
EMBODIMENTS OF THE INVENTION An 
embodiment of the present invention is explained below. 
FIG. 1 is a cross-sectional view that shows a photodiode 
corresponding to one embodiment of the present invention. 
FIG. 2 is a diagram that shows one example of a planar shape 
in the situation in which the photodiode of this embodiment 
is formed in an array. FIG. 1 corresponds to a cross-sectional 
view through line A-A in FIG. 2. 

[0010] This photodiode is a lateral-type photodiode 
(semiconductor light-receiving element) in which a PIN 
structure is formed perpendicular to a substrate surface of a 
silicon substrate (semiconductor substrate) 1, and holes 4 are 
provided in a light-receiving region 2 (the region sandwiched 
between a p-layer 5 and an n-layer 7 of an i-layer 15), the 
holes 4 extending from a light-receiving surface 3 to a 
prescribed depth in the i-layer 15 and perpendicular to the 
surface of the silicon substrate 1. 

[0011] A p-electrode 6 and an n-electrode 8 are formed on 
the upper surface of the p-layer 5 and then-layer 7, 
respectively. A p-electrode 11 is formed on the lower surface 
of the silicon substrate 1. In addition, an element-protection 
layer 9, which is composed of a silicon oxide film or the like, 
is formed to a prescribed thickness on the upper surface of 
the silicon substrate 1 on portions outside of the locations 
having both of the electrodes 6, 8 and the holes 4. This 
photodiode can be produced, for example, by the following 
method. 

[0012] First, an n-well (a region having an extremely low 
impurity concentration) 10 is provided on a surface-layer 
portion of the p-type silicon substrate 1. Next, p-type 
impurities are added to and diffused into one of two regions 
of then-well 10, and n-type impurities are added to and 
diffused into the other region of then-well 10, with a 
prescribed spacing between the two regions. Thereby, the p­
layer 5 and the n-layer 7 are formed in the n-well 10, and a 

Samsung Exhibit 1004, Page 2 of 9 



(3) 

portion of the n-well 10 that is between the p-layer 5 and the 
n-layer 7 remains as the i-layer 15. Next, the electrodes 6, 8 
are formed on the p-layer 5 and then-layer 7, respectively, 
and then the element-protection layer 9 is formed. 

[0013] Next, a focused ion beam processing apparatus 
(FIB) is employed to irradiate the portion sandwiched by 
both the electrodes 6, 8 on the upper surface of the silicon 
substrate 1 with an ion beam so as to etch the element­
protection layer 9 and the i-layer 15, thereby creating the 
holes 4, which extend from the light-receiving surface 3 to a 
prescribed depth (a location shallower than the depth of the 
p-layer 5 and then-layer 7) in the i-layer 15 in the thickness 
direction of the silicon substrate 1. 

[0014] Here, the dimension of the holes 4 in the direction 
between the p-layer 5 to the n-layer 7 is set to the dimension 
at which the i-layer 15 ofa prescribed thickness exists 
between the holes 4 and the p-layer 5 and between the holes 
4 and then-layer 7, respectively. In addition, in the situation 
in which the light-receiving surface 3 between the pairs of 
electrodes is large, preferably a plurality of the holes 4 is 
provided within the light-receiving surface 3, as shown in 
FIG. 2. In this situation, for example, width Wl of each of 
the electrodes 6, 8 is 1 µm, spacing W2 between the 
electrodes 6, 8 is 2-4 µm, pitch K of the holes 4 is 2-4 µm, 
and the diameter of each of the holes 4 is 1 µm. 

[0015] By connecting a power supply between the n-
electrode 8 that contacts the upper surface of then-layer 7 
and the p-electrode 11 on the lower surface of the substrate 1, 
with the n-layer 7 side as the positive, applying a reverse-
bias voltage, and connecting the p-electrode 6, which 
contacts the upper surface of the p-layer 5, to an output 
circuit, this photodiode can convert the light incident on the 
i-layer 15 from the light-receiving surface 3 into electric 
current to detect the light. In addition, in this photodiode , the 
light (a portion of which is shown in FIG. 1 by chain, double­
dashed lines) that enters the interior of the hole 4 from the 
light-receiving surface 3 directly enters the light-receiving 
region 2 from a bottom surface and side surfaces of the hole 
4, and by being reflected from the bottom surface and the 
side surfaces, the light travels from the bottom surface 
toward the side surfaces and enters the light-receiving region 
2, and travels from one side surface toward the opposing side 
surface and enters the light-receiving region 2. Consequently, 
the light-receiving efficiency at the light-receiving region 2 
becomes higher than in the situation in which no holes 4 are 
present. 

[0016] In the situation in which the light-receiving surface 
3 is merely made large without providing the holes 4 in order 
to make the light-receiving surface area large, the migration 
time increases for the electrons generated on the p-layer side 
of the i-layer to reach the electrode on then-layer, and the 
response speed becomes slow because parasitic capacitance 
increases. In contrast, by providing the holes 4, the light­
receiving surface area in this photodiode becomes larger, to 
the extent of the side surfaces of the holes 4, than in the 
situation in which no holes 4 are present. Consequently, in 
this photodiode, in no situation will the migration time for 
the electrons generated on the p-layer side of the i-layer to 
reach the electrode on the n-layer become longer than in the 
situation in which the light-receiving surface 3 is the same 
size with no holes 4 being provided. In addition, the parasitic 
capacitance of this photodiode becomes smaller than the 
situation in which the light-receiving surface 3 is the same 
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size with no holes 4 being provided. Hence, according to this 
photodiode, the light-receiving surface area can be made 
large and light-receiving efficiency can made high without 
reducing response speed. 

[0017] Furthermore, by having the holes 4, localized 
electric-field intensity applied to a portion of the i-layer 15 
that surrounds the holes 4 becomes large in this photodiode. 
Thereby, compared with the situation in which there are no 
holes 4, response speed becomes faster because the light is 
absorbed at the portion of the i-layer 15 that surrounds the 
holes 4, and generated electron holes and electrons can 
migrate through the i-layer 15 at high speed. Accordingly, 
according to this photodiode, by providing the holes 4, the 
light-receiving efficiency at the light-receiving region 2 
becomes high, which improves light-receiving sensitivity and 
also increases response speed. 

[0018] It is noted that, although the lateral-type 
photodiode having a PIN structure is explained in this 
embodiment, the lateral-type semiconductor light-receiving 
element of the present invention, which has a PIN structure, 
is not limited thereto, and the present invention can also be 
applied to a lateral-type phototransistor, etc., in which the 
base and the collector portions have a PIN structure. 

[0019] 
EFFECTS OF THE INVENTION As explained above, 
according to the lateral-type semiconductor light-receiving 
element having a PIN structure according to the present 
invention, light-receiving sensitivity can be improved 
without causing a decrease in response speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view that shows a 
photodiode corresponding to one embodiment of the present 
invention and is a diagram that corresponds to a cross­
sectional view through line A-A in FIG. 2. 

FIG. 2 is a diagram that shows one example of a 
planar shape in the situation in which the photodiode in FIG. 
1 is formed in an array. 

EXPLANATION OF THE REFERENCE NUMBERS 

Silicon substrate (semiconductor substrate) 

10 n-well 

11 p-electrode 

15 i-layer 

2 Light-receiving region 

3 Light-receiving surface 

4 Hole 

5 p-layer 

6 p-electrode 

7 n-layer 

8 n-electrode 

9 Element-protection layer 
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I, Nadine A. Edwards, declare as follows: 

1. I am over 21 years of age and am competent to make this declaration. 

2. I am a native speaker of English. 

3. I am fluent in Japanese. 

4. I have 14 years of experience translating Japanese to English. 

5. I translated the attached patent document "JP2002314116A" from 

Japanese to English. 

6. I certify that the above-mentioned translation of the document 

11 JP20023 l 4116A II is, to the best of my knowledge, a true and accurate translation 

from Japanese to English. 

7. In signing this declaration, I understand that the translation and this 

declaration may be filed as evidence in a contested case. I acknowledge that I may 

be subject to cross-examination within the United States. 

8. I declare under penalty of perjury that all statements made herein are 

true and accurate to the best of my knowledge and belief, and that these statements 

were made with the knowledge that willful false statements and the like so made 

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 

the United States Code. 

Executed: April 2, 2025 

/11 

By: I(~ 
Nadine A. Edwards 
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AMENDMENTS TO THE CLAIMS 

Please cancel claims 1-17 and add the following claims 18-30: 

18. (New) A structure comprising: 

an array of elongated pillars of semiconductor material in which each of at least 

some of the pillars has: 

(i) a respective light-receiving surface, 

(ii) respective sides, 

(iii) width of 50-2000 nm, 

(iv) height of 100-10000 nm, and 

(v) at least one photodetector of Si, Ge, and/or alloyed SiGe 

semiconductor material formed in the pillar; 

wherein each of the photodetectors: 

(i) has P-doped and N-doped regions of the semiconductor material, 

(ii) is configured to generate electrical charge carriers in the 

semiconductor material of the photodetector in response to light that 

(a) is in the visible and infrared wavelengths, and (b) illuminates 

along a light direction the light-receiving surface of the pillar in 

which the photodetector is formed; 

one or more in-pillar holes each of which: 

(i) is fabricated as a recess in each of the pillars in which at least one of 

the photodetectors is formed, and 

(ii) extends along the light direction into the semiconductor material of 

the pillar in which the in-pillar hole is fabricated; 

side-isolation comprising solid dielectric material between at least portions of the 

sides of at least some of the pillars; 
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electrical contacts configured to provide electrical pathways coupled to at least 

some of the photodetectors, including for selected reverse-biasing at least 

some of the photodetectors; 

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the 

absorption of the light by at least some of the photodetectors relative to like 

photodetectors in pillars lacking said holes. 

19. (New) The structure of claim 18, in which the array is monolithically integrated with Si 

electronic devices. 

20. (New) The structure of claim 18, in which at least one of the in-pillar holes in each of at 

least some of the pillars is elongated in the light direction. 

21. (New) The structure of claim 18, in which each of at least some of the holes is elongated 

in a direction along the light-receiving surface of the pillar in which the hole is fabricated. 

22. (New) The structure of claim 21, in which the array is monolithically integrated with Si 

electronic devices. 

23. (New) The structure of claim 21, in which each of at least some of the pillars has a 

plurality of the elongated holes. 

24. (New) The structure of claim 21, in which each of at least some of the pillars has only 

one of the elongated holes. 

25. (New) The structure of claim 21, in which each of at least some of the elongated holes 

has at least one closed contour remote from side edges of the light-receiving surface of the pillar 

in which the hole is fabricated. 
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26. (New) The structure of claim 18, in which each of at least some of the pillars includes 

only one of the photodetectors. 

27. (New) The structure of claim 18, in which two or more of the photodetectors are 

connected electrically in parallel. 

28. (New) The structure of claim 18, wherein the array of pillars is monolithically integrated 

with Si electronic devices for transmitting electrical signals related to accumulations of the 

charge carriers in at least some of the photodetectors. 

29. (New) The structure of claim 18 in which at least some of the holes extend 100 to 10000 

nm in the light direction into the semiconductor material of the pillars in which the holes are 

formed. 

30. (New) The structure of claim 18, in which the pillars in which the photodetectors are 

formed are elongated in the light direction. 
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Priority and Paragraph 112(a) 
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Examples of support are outlined below in the subject application and in the 2013 

provisional applications that are incorporated by reference and to which priority is claimed. 

FIG. 5B of the subject application illustrates an example of an array of vertical pillars of 

semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar 

with hole). Both are reproduced below. 

FIG. 49 

As seen in FIG. 5B and explained in the text of the subject application, each pillar 524 

has a light receiving surface that is on top of the pillar in this example, illuminated with light 

(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of 

Si, Ge, or SiGe formed in the pillar. 

The width of a pillar can be 50-2000 nm 1 and the height of a pillar can be 100-10000 

nm.2 Each photodetector has P-doped and N-doped regions and is configured to generate 

electrical charge carriers in the semiconductor material of the photodetector formed in the pillar 

in response to light that is in the visible and infrared wavelengths and illuminates the light­

receiving surface of the pillar. 

1 Provisional application 61/826,446 filed May 22, 2013, page 12; "The shape of the pillar can be ... rectangle .... 
The pillar diameter range from 50-2000 nm .... ", 
2 Provisional application 61/826,446 filed May 22, 2013, page 12: "[P]illars can be 100-10000 nm in length .... " 
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Each of the pillars in the array of FIG. 5B can be a "pillar with a hole" as in the example 

of FIG. 49. 3 Each in-pillar hole extends into the pillar in the direction of the light, down into the 

pillar in this example. 

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and, 

with in-pillar holes in the pillars, fills at least a part of the holes,4 and the in-pillar holes can be 

oxidized.5 Electrical contacts as seen in the example of FIG. 5B provide pathways to the 

photodetectors and can reverse-bias them.6 The presence of the in-pillar holes increases 

absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk 

semiconductor without holes.7 

The array of pillars can be monolithically integrated with Si electronic devices.8 The in­

pillar holes can be elongated - FIG. 46 of the subject application illustrates some examples of 

holes that are longer in one direction than in an orthogonal direction along the light-receiving 

surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes 

and that at least one contour of a hole can be away from the outline of a pillar as seen in top 

view.9 

Section 103 

The references identified in the Office Action, page 8, post-date the 2013 priority of the 

subject application. 

IPRs and PGR regarding commonly assigned patents 

3 See also provisional application 61/826,446 filed May 22, 2013, page 16; "[T]he microstructure can have both 
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric 
hole/pillar, not necessarily circular.. .. " 
4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013. 
5 See also provisional application 61/826,446 filed May 22, 2013, page 16: "[P] atrial filling of the holes with filler 
.... " Page 10: "[T]hermal oxidation of exposed surfaces .... " 
6 See also provisional application 61/826,446 filed May 22, 2013, page 14: "The photodiode is reversed biased .... " 
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May 
22, 2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application 
paragraph [00114]. 
8 Provisional application 61/826,446 filed May 22, 2013, page 1: "Compatible with Si Photonics, CMOS processes 
... integration with CMOS highly desirable." Provisional application 61/834,873 filed June 13, 2013, pages 1-2: 
"[T]he detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS 

" 
9 See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013. 
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IPR and PGR petitions were filed challenging claims in six patents in the family of the 

subject application, 10 five of which are in a patent infringement action. 11 

The references that the IPRs and the PGR assert are: 

1. Kuboi US 2012/0049044 

2. Shinohara US 2012/0033119 

3. Yu US 2012/0153124 

4. Harada Kokai No. 2002-314116 (P2002-314116A) 

5. Hasegawa Kokai 2007-129024 (P2007-129024A) 

6. NXP EP 2 172 974 Al 

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic 

nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930. 

8. Vasylysev US 2012/0012741 

Applicant submits that claims 18-30 differ patentably from these seven references taken 

individually or in combination, at least because: 

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes 

and additionally proposes pixels 53R, 53G that generate electrical output only in organic material 

13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and lOA. 

Shinohara proposes an array of standard photodiodes with no in-pillar holes. 

Yu proposes nanowires or nanopillars that also lack in-pillar holes. 

Harada proposes a lateral photodiode with no pillars along the light direction and no in­

pillar holes. 

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc 

drive tracking. 

10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3) 
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997 
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5 
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent 
12,243,948. 

11 The action is: W&Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.). 
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers 
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if 
the Office requests it. 
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NXP proposes standard photodiodes, with no in-pillar holes. 

Y ahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars 

of semiconductor material that are electrically isolated from each other and have reverse-biased 

photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material. 

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of 

pillars of semiconductor material that are electrically isolated from each other and have reverse­

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material. 

The Preliminary Amendment filed 0 1/24/2025 in the subject application addresses 

references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US 

2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US 

5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least 

for the reasons discussed in the Preliminary Amendment filed 0 1/24/2025 but also for additional 

reasons. 

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it 

may help advance prosecution. 

Please charge any shortfall and credit any overpayments to our Deposit Account number 

600125. 
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Respectfully Submitted, 

/Gerard M. Wissing/ 

WISSING MILLER LLP 
Attorney for Applicant 
By: Gerard M. Wissing 

Reg. No. 36,309 
Tel.: 516-901-7027 
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Description 

FIELD OF THE INVENTION 

[0001] 
[0002] 

The invention relates to a device for detecting electromagnetic radiation. 
Moreover, the invention relates to a method of detecting electromagnetic radiation. 

BACKGROUND OF THE INVENTION 

10 [0003] A PIN (P-type/lntrinsic/N-type or positive intrinsic negative) diode can be used as a photodiode. Under reverse 
bias, the diode ordinarily does not conduct. A photon entering the intrinsic region frees a carrier. The reverse bias field 
sweeps the carrier out of the region and creates a current. In order to make a wavelength detector, it may be necessary 
to filter the light before it reaches the intrinsic region. 
[0004] US 5,726,440 discloses a wavelength selective photodetector including a substrate having a buried insulator 

15 layer for electrically isolating a lower section of the substrate located below the insulator layer from an upper section of 
the substrate located above the insulator layer, and a photon detector formed on the upper section of the substrate for 
detecting photons in a selected wavelength range, wherein the upper section has a selected thickness and the thickness 
determines at least in part the selected wavelength range of the detected photons. 
[0005] However, conventional wavelength selective photodetectors may lack sufficient detection accuracy. 

20 

OBJECT AND SUMMARY OF THE INVENTION 

[0006] It is an object of the invention to enable electromagnetic radiation detection with sufficient accuracy. 
[0007] In order to achieve the object defined above, a device for detecting electromagnetic radiation, and a method 

25 of detecting electromagnetic radiation according to the independent claims are provided. 
[0008] According to an exemplary embodiment of the invention, a device for detecting electromagnetic radiation (such 
as light) is provided, the device comprising a substrate (such as a semiconductor wafer), an electromagnetic radiation 
sensitive structure (such as a photodiode) arranged on and/or in the substrate, and a plurality of pores (such as empty 
or filled trenches in a surrounding material) formed on and/or in the substrate in such a manner that electromagnetic 

30 radiation to be detected propagates through at least a part of the plurality of pores (for instance may be reflected once 
or several times at walls thereof) before propagating into (or penetrating into) the electromagnetic radiation sensitive 
structure (which structure may be arranged to extend deeper into the substrate or with a larger distance to a surface of 
the device, which surface is to be irradiated with the incoming electromagnetic radiation, than the plurality of pores), 
wherein different ones of the plurality of pores differ regarding at least one physical parameter so that each of the plurality 

35 of pores is sensitive to an assigned wavelength range of electromagnetic radiation (wherein assigned wavelength ranges 
of different pores or pore groups may be different or may be at least overlapping). 
[0009] According to another exemplary embodiment of the invention, a method of detecting electromagnetic radiation 
is provided, the method comprising directing electromagnetic radiation to be detected towards a plurality of pores formed 
on and/or in a substrate in such a manner that the electromagnetic radiation to be detected propagates through at least 

40 a part of the plurality of pores, and subsequently propagating the electromagnetic radiation into an electromagnetic 
radiation sensitive structure arranged on and/or in the substrate, wherein different ones of the plurality of pores differ 
regarding at least one physical parameter so that each of the plurality of pores is sensitive to an assigned wavelength 
range of the electromagnetic radiation. 
[001 OJ The term "substrate" may denote any suitable material, such as a semiconductor, glass, plastic, etc. According 

45 to an exemplary embodiment, the term "substrate" may be used to define generally the elements for layers that underlie 
and/or overlie a layer or portions of interest. Also, the substrate may be any other base on which a layer is formed. 
[0011] The term "electromagnetic radiation" may particularly denote photons in an appropriate wavelength range. In 
an embodiment, such an electromagnetic radiation may be in a range between 400 nm and 800 nm, so that optical light 
is the electromagnetic radiation then. However, alternatively, other wavelength ranges are possible such as ultraviolet 

50 radiation, infrared radiation or the like. For instance for silicon, a usable electromagnetic radiation range goes from 190 
nm to 1100 nm. However, with other materials for photodetectors, ranges can be different and may, for example, be 
extended to far infrared or far ultraviolet. 
[0012] The term "pore" may particularly denote a trench formed in and/or on a substrate and having an aspect ratio, 
which is defined by the ratio between depth of the trench in the substrate and diameter of the trench in a surface portion 

55 of the substrate. For instance, such pores may have a cylindrical shape or alternatively may have a rectangular cross 
section, an oval cross section, a polygonal cross section or the like. In an embodiment, the aspect ratio may be larger 
than three, particularly larger than five, more particularly larger than ten. A diameter of the pores may be less than 1000 
nm, particularly less than 700 nm. Generally, it may be advantageous to use, as a diameter dimension, a value in the 
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order of the wavelength to get a sufficiently pronounced diffraction effect. For instance, a 700 nm hole may particularly 
impact radiation of about 700 nm wavelength. The term "electromagnetic radiation sensitive structure" may particularly 
denote a member, which is capable of detecting electromagnetic radiation such as a CMOS sensor, a CCD pixel, or the 
like. For instance, photodiodes (such as a simple pn-junction) may be used for such detection purposes. However, 

s alternative detection options are possible as well. 
[0013] The term "physical parameter" may particularly denote any physical or structural or dimensional property of 
the pores, which may have an impact on the propagation characteristics of electromagnetic radiation of a certain wave­
length in the pore. Such a physical parameter may change the propagation characteristics of electromagnetic radiation 
depending on the wavelength of the electromagnetic radiation. Examples for such a physical property are a diameter of 

10 the pores, a geometry of the pores, a depth of the pores, an aspect ratio of the pores, a surface area of the pores, a 
material filled in the pores, etc. 
[0014] According to an exemplary embodiment, the detection of electromagnetic radiation in a wavelength specific 
manner is possible. For this purpose, pores having different physical parameters such as geometrical parameters or 
material parameters may be provided, for example pores having different diameters. The propagation properties of the 

15 electromagnetic radiation within the pores may depend particularly on the wavelength of the electromagnetic radiation 
so that each of the pores may be used as a wavelength specific filter being sensitive only to electromagnetic radiation 
in a specific wavelength range or of a specific wavelength. Thus, by providing multiple pores having different physical 
properties, each pore may be used as a band-pass filter in a dedicated or assigned wavelength range. 
[0015] In an embodiment, a wavelength detector in silicon may be provided. Such an embodiment may combine a 

20 PIN (P-type/lntrinsic/N-type or positive intrinsic negative) diode with pore technology to manufacture the wavelength 
detector. A gist of an embodiment is to make holes of different diameters in a vertical PIN structure and to use diffraction 
to select wavelength and recombination of electron-hole pair in the intrinsic region. 
[0016] With silicon electronics, it is possible to make a wavelength detector performing a feedback loop function on 
a complete solid state lighting solution. Phototransistors may serve as a good detector, but have a low internal gain 

25 (compared to a photodiode). So a large area may be necessary. Embodiments of the invention may allow making very 
small wavelength detectors in silicon that can be integrated in a small package. The trend to use solid-state lighting like 
LEDs is increasing as it has a very small footprint and is very efficient. Their major drawback is the intensity variation 
due to environmental factors like temperature, aging, etc. By putting a very small light detector near the light source (a 
mobile phone flash for example), this can control a feedback loop to control the intensity or wavelength of the light flux. 

30 It is also possible to integrate embodiments of the detector with passive electronics and with LED drivers to obtain a low 
cost solution. A corresponding packaging may be more reliable and smaller and may be simple in manufacture. 
[0017] Because of integration of sensor and LEDs, calibration may be done by manufacturers and not by an end user 
who is buying LED and sensors separately. The benefit of a Pl N diode is that the depletion region exists almost completely 
within the intrinsic region, which is a constant width (or almost constant) regardless of the reverse bias applied to the 

35 diode. This intrinsic region can be made large, increasing the area where electron-hole pairs can be generated. For 
these reasons many photodetector devices may include at least one PIN diode in their construction, for example PIN 
photodiodes and phototransistors (in which the base-collector junction is a PIN diode). 
[0018] Next, further exemplary embodiments of the device will be described. However, these embodiments also apply 
to the method. 

40 [0019] The plurality of pores may be formed to extend parallel to one another. For example, the pores may be arranged 
in a row or in a matrix-like manner on a surface of the substrate. An alignment direction of the pores may be parallel to 
one another and perpendicular to a surface of the substrate so that the manufacture of all pores is possible with a 
common lithography procedure. The electromagnetic radiation to be detected may be directed perpendicular to the 
surface of the substrate or basically parallel to an alignment of the pores. 

45 [0020] Different ones of the plurality of pores may have a different diameter or a different surface area in a surface 
plane of the substrate, which surface is to be irradiated with the incoming electromagnetic radiation. For example, first 
pores may have a first diameter, second pores may have a second diameter differing from the first diameter, third pores 
may have a third diameter differing from the first and the second diameter, etc. In this context, a diameter may be the 
diameter of a circle in a surface of the pore, may be the length of a diagonal of a rectangle, or the like. 

50 [0021] Different ones of the plurality of pores may extend up to a different depth into the substrate, which depth may 
be calculated as a distance from a surface to be irradiated with the incoming electromagnetic radiation. Also by modifying 
the depth up to which the pores extend into the substrate, the wavelength specific propagation characteristic of the 
different pores may be further refined, involving another design parameter for a wavelength filter or a wavelength specific 
detector. For example, by using different aspect ratios for the different pores, it is possible that some of the pores extend 

55 into layers into which other pores do not extend. This may allow to define the specific wavelength selective properties 
with high accuracy. 
[0022] A cross-section of the pores may be constant along the extension of the pores into the substrate. 
[0023] The plurality of pores may be grouped into groups of pores. Pores of each one of the groups may have a 
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common diameter in a surface plane of the substrate and may extend up to a different depth into the substrate. Hence, 
for the different pores of a common group, the same pore diameter may be used but different extensions in a vertical 
direction. On the other hand, pores of different ones of the groups may have a different diameter in a surface plane of 
the substrate. Hence, a two-dimensional array of pores may be provided, wherein one design parameter is the diameter 

s and another design parameter is the depth up to which the pores extend into the substrate. By taking this measure, a 
highly wavelength selective filter may be obtained. 
[0024] The plurality of pores may be trenches extending perpendicular with respect to a main surface of the substrate. 
The main surface may be the surface at which a semiconductor wafer is usually processed. Vertical pores can be formed 
in such a semiconductor substrate as trenches by a lithography and etching procedure. 

10 [0025] The plurality of pores maybe at least partially filled with a filling material beingtransparentforthe electromagnetic 
radiation, particularly being optically transparent. Such a material, for instance silicon dioxide as a CMOS compatible 
material, may fill the pores so that the device is not prone to dust or dirt. However, other materials may be appropriate 
as well, for instance a silicon filled material such as polysilicon. More generally, any appropriate semiconductor material 
such as polysilicon, silicon dioxide, silicon nitride, germanium, may be used. Hence, the filling material may be selected 

15 so as to not influence the detection purposes, but to provide for a mechanical stable structure, which can even be 
employed under harsh conditions. In another embodiment, the filling material of the pores may be used as a design 
parameter for adjusting the wavelength-dependent propagation properties of the pores. In still another embodiment, the 
pores may remain unfilled, that is may remain hollow bodies. 
[0026] The electromagnetic radiation sensitive structure may comprise a photodiode structure, particularly a photodi-

20 ode such as a PIN photodiode or a PN photodiode. Such a structure can be formed as a layer structure with simple 
deposition procedures known from semiconductortechnology, wherein an orientation of such layers may be perpendicular 
to an extension of the trenches as the pores. A photodiode can simply be formed by correspondingly doping different 
portions of a semiconductor substrate, thereby providing for a pn-junction. Upon irradiation with electromagnetic radiation 
such as light, electron-hole pairs may be generated at the pn-junction, which can be detected as a fingerprint of the 

25 presence of the corresponding electromagnetic radiation. 
[0027] The electromagnetic radiation sensitive structure may comprise a stack of layers differing regarding a doping 
profile of the respective layer, wherein the plurality of pores may be formed to penetrate through at least a part of the 
layers. For example, the layers may be planar layers which are formed on top of the substrate, and the pores may be 
formed at least partially in this layer stack perpendicular to a sequence of application of the layers. By taking this measure, 

30 simple and well-known manufacture procedures of silicon technology may be employed and simultaneously a powerful 
wavelength selective filter may be formed. 
[0028] A thickness of at least a part of the layers may differ in portions adjacent to different ones of the plurality of 
pores. By forming the layers of different thicknesses, it is possible that adjacent pores are neighboured to different 
thicknesses of a respective material, for instance an n-doped material and/or a p-doped material. This may have an 

35 influence on the interaction between surrounding matter and the electromagnetic radiation, thereby further refining the 
wavelength selectivity of the system. 
[0029] The device may comprise a patterned cover layer arranged to expose the plurality of pores and to cover surface 
portions between adjacent ones of the plurality of pores. Such a patterned cover layer may be arranged on top (or close 
to the top) of the layer sequence forming the device and may prevent electromagnetic radiation from propagating into 

40 portions between adjacent pores, which could deteriorate the detection performance. 
[0030] Such a cover layer may, for instance, have electrically conductive properties so as to allow serving as electrodes 
for the photodiodes as well. When such a cover layer is made of an opaque material, it can have a shielding effect 
preventing optical light to propagate through portions between the pores, which could result in undesired crosstalk. 
[0031] It is also possible to provide a cover layer made of an anti-reflective material (at least above the pores) so as 

45 to prevent reflection of electromagnetic radiation to thereby improve the detection efficiency. Hence, the amplitude of 
the detection signals may be kept sufficiently large. 
[0032] The device may comprise a signal processing circuit formed on and/or in the substrate and being adapted for 
processing detection signals generated by the electromagnetic radiation sensitive structure. Such a signal processing 
circuit may be monolithically integrated within the substrate and may comprise active and/or passive electric components, 

50 for instance may comprise resistors, capacitances, transistors, logic gates, memory cells, processors, or the like. Hence, 
it is possible that the signal processing circuit processes the signal provided by the electromagnetic radiation sensitive 
structure to evaluate the wavelength dependence of the impinging electromagnetic radiation.In an embodiment (see for 
instance Fig. 15), all devices are fully integrated on a silicon wafer. This may be called Soc (System on Chip). Soc is 
advantageous regarding parasitic effects. In another embodiment (see Fig. 16), devices are mounted on a support, this 

55 may be called SiP (System in Package). SiP may be preferred for ease of process. 
[0033] In an embodiment, the electromagnetic radiation sensitive structure may be realized as a photodiode which 
may be electrically biased by a bias voltage to enable accurate detection of electric signals in response to the presence 
of electromagnetic radiation. 
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[0034) For example, the device may additionally comprise an electromagnetic radiation source such as a light emitting 
diode (LED) which may be adapted for generating electromagnetic radiation such as light and may be controlled by a 
control signal generated by the signal processing circuit based on the detection signals. Hence, a combined light emitting 
diode and photodetector may be manufactured which allows to regulate the emission characteristics of the light emitting 

s diode based on the detected signal of the light emitting diode which allows for a wavelength specific analysis of the 
emission characteristic of the light source. 
[0035] For example, the device may be monolithically integrated in and/or on the substrate. Hence, at least a part of 
the components of the device may be manufactured in semiconductor technology or microprocessing technology and 
the resulting system may be very small in size. 

10 [0036) An embodiment of the invention may use the fundamental physical laws of diffraction of light in a hole combining 
to a vertical PIN diode. Choosing the right design and silicon electronics can result in a variety of devices. In an embod­
iment, it is possible to make a specific wavelength detector with two different diameters only. Other possible applications 
are a wide range light detector to measure the absolute intensity of a light source. For example, it can be used to tune 
the flash intensity by a feedback loop. Another application is a light filter forwavelengths below or above a specific value. 

15 If the detector is used for a non-mobile application, the detector can be put far away from the light source. It can be used 
as a presence detector. Any other applications are possible as well. 
[0037] In an embodiment, a completely integrated silicon solution may be provided which may be more reliable than 
a discrete solution. This may allow for a better control due to submicron patterning. Embodiments of the invention may 
be applied to mobile applications where small packaging is advantageous. According to an embodiment, with a unique 

20 process, any kind of wavelength detector can be made as it is only depending of the via diameter. It is even possible to 
make different detectors on the same silicon wafer. Furthermore, it is possible to use standard semiconductor processes 
with standard dimensions and standard material. With a silicon wafer, the wavelength detection range may be from 1 90 
nm (or less) to 1100 nm (or more). For higher wavelength detection (above 1 µm), a device made from germanium may 
be advantageous. 

25 [0038) Embodiments of the invention may have advantages such as excellent linearity of output current as a function 
of incident light, a spectral response from 190 nm (or less) to 1100 nm (or more), low noise, robustness to mechanical 
stress, long lifetime, high quantum efficiency (typically 80% or more), and no high voltage required. 
[0039) As the detector may be designed in a silicon substrate by deep silicon etch, it is possible to reach a high-density 
detector compared to a planar detector, and it may be possible to compensate a low gain. In an embodiment, it is possible 

30 to combine pore etching and PIN junction formation to realize a wavelength filter. 
[0040] By a unique process, it may be possible to create different diameter holes (just by using a lithography mask), 
so it is possible to detect several wavelengths. As different diameter holes may be used at the same time, any drift in a 
lithographic step would be the same for all detector elements, meaning that one single offset would be obtained for all 
detectors. As it is a silicon process, it is possible to add active and passive components on the silicon. It is possible to 

35 get a complete integrated solution of a detector and a signalprocessing module. The combination of a multiple wavelength 
detector coupled with a signalprocessing module allows sampling. 
[0041] In an embodiment, as the signal detection is a function of the hole diameter but also the depth of the intrinsic 
zone, it is possible to design a matrix of detectors with rows of various diameter hole and columns of various depth of 
intrinsic zone. This may improve the wavelength selection range for a better sampling performance. It is possible to use 

40 pore technology to make a very accurate detector thanks to a lithography resolution and to a thin film deposition control. 
[0042) The manufacturing method may be carried out in CMOS technology, since the described procedures are 
compatible with CMOS technology. 
[0043] For any method step, any conventional procedure as known from semiconductor technology may be imple­
mented. Forming layers or components may include deposition techniques like CVD (chemical vapour deposition), 

45 PECVD (plasma enhanced chemical vapour deposition), ALO (atomic layer deposition), or sputtering. Removing layers 
or components may include etching techniques like wet etching, vapour etching, etc., as well as patterning techniques 
like optical lithography, UV lithography, electron beam lithography, etc. 
[0044) Embodiments of the invention are not bound to specific materials, so that many different materials may be 
used. For conductive structures, it may be possible to use metallization structures, silicide structures or polysilicon 

50 structures. For semiconductor regions or components, crystalline silicon may be used. For insulating portions, silicon 
oxide or silicon nitride may be used. 
[0045] The structure may be formed on a purely crystalline silicon wafer or on an SOI wafer (Silicon On Insulator). 
[0046] Any process technologies like CMOS, BIPOLAR, BICMOS may be implemented. 
[0047) The aspects defined above and further aspects of the invention are apparentfrom the examples of embodiment 

55 to be described hereinafter and are explained with reference to these examples of embodiment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] The invention will be described in more detail hereinafter with reference to examples of embodiment but to 
which the invention is not limited. 

Fig. 1 and Fig. 2 show a geometrical condition illustrating an interaction of electromagnetic radiation with a pore. 
Fig. 3 shows intensities for different wavelengths as a function of depth for a via diameter of 0.5 µm and shows that 
for certain depths, attenuation is depending of the wavelength. 
Fig. 4 shows intensities for different wavelengths as a function of depth for a via diameter of 0.6 µm, so that by 

10 subtracting the intensity of hole of 0.6 µm and 0.5 µm it is possible to clearly differentiate wavelengths : 
Fig. 5 shows subtraction of intensity of a 0.6 µm hole minus intensity of a 0.5 µm hole for 300 nm and 400 nm light 
and shows that it is possible to extract UV-B light intensity (280 nm to 315 nm) from a light source. 
Fig. 6 illustrates a wavelength selective filter according to an exemplary embodiment of the invention. 
Fig. 7 to Fig. 13 show cross-sectional views of layer sequences obtained during a method of manufacturing a 

15 wavelength selective filter according to an exemplary embodiment of the invention. 
Fig. 14 shows a plan view of a wavelength selective filter according to an exemplary embodiment of the invention. 
Fig. 15 to Fig. 17 show cross-sectional views of wavelength selective filters in combination with a light emitting diode 
according to exemplary embodiments of the invention. 
Fig. 18 and Fig. 19 show a wavelength selective characteristic of a system according to an exemplary embodiment 

20 of the invention. 

25 

Fig. 20 shows a cross-sectional view of a wavelength selective filter according to an exemplary embodiment of the 
invention. 

DESCRIPTION OF EMBODIMENTS 

[0049] The illustration in the drawing is schematical. In different drawings, similar or identical elements are provided 
with the same reference signs. 
[0050] Embodiments of the invention allow for diffraction in a micrometric cylindrical trench. 
[0051] Diffraction refers to various phenomena associated with the bending of waves when they interact with obstacles 

30 in their path. Its effects are generally most pronounced for waves where the wavelength is in the order of the size of the 
diffracting objects. Diffraction is based on the Huygens-Fresnel principle which predicts the future position of a wave 
when its earlier position is known. Every point on a wave front can be considered as a source of tiny wavelets that spread 
out in the forward direction at the speed of the wave itself. The new wave front is the envelope of all the wavelets - that 
is, tangent to them. 

35 [0052) In optics, Fresnel diffraction or near-field diffraction is a process of diffraction which occurs when a wave passes 
through an aperture and diffracts in the near field, causing any diffraction pattern observed to differ in size and shape, 
relative to the distance. It occurs due to the short distance in which the diffracted waves propagate. When the distance 
is increased, outgoing diffracted waves become planar and Fraunhofer diffraction occurs. In the following, calculations 
of the magnitude of the electric field given by Fresnel integral in application of Huygens-Fresnel principle in a cylindrical 

40 trench will be explained. The diffracted light from the aperture of the cylindrical trench is absorbed by the silicon lateral 
surface and by a photon-electron interaction can generate a built-in potential in the semiconductor. 
[0053) The diffraction angles depend on the wavelength and on the size of the diffracting object. As a consequence, 
the magnitude of the electric field along the side surface of the cylindrical trench at a fixed distance of the aperture 
depends on the wavelength. 

45 [0054] Next, wave magnitude calculation will be described. 

50 

55 

[0055] In application of Huygens-Fresnel principle in a circular aperture, the phase and amplitude of each of the 
Huygens wavelets at each point P in space is given by a double integral in cylindrical coordinates. 
[0056] This is indicated schematically in Fig. 1: 

fj I .21rr 
A(p) = Je r ;A(0. r) expJTc:us(r, z)rd0d1· (1) 

[0057] In a circular aperture, A(p) is supposed independent of the angle <I>. Along the side surface of the cylindrical 
trench, the elementary surface at each point P introduces the angle a between p and the perpendicular radius. 
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[0058] The double integral is calculated in the cylindrical trench as represented in Fig. 2. Every point on the circular 
aperture can be considered as a source each point with the same amplitude K. 
[0059] The phase and amplitude of each of the Huygens wavelets at each point P along the side surface of the 
cylindrical trench at a fixed distance z of the aperture is given by a double integral 

A(P) = R -expj-\- (cos a:) (cos B) rd0dr -111 27fp 
9 r P ,., 

(2) 

[0060] Herein, a is the angle between p and the perpendicular radius at P, and a is the radius of the aperture 

(4) 

D 7. 
cos:;;,=-• p (5) 

. I 2 ., 
·1w-1<>1 _2;ry(a-rcus0) +(1·sinlty+22 

A(P) = 21\. -expJ >. 
• • 0 0 p 

(
a - r· CCJS e) :r .ll}d -r<,c, r 

p p 

(3) 

(6} 

45 [0061] A(P) is a complex number with phase and amplitude at each point P. The complete amplitude in a nano-ring 
dz along the side surface of the cylindrical trench is: 

50 {7) 

[0062] The intensity of light at each point Pin space is: 
55 
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J(p) = A(P)A(Pr = IA(P)l2 (8) 

[0063] Simulations of equation (6) are presented with following parameters: aperture radius 0.5 µm z varies from 0.05 
µmto 2 µm. 

[0064] Fig. 3 shows a diagram 300 having an abscissa 302 along which a z axis distance is plotted in µm. Along an 
ordinate 304, A-values corresponding to 11 to 15 are plotted. 
[0065) Aperture radius 0.6 µm z varies from 0.05 µm to 2 µm 

/\,1 /\,2 13 /\,4 /\,5 

0.3µm 0.4µm 0.5µm 0.6µm 0.7µm 

A1b(z) A2b(z) A3b(z) A4b(z) Asb(z) 

[0066) Fig. 4 shows a diagram 400 having an abscissa 302 along which a z axis distance is plotted in µm. Along an 
ordinate 304, A-values corresponding to 11 to 15 are plotted. 
[0067) Fig. 5 shows a diagram 500 having an abscissa 302 along which a z axis distance is plotted in µm. Along an 
ordinate 502, differential amplitudes are plotted. 
[0068] Fig. 6 illustrates a device 100 for detecting a light beam 108 in a wavelength selective manner according to an 
exemplary embodiment of the invention. 
[0069) The wavelength selective filter 100 comprises a silicon substrate 102. A photodiode 104 as a light sensitive 
structure is embedded with in the silicon substrate 102. The photodiode 104 may be formed by a number of horizontally 
deposited planar layers which are doped accordingly. A plurality of trenches or pores 106 are formed in a surface portion 
of the substrate 102 in order to penetrate through the layers forming the photodiode 104. As can be taken from Fig. 6, 
the pores 106 have different diameters d1>d2>d3>d4 and are formed by a common lithography and etching procedure 
in the substrate 102, more precisely in a surface portion of the substrate 102 including the photodiode layer sequence 
104. As can be further taken from Fig. 6, all of the pores 106 extend up to the same depth, 1 , into the substrate 1 02. 
[0070) Since the inner diameters d1, d2, d3, d4 of the pores 106 differ, the light detection properties are wavelength 
selective and differentfor each of the pores 1 06, so that each of the pores 106 is capable of detecting a specific wavelength 
range of impinging light 1 08. 
[0071] The combination of the detection signals of all pores 1 06 may allow to obtain wavelength-resolved information 
about a spectrum of the light 108. 
[0072] The pores 106 are formed parallel to one another in the substrate 1 02 and have the different diameters d1, d2 , 

d3, d4 in a surface plane of the substrate 102. Since all of them have the same depth 1 in the substrate 102, their aspect 
ratios are different. The pores 106 are formed as trenches extending perpendicular to a main surface of the substrate 
102 and perpendicular to the layer sequence 104 forming the photodiode. The pores 106 are filled with silicon dioxide 
material or any other semiconductor-based material as an optically transparent material so that the light beam 1 08 
impinging on the device 1 00 can propagate through the filling material 110. 
[0073) A patterned cover layer 112 covers surface portions of the layer sequence between adjacent pores 106 to 
absorb electromagnetic radiation impinging between different ones of the pores 106 to further increase the signal-to­
noise ratio. The opaque top layer 112 may further be electrically conductive so as to serve as an electrode for contacting 
the photodiodes 104 or other components of the integrated circuit 1 00, if desired or necessary. 
[0074) A signal processing unit 114 is provided as a buried integrated circuit within the silicon substrate 1 02 and is 
supplied with the detection signals from the photodiode 104. The processing circuit 114 may evaluate the wavelength 
characteristic of the detected light 108 and may output, at an interface 116, a signal indicative of the result of the detection. 
The output at the interface 116 may alternatively also be used for control purposes, for instance for controlling a light 
emitting diode. 
[0075) In the following, referring to Fig. 7 to Fig. 13, a method of manufacturing a device according to an exemplary 
embodiment will be explained. Such a manufacturing method may result in a colour filter which may serve for light 
emitting diode control purposes. 
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[0076) In Fig. 7 to Fig. 13, a common silicon substrate 102 is processed to manufacture a 11 wavelength detector 700 
and a "-2 wavelength detector 702, wherein Af;tA1. 

[0077) Fig. 7 shows a layer sequence 704 obtained by PIN epitaxy applied to a silicon substrate 102, thereby forming 
an n+-doped layer 708 on the silicon substrate 102, followed by an intrinsic layer 71 0 and a p+-doped layer 712. Starting 

s from the silicon substrate, the PIN structure 708, 710, 712 is grown by epitaxy (n+-silicon region 708, intrinsic region 
710 and p+-region 712). 
[0078) In order to obtain a layer sequence 800 shown in Fig. 8, trenches 106 are formed to entirely penetrate through 
layers 712, 710, and to partially penetrate into layer 708. These trenches 106 may be formed by a deep silicon etch. 
The deep silicon via holes 106 are formed into the Pl N structure 708, 71 0, 712. Diameters of the holes 106 are different 

10 from one to another area in order to detect different wavelengths. 
[0079) In order to obtain a layer sequence 900 shown in Fig. 9, light transparent silicon dioxide or another transparent 
semiconductor-based material 902 is deposited on the layer sequence 800 to fill the trenches 106. 
[0080) In order to obtain a layer sequence 1000 shown in Fig. 10, the deposited silicon oxide material may be etched 
back, for instance using CMP (Chemical Mechanical Polishing), wherein silicon is at the top of the trench. In another 

15 embodiment, when silicon shall be used as a stop layer, it may be possible to add a dummy layer to stop CMP to get 
selectivity. 
[0081] Hence, in Fig. 9, the holes 106 are filled with light transparent material 902 (such as undoped silicon, silicon 
dioxide SiO2), and in Fig. 1 0 a back etching (etching without litho mask) is performed to remove this material 902 on top 
of the p+-region 712. 

20 [0082] In order to obtain a layer sequence 11 00 shown in Fig. 11, an opaque/metal layer 11 02 is deposited over the 
layer sequence 1000. As a material for the metal layer 11 02, aluminium or tungsten may be used, for instance. 
[0083] In order to obtain a layer sequence 1200 shown in Fig. 12, the cover layer 1102 is patterned to expose the 
pores 106. 
[0084] Referring to Fig. 11 and Fig. 12, the metal layer 1102 or opaque material is deposited and patterned only on 

25 the detector area 106. 
[0085] In order to obtain a device 1300 according to an exemplary embodiment as shown in Fig. 13, a silicon nitride 
layer 1302 is deposited on a surface of the layer sequence 1200, which silicon nitride layer 1302 acts as an antireflective 
coating on the openings 108 but also as a passivation layer. 
[0086) The described process flow does not show the interconnects to collect current from light. Based on theoretical 

30 calculations, it is possible to make numerical computing to get values to make the layout of the detector. 
[0087] A corresponding design may be such that the PIN diodes 708, 710, 712 have an intrinsic region 71 0 buried 
between 0.5 µm and 1 µm into the silicon with a hole 1 06 diameter of 600 nm for one circuit part and 500 nm for the 
other circuit part. For UV-Blight source, the current intensity of the 600-nm-hole circuit (A1 and A2 intensities) is higher 
than for the 500-nm-hole circuit (A 1 b and A2b intensities). 

35 [0088) By triggering the detector to take into account only positive intensities in the area of 0.5 µm 1 µm deep (intrinsic 
region), a simple device can be made to detect UV-B (280 nm to 315 nm) and filter UV-A (315 nm to 400 nm). 
[0089] An even more accurate filter can be made by optimizing via diameter and combination of different sizes of 
holes 106. 
[0090] Fig. 14 shows a plan view of a device similar to the device 100 shown in Fig. 6 in which four different pore 

40 groups 106 with four different diameters and thus different wavelength selectivity are shown. Four different wavelengths 
can be detected with the four pores 1 06 of the different sizes shown in Fig. 14. 
[0091] Fig. 15 shows a device 1500 according to another exemplary embodiment of the invention. 
[0092] The device 1500 further comprises a light emitting diode (LED) 1502 emitting light 108. A part of the light 1 08 
is transmitted towards a device 1 00 for detecting the wavelength composition of the light 1 08. A corresponding detection 

45 result may be transmitted from the device 100 to a signal processing circuit 114 which may generate a control signal for 
controlling the LED 1500 in a feedback architecture. The light emitting diode 1500 may be connected to the silicon 
substrate 1 02 using solder bumps 1504 or the like. 
[0093) Fig. 16 shows a device according to another exemplary embodiment of the invention which differs from Fig. 
15 in that the substrate 102 is substituted by a printed circuit board (PCB) 1602. In the embodiment of Fig. 16, the 

50 detector 100 is assembled on the PCB sub-mount 1602 via solder bumps 1504. Also the feedback loop circuitry 114 is 
connected to the PCB sub-mount 1602 using solder bumps 1504. 
[0094] Fig. 17 shows a device 1700 according to another exemplary embodiment of the invention. 
[0095) In this embodiment, the light emitting diode 1502 has a transparent substrate. Thus, the detector 100 can also 
be arranged under the light emitting diode 1502 as there may be also light emission below the light emitting diode 1502. 

55 [0096] Fig. 18 schematically illustrates how different detectors 1802, 1804, 1806 may detect different wavelength 
ranges of an overall signal 1808. Reference numeral 181 0 illustrates signal sampling from a first detector 1802 and a 
second detector 1804. 
[0097] Fig. 19 shows a diagram 1900 having an abscissa 1902 along which a light energy is plotted in electron volts. 
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Along an ordinate 1904, a spectral distribution of a signal 108 is plotted. Sampling results in measuring the individual 
wavelength ranges 1906. 
[0098] Fig. 20 shows a device according to another exemplary embodiment in which a thickness of the layer 712 
differs forthe two wavelength detectors 700, 702 shown in Fig. 20. Forwavelength detector 700, layer 712 has a thickness 

s b1 which is smaller than a thickness b2 for a second wavelength detector 702. Thus, the depth of the intrinsic zone 712 
may be tuned by a recess 2002 of p+-layer 712. Such a recess 2002 of the p-region 712 can be manufactured by mask 
lithography and dry silicon etch. 
[0099) Finally, it should be noted that the above-mentioned embodiments illustrate rather than limit the invention, and 
that those skilled in the art will be capable of designing many alternative embodiments without departing from the scope 

10 of the invention as defined by the appended claims. In the claims, any reference signs placed in parentheses shall not 
be construed as limiting the claims. The word "comprising" and "comprises", and the like, does not exclude the presence 
of elements or steps other than those listed in any claim or the specification as a whole. The singular reference of an 
element does not exclude the plural reference of such elements and vice-versa. In a device claim enumerating several 
means, several of these means may be embodied by one and the same item of software or hardware. The mere fact 

15 that certain measures are recited in mutually different dependent claims does not indicate that a combination of these 
measures cannot be used to advantage. 

Claims 
20 

1. A device (100) for detecting electromagnetic radiation, the device (100) comprising 
a substrate (102); 
an electromagnetic radiation sensitive structure (104) arranged on and/or in the substrate (102); 
a plurality of pores (106) formed on and/or in the substrate (1 02) in such a manner that electromagnetic radiation 

25 to be detected propagates through at least a part of the plurality of pores (106) before propagating into the electro­
magnetic radiation sensitive structure (104), wherein different ones of the plurality of pores (106) differ regarding at 
least one physical parameter so that each of the plurality of pores (106) is sensitive to an assigned wavelength 
range of electromagnetic radiation. 

30 

35 

40 

45 

50 

55 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The device (100) according to claim 1, wherein the plurality of pores (106) are aligned parallel to one another. 

The device (100) according to claim 1, wherein different ones of the plurality of pores (106) have a different diameter 
or surface area in a surface plane of the substrate (102). 

The device (100) according to claim 1, wherein different ones of the plurality of pores (1 06) extend up to a different 
depth into the substrate (1 02). 

The device (100) according to claim 1, wherein the plurality of pores (106) are grouped into pore groups, wherein 
pores (106) of each one of the pore groups have a common diameter or surface area in a surface plane of the 
substrate (102) and extend up to a different depth into the substrate (102), and wherein pores (106) of different ones 
of the pore groups have a different diameter or surface area in a surface plane of the substrate (102). 

The device (100) according to claim 1, wherein the plurality of pores (106) are trenches extending perpendicular to 
a main surface of the substrate (102). 

The device (1 00) according to claim 1, wherein the plurality of pores (106) are at least partially filled with a filling 
material (110) being transparent for the electromagnetic radiation, particularly being optically transparent. 

The device (100) according to claim 1, wherein the electromagnetic radiation sensitive structure (104) comprises a 
photodiode structure, particularly a positive-intrinsic-negative photodiode structure. 

The device (100) according to claim 1, wherein the electromagnetic radiation sensitive structure (104) comprises a 
stack of layers, wherein different ones of the layers differ from one another regarding a doping profile, wherein the 
plurality of pores (106) are formed to penetrate through at least a part of the layers. 

10. The device (100) according to claim 9, wherein a thickness of at least a part of the layers differs in portions adjacent 
to different ones of the plurality of pores (106). 
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11. The device (100) according to claim 1, comprising a patterned cover layer (112) arranged to expose the plurality of 
pores (106) and to cover surface portions between adjacent ones of the plurality of pores (106). 

12. The device (1 00) according to claim 11, wherein the cover layer ( 112) comprises at least one of the group consisting 
s of an electrically conductive material, and an opaque material. 

13. The device ( 1300) according to claim 1, comprising an anti-reflective layer (1302) covering at least the plurality of 
pores (1 06). 

10 14. The device (100) according to claim 1, comprising a signal processing circuit (114) formed on and/or in the substrate 
(1 02) and being adapted for processing detection signals generated by the electromagnetic radiation sensitive 
structure (104). 

15. The device (1500) according to claim 14, comprising an electromagnetic radiation source (1502) adapted for gen-
15 erating electromagnetic radiation and being controlled by a control signal generated by the signal processing circuit 

(114) based on the detection signals. 

16. The device (100) according to claim 1, monolithically integrated in and/or on the substrate (102). 

20 17. The device (100) according to claim 1, wherein the substrate (102) is a semiconductor substrate, particularly one 
of the group consisting of a group IV semiconductor substrate, a silicon substrate, a germanium substrate, a group 
II I-group V semiconductor substrate, and a GaAs substrate. 

18. A method of detecting electromagnetic radiation, the method comprising directing electromagnetic radiation to be 
25 detected towards a plurality of pores (106) formed on and/or in a substrate (102) in such a manner that the electro­

magnetic radiation to be detected propagates through at least a part of the plurality of pores (106); 
subsequently propagating the electromagnetic radiation into an electromagnetic radiation sensitive structure (1 04) 
arranged on and/or in the substrate (102); 
wherein different ones of the plurality of pores (106) differ regarding at least one physical parameter so that each 

30 of the plurality of pores (106) is sensitive to an assigned wavelength range of the electromagnetic radiation. 
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Attorney Docket No.: 309-0015USCIPDIV2 
Confirmation No .. 4276 

.PATENT 

IN THE UNITED STATES PATENT AND TRADEI\'L<\.RK OFFICE 

In re Application of: 
Shih-Yuan \.VANG et al. 
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Filed: January 24, 2025 

Title: MICROSTRUCTlJRE 
ENHANCED ABSORPTION 
PHOTOSENSITIVE DEVICES 

VIA EFS-\Veb 
Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Examiner: Eduardo A Rodela 

Art Unit: 2893 

CERTIFICATE OF TRANSMISSION 
I hereby certify that this correspondence is being 
submitted through the USPTO Electronic Filing 
Service addressed to the Commissioner for Patents, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

Date: Sept. 16, 2025 
/l\fary Ellen Finnegan/ 

Name: Mary Ellen Finnegan 

TRANSMITTAL 011' INPORMATION DISCLOSURE STATEMENT 

Applicant submits the accompanying Infom1ation Disclosure Statement for the 

Examiner's consideration. 

This application is a division of Application No. 18/822,880 filed September 3, 2024, 

now US. Patent No. 12,243,948, which is a division of Application No. 18/385,213 filed 

October 30, 2023, now U.S. Patent No. 12,087,871, which is a continuation in-part of 

17/974,325 filed October 26, 2022, now US. Patent No. 11,830,954 and also a continuation in­

part of Application No. 18/113,474 filed February 23, 2023. Pursuant to 37 CFR l.98(d)(l), 

Applicant respectfully directs the Examiner to the documents set forth in the Information 

Disclosure Statements submitted in these parent applications and the documents cited by the 

Examiners in these parent applications. Applicant respectfully requests that all items submitted 

Pagel of 4 



or cited in the parent applications be considered and acknowledged by the Examiner in this 

subject application. Applicant also respectfully requests that all documents submitted or cited in 

the parent applications be listed in any patent issuing from the subject application. 

It is respectfully requested that the documents listed on the concurrently submitted 

Information Disclosure Statement fom1 and the documents identified pursuant to 37 CFR 

l .98(d)(1) above be considered and acknowledged by the Examiner in connection with the 

present application and be made of record therein. 

Non-U.S. Patent Documents 

In compliance with 37 CFR 1.98, copies of the non-US. patent documents referenced on 

the concurrently submitted Infomrntion Disclosure Statement are enclosed herewith. For any 

non-English language patent documents identified in the Information Disclosure Statement form, 

copies of the original patent documents along with an English language translation of the original 

patent documents or an English language translation of the Abstracts of the original patent 

documents are enclosed herewith. 

Information Disclosure Statement Size Fee - \Vritten Asse1iion Under 37 CFR 1.98 

Submitted herewith is an Information Disclosure Statement Size Fee --- Written .Assertion 

Under 37 CFR 1.98. The cumulative number of documents submitted by the Applicant in the 

present application, including documents identified in the present Infonnation Disclosure 

Statement, is 8. The cumulative number of documents submitted by the Applicant does not 

include the documents referred to the Examiner pursuant to 37 CFR l.98(d)(l). 

Commonly-owned Related Patents 

Applicant brings to the attention of the Examiner the following commonly owned 

patents: 

1. .Application No. 16/528,958 filed August l, 2019, now l.J S. Patent No. 11,121,271; 

2. Application No. 17/182,954 filed February 23, 2021, now U.S. Patent No. 

11,791,432, and 

Application No : 19/036,506 
Attorney Docket No.: 309-0015USC1PDIV2 
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3. .Application No. 17/532,831 filed November 22, 2021, nmv U.S. Patent No. 

11,309,444. 

Commonlv-owned Related Patents Involved in IPRs and PCGs 

Applicant brings to the attention of the Exarniner the following conunonly owned patents 

currently involved in pending IPR proceedings: 

1. Case iPR2025-00993 on patent 12,0ls?,871, 
2. Case IPR.2025-00994 on patent 11,621,360; 
3. Case IPR.2025-00995 on patent 10,468,543; 
4. Case IPR2025-00996 on patent 10,446,700; and 
5. Case l:PR-00997 on patent 9,525,084. 

The following U.S. Patent is currently involved in a pending PGR proceeding: 

1. Case PGR2025-00082 for patent 12,243,948 

In the concurrently submitted Information Disclosure Statement, Applicant has identified seven 

(7) references on which the above five (5) IPRs rely to challenge patentability of the relevant 

patents under 35 U.S.C. §§102 or 103. 

Commonly-owned Related Patents Involved in Litigation 

Applicant also brings to the attention of the Examiner currently pending litigation 

vV&\VSENS DEVICES INC., v. SAJ'v1SUNG ELECTRONICS CO., LTD, and SAMSUNG 

ELECTRONICS ,1\MERICA, INC., pending in United States District Court for the Eastern 

District of Texas, Marshall Division (W&\Vsens v. Samsung) involving the following patents: 

1. US. Patent No. 12,087,871; 
2. U.S. Patent No. 11,621,360; 
3. U.S. Patent No. 10,468,543; 
4. U.S. Patent No. 10,446,700; and 
5. U.S. Patent No. 9,525,084. 

Applicant attaches hereto as Exhibit A (43 pages), Defendant's Invalidity Contentions in the 

W&WSens v Samsung litigation. The Defendant's Invalidity Contentions include an exhaustive 

list of references that the Defendant apparently may be relied on to invalidate one or more claims 

of the above-identified patents without providing any basis supporting any contention. 
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The Commissioner is hereby authorized to charge U.S. PTO Deposit Account 600125 

any payment due and to credit any overpayment thereto. 

Date: September 16, 2025 

Wissing Miller LLP 
Industrious at Hudson Yards 
31 Hudson Yards, 11 th Floor 
New York, NY 10001 

Application No : 19/036,506 
Attorney Docket No.: 309-0015USC1PDIV2 

Respectfully submitted, 

/Gerard NI. \Vissing/ 

Gerard M. ·wissing 
Registration No. 36,309 
Attorney for Applicant 
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EXHIBIT A 

IN THE UNITED STATES DISTRICT COURT 
:FOR THE EASTERN DISTRICT OJ? TEXAS 

l\'L<\RSHALL DIVISION 

W&WSENS DEVICES INC, 

PlaintUf; 

V 

SAMSUNG ELECTRONICS CO., LTD, and 
SMv1SUNG ELECTRONICS AMERICA, INC, 

Defendants 

Case No. 2:24-CV-00854-JRG 

.JURY TRIAL DEMANDED 

DEFENDANTS' INVALIDITY CONTENTIONS 

Pursuant to Local Patent R.uies 3-3 and 3-4 and the Court's Docket Control Order (Dkt. 38), 

Defendants Samsung Electronics Co., Ltd. ("SEC") and Samsung Electronics America, Inc. 

("SEA"), (collectively, "Samsung" or "Defendants") provide these Invalidity Contentions and 

accompanying document production to PlaintiffW&Wsens Devices Inc. ("\V&W"). 

I. Overview 

In this action, Plaintiff asserted in its PR. 3-1 and 3-2 Disclosures of January 7, 2025 

("Infringement Contentions") that Defendants allegedly infringe claims 1-4, 6-8, 10-12, and 14-

18 of U.S. Patent No. 12,087,871 (the "'871 patent"), clairns 1, 3, 5, 6, 8, and 9 of US. Patent No. 

11 6

•

0
1 "'''i(l ( h '"3 ✓-;() ' ") l • '1 3 

7 0 1() 1 ·:; 2() ·14 26 °8-3() . d 1, .i.'lT s P· ' , "" ,.,t t e t;, patent ., c aims , , ,, ,., ,, it, ,, - , , "". , an .. ~ oi ,., . atent 

N 1 0 46'8 ,:;4·- ( h ,·,,:;4·- '') i • 1 ., 7 9 10 1··· '0 ,4 26. 28 ·•o d .,, f .l .. S o. i ,- ,-··J t e • _.·J patent·, cairns , .:i, , , ~, o, ~,""', , ·--~, an -~~ o J.,. 

Patent No. 10,446,700 (the '"700 patent"), and 1-3, 5, 7, 8, 11-15, 17-19, and 21 of U.S. Patent 

No. 9,525,084 (the "'084 patent") (collectively, the "Patents-in-Suit" and the "Asserted Clairns") 

Patent Owner, \V&,vsens - Ex. 2017, p. 1 



This Court has not yet constmed any of the terms in the Patents-in-Suit. Defendants' 

Invalidity Contentions are based on Defendants' present understanding of Plaintiff's apparent 

interpretation of the Asserted Claims, as advanced by Plaintiff in its Complaint and Infringement 

Contentions, and Defendants' own understanding of the scope of the Asserted Clairns. Defendants 

take no position on any matter of claim construction or interpretation in these contentions. 

Defendants' contentions herein are not, and should in no way be seen as, admissions about or 

adoptions of any particular claim scope or construction, or any admission that any particular 

element is met in any part.iculanvay. Defendants object to any attempt to irnply clairn constructions 

from any identification or application of potential prior art .. Any statement herein describing or 

tending to describe any claim element is provided solely for the purpose of understanding the 

relevant prior art. By including prior art that anticipates or renders obvious claims based on 

Plaintiff's apparent claim construction, Defendants do not thereby adopt Plaintiff's apparent clairn 

construction. 

Moreover, nothing herein should be construed as an admission that Defendants agree with 

Plaintiff's claim interpretations or that Plaintiff has a plausible basis to allege infringement 

Similarly, nothing herein shall be construed as an admission regarding the application of the 

Asserted Claims to any of Defendants' accused products. Defendants do not agree with Plaintiff's 

application of the claims to the accused products, and Defendants deny infringement. Furthermore, 

these contentions do not represent an agreement with Plaintiff's views as to the meaning, 

definiteness, written description support for, or enablernent of any of the Asserted Claims. In fact, 

Defendants provide grounds for invalidity under § 112 below Pursuant to the Court's Docket 

Control Order (Dkt. 34), Defendants reserve the right to include arguments directed to 

indefiniteness in their lvfarkman briefing. Nothing stated herein shall be construed as a waiver of 

2 
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