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<69> .£ 3,':;_ %3'::o}O:j, AJ7l P}>-3. .l)~Itl(l00) ,c;_ ~zj-P}>-3.s_ o}O:j AJ7l .cz1]2 .£aj~ aj.£~-(50) ,c;_ ~z]-o}O:j E ~71 

(52)~ ~Yg~c}. 1 r:.71i'1 AJ7] E~71(52)01l QjiiH AJ7] .~12 .£ajrg zi.£*(51)Qj ""d-1\'- li1i'l.2. iL~~E~9i R~ 

-'\'- ( 53 ) 7} ~ Aj B q . 

<70> 'c:}7] :kl]2 .£aj~ aj.£~(51JQj ~z]-.2. ~~ EE~ ,';-~~z]- ~;,:j2..s.. zl"'Jl~ -"r s:li::+. ~ol, AJ7] :kl]2 £z!~ z! 

.£~(51)9-l ~z]-.2. AJ7] .~12 £z!~ aj.£~(51) o}-'\'-011 --'fl71~ :;-lAj*(40) 01 x½.s:17-.] ~.£~ zl 15Jl~c}. 

<71> AJ7]Q} ~ 01, AJ7] ;;s'Jl2 5-=_aj~ aj5=.~(51)Qj ""d-1\'- li1i'l01l _B_~-'\'-(53)7} ~Aj~_Q___sc_,<Aj AJ-7] ;;s'J]2 5=.aj~ aj.£~ 

(51)Qj li1i'l~.2. ~7}o}71] .s:1jl, o]__sc_ '?__liiH ±s=-c}ol__2_..1=..-9i -"r%~9:1ol ~F"J.s:1°7 olP]7-.] ,1{il7-7~ %7cJ-:,._]1!_-,':;_ '5cf 

AJA]~ T '.Uri. 

<72> EE~, 'c:}71 .czll2 5=.aj~ aj.5=.~(51)~ R~-'\'-(53)01] Qjo}O:j O}4Qj ""Fi Lj-]oil ~~~ % "lVJsii ~.::z.7} ~oj.5=. 

0}4 o]AJ ~-'8.s:1°7 ±s=-qo]--2_..1=..Qj % il:_i},':;_ ~7}Al~ T S:lti. 

<74> AJ-7] AJ-'f-zi~(60)2 ~Qj -'f-3,pjo] ~jl aj.5=_Ajo] ~.2. -4'-~aj=-;2..s.. "lH:J~ T 5:li::.}. cj]~ ~O,, AJ7] AJ--"f-aj 

=;(60)2 ITO(indium tin oxide) EE~ CTO(cardium tin oxide) ~2..£ ~"a~ T s:li::.}. 

<77> AJ7] ~ z_]-*(70) 2 AJ7] AJ-'f-zi ~( 60) 31} ~ 2-Pi EH80 )~ ~ 3-)-~ ,':;_ '5cfAJAl 7] 71 -'fl~ 3.-l _Q_s_, AJ7l AJ-'f-zi =-; (60) 

'c:}2..s.. 'i':l_ -"r7-.l(thermal resin)~ ~3-)-o}O:j ~.,,2~ .:f .sIJl&:§:} ~?:j,':;_ zl 15Jlo}O:j ~"'a~i::.}. 

<79> 'c:}7]-"} ~ol ~AjB o1Pl7-.] ,~H~ o}4-9i ,_:,p;ll_ l.f1oJ] ~T~ %~F~~ ~~ ±s=-c}ol..2_..1=..7} rgAj.s:1oJ ~"'Ji},':;_ 

<5JAJ Al ~ T s:l c} . 

<80> EE~ .5=. 5b01l .5=.A]B ti}Q} ~ 01, AJ7l it~BH.,,d(22) AJoJl ~"'aB ;;s'Jl2 5=.aj~ aj.5=.~(51b)01l O}4Qj _B_~-'\'-(53 

b)7} ~Aj~ T S:lti. 

<.84> .5=. 9~ %3'::o}o:j {l_J,]cj]~ 01u];,:.] ~Vl~, .l,,(]5:'_>- :§:l__sc_7} ~AjB ~£~] 7lotl-(10); -"d-71 ~£~] 7lotl-(10) ""d-011 

~"'aB ~T~ it-:',-llH~(22) ~ ~zl-~'?1~(21),':;_ ±Wo}~ it¾BH/d~(20); AJ7] it~llH/d~(20) AJoJl AJ-¥-li 

1i'loJ] ~0,.5=. 0}4 °VJ9-] R~-¥-(33)7} ~AjB ;;s'J]l .£aj~ aj.5=.~(31); ""J7] .cz'j]l .5=.aj~ aj.5=.~(31) AJoJ] ~;2 

B zi"'a~c4o); ~ ""J-71 zi.,,2~c40) AJoi1 ~AaB A112 £z!~ z!£~C5o),c;_ ±W~i::+. 

<85> 'c:}7] -"°'111 5=.aj ~ aj.5=.~ (31 )011 ~ ~ oj .5=. 0}4 °jAJ-9i E ~71(32)7} ~ Aj .£1 oj AJ-7] ;;s'Jll .£aj ~ aj.5=.~ (31)~ AJ 

1\'-li 1i'1 2 o} 4 ° l AJ ~ _B_ ~-'\'- ( 33 ) 7} ~ "'a ~ T s:l c} . 

<88> EE~, -"d-71 AJ-'f-zi~(60)31} ~2.f'iM_E7 °7i:.1l 0](80) ,'-} 0]01]~ ~z_]-~-(70) 01 ~"a~ T s:lc}. cj]~ ~oj ""J7l ~·3f 

~(70)2 'i':l_ -"r7-.l(thermal resin)£ ~"'aBi::.} 

<91> AJ-7] ~.£~] 7]otl-(10), it¾BH.,,d~(20) ~ o}-¥-z!~(25)2 AJ~B ;;s'J]l {l_A]cjlQ} %~o} 0 s.. 0]011 qj~ A,cl_~2 

"',ll~o}7ls.. ~c}. 

<92> AJ7] ~::U-~'?1~(21Hl AJ7] ~.5=.~l 7]otl-(10)Qj .l,,(]5:'_>- :§:]s_Q} '?1~.s:1~ it'.';°BH~(22),':;_ ~/2~ .:f AJ7l it¾BH 

~~(20) AJ-"f-£ ±_s=_c}Ol..2_..1=..~ ~'8~1i. 
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<93> "2}71 Y_s=_c} 0 l__2_C~ ii--:';-BH,;-1_¼(220) --"J-¥-oJl "'§AdS:lo-J -211\'-oJl,Z-, ~"-}s=J~ ~i ~ 0 } ~1-7131 q:JE]js:'._ aj_~ m __l_il__ 

'\'l-"io}7l -$1~ ~25'.- {l_AlcjloJP•l~ :,,r! c} 0 l__2_c(pIN diode)~ "-}¾~c}. ;s1]2 {l_/,lcjloJll--7 J,}¾s=]-:= Y_s=_c} 0 l__2_c 

~ .A1ll {l_A]cjlQ} %~o} 0 5'.- 0 loJl qj~ T~l312 1!.~2 /-Jl~o}.:iI _:g.:cs,;jc~l--1oJl qj<'>Hl---,'i'}- ,,J~o}£~ ~i:+. 

<95> --"J7l ii-~BHJ.1~(20) --"JoJl .A1ll 5=.ajq:J aj£~(3o)i "'§Ad~~, --"J7l ;s1ll 2.caj_q:J aj£~(30) --"Jl\'-5'.- 31o-J£ o} 

y. opJs,j P}A.=I_ ~'c!(l00)i "'§Ad~c}. 

<96> --"J7l P}A==r ~1c1O00)2 --"J7l A1ll 2.caj_q:J aj£~(3o)i R{!q:Jf115'.- "'§Ad"6°}7l --'?1~ ~25'.-, Y_s=_.:.117.lAE ~';; 

i £Yo}.:iI 11HEf1-ao}O:j q:J.,,g~c}. --"J7l P}c:'::3. ~1c!(l00)2 .,,._J7l ~ll £ajq:j aj£~(30) --"JoJl 3jo-j£ o}y. 0 1 

.,,._J "'§Ads=jo-J .,,._J7l ;s7]1 2.caj_q:j aj£~(30)Qj --"J-'f- Kii'J. 0 1 B-7}~ 7}7.]£~ "'§Ad%[ T 9,1.c}. 

<97> £ 1i %3'::o}O:j, .,,._J7l P}..,,-3. ~'c!(loo)i ~zJ-P}A.=I.5'.- "io}O:j --"J7l ~ll 5=.ajq:J aj£t(3o)i ~z]-o}O:j E~;5;l 

(32) ~ "'§ Ad ~q. ::r c.H:l. "J7l E ~ ;5;1 (32)011 .9-] <'>H --"J7l ;s7]1 £aj "'§ aj5=.~ (31).9-J "J-'f- li 1i'l. oJl ~ _8_{! "'§ E]j.9-j R 

{! -¥-( 33) 7} "'§ Ad 28_ q. 

<98> --"J7l .A1ll £ajq:j aj_.5=_~(31).9-J ~z]-2 Z:!~ .:£~ ,;',~~z]- _:g.:cscJ_<'.>_5'._ zl8"Jl~ "r 3Ji:+. '=;"iol, "J7l ~ll .5=_aj_q:j aj 

£~(3l)S'l ~zi-.2_ --"J7l -~ll 5=.ajq:J aj£~(3ll o}-'f-oJl --'f1;,;l~ ii--:';-BH.,;j~(20) 0 l x½s=J.7.l ~£~ zi,,-Jl~i:+. 

<99> £ si %3'::"io}O:j, "J7l Alll £ajq:j aj_.5=_~(30) --"J_<'.>_5'._ zlAd~(intrinsic layer)(40) m .A1l2 £ajq:j aj_.5=_~(5 

0) i 'ii:- .;z}3j _<'.l__s=_ "'§ ~ ~ c}. 

<100> ::r2.71i'l_, "J7l :z,]l 5=.ajq:j aj_.5=_~(31).9-] "J-'f- Kii'J.i u:J-4 "'§Ads=]~ "J7l :;;Pd~(40)2 "J7l .A,ll .5=_aj_q:j aj_.5=_~ 

(31) .9J R{! 1\'-(33) oJl S>1 <'>H --"J-¥- K 1i'l. 0 1 B-7} ~ 7}7.l 711 5'J .:,:r, "J7l .:z1]2 2.caj_ q:J aj£~ (50) .2_ "J7l zl ,,<'l ~ C 40) oJl 

.2-1 <'>H "J-¥- K 1i'l. 0 1 B-7} ~ 7}7.l 711 28. i:+. 

<101> u:j-2-}l--7, --"J7l .A1ll £ajq:j aj_.5=_~(31), zlAdt(40) m A7]2 £ajq:j aj£½(50)25'.- 0 l"F-o-J7.l~ Y_s=_c} 0 1Q£.9j li 

ii'J..2_ R~q:jf]15'.- q:J~_s:jo-j Kii'J.31 ~7}5'._ 'i']"io}O:j ~~7.liti "8"JAJ/Hl_ T 91711 Bi:+. 

<105> "2}71 --"Jl\'-aj.::::.;-(60).2_ ~Qi 1f-.:i,pdol ~.:iI aj_.5=_Adol ~.2_ 1f-~aj_~_<'.>_5'._ q:j/g~ T 9J.c}. cj]~ ~o-J, .,,._J7l --"Jl\3-aj_ 

.::::.;-(60)2 ITO(indium tin oxide).:£~ CTO(cardium tin oxide) ~_<'.l__s=_ "'§Ad~ 4- ?Jc}. 

<107> AJ7l ~z.j-~(70).2_ "J7l "c},¥-aj_.::::.;-(60)3']- ~9~E1(80).9j ~zi-~i "8"J/..JA17']7l -$1~ 3.-l25'.-, "J7l AJ,¥-aj_:::;(60) 

"J25'.- ~ 4"7.](thermal resin)~ ~z.]-"io}O:j "'§,,.8~ ~ .sIJ18-:§:J- _:g.:cscJi zl8"Jlo}O:j "'§Ad~c}. 

<lli> £ 13i {[3'::"io}O:j {l_A]cj]Qj 0 1°]7.] 11}l--7~, .1,1l,5'_A §i5'.-7} q:j/g28_ Jti-£~1 7 ]~(10); --"J7l Jti-£~1 7]~(10) "JoJl 

"'§Ad8 ~4-S>l ii-~BH.,;jc22) m ~z1-~'i'lcq-c21)i ±W"io}-:= ii--:';-BH.,;j~c20); "J7l ;;~BH.,;j~c20) "2l-oi1 "'§Ad8 

;s7]1 5=.aj "'§ aj£~ ( 30); /..J7] ;s7] 1 5=.aj "'§ aj£~ (30) --"JoJl --"Jl\'-li 1i'l. oJl 31 o-J £ "io}y. 0 ]--"J Qj R~ 1\3-( 43) 7} "'§ Ad 28_ 

z1Ad~c41); m "J7l ziAd~C41) "JoJl "'§AdB "',12 2.caj_q:J aj_5=.~C5o)i ±W~i:+. 

<112> .,,._J7l zlAd~(41)01l~ 3jo-j£ "io}y. 0 ]--"J.9-j E~:<.1(42)7} q:j/gs=jo, "J7] zlAd¼(41).9j "J-'f-Kii'J.2 3jo-]£ "io}Lj- 0 1 

"J.9-J R~-'\'-(43)7} "'§'8~ 4- 9li:+. 
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<115> EE~, "'J7] "'J1f-aj_~(60)cil} ~2f~_E7 °-]i,-Jl 0 1(80) ),} 0 ]oJl~ ~zj-~(70) 0 ] ~A,:j~ T 5:li:+. oJl~ ~o-J "'J7l ~zj­

~(70) 2 'i':l_ "'r---7:l(thermal resin)£ ~AaBi:+ 

<118> "'J7l 1sl}-5=__ifl 7lotr(10), -'§-~Bfl--;-1-~(20) ~ O}4'-aj_=;(25)2 "'J~B _A-lll {J-',loJlQJ- %~o}u_sc_ 0 loJl i::11~ -11~2 

-"'Jl ~o}7] _sc_ ~i:+. 

<119> "'J7] ~zl-~Z!c'l-(21)oJl AJ7l 1sl}-5=_jj] 7 ]otl_-(10)9-j h(j__s:i__A §j_sc_Q} Z!~s:J~ ii-~Bfl--;-i(22)i ~_,J2~ ~ "'J7] ii-~llfl 

),"1_ ~ c20 > "'J1f-_sc_ ±£r1- 0 1 __2____1=__~ ~ _,,_a ~ct. 

<120> "'J7l ±£ct0 ]_s,____1=__~ ;;'~Bfl--;-1_~(220) "'J-¥-oJl ~Aas:Jo-J 91-¥-oJlAl 'f]A}s:j~ 13'!i ~ 0 } aj7l31 ~Efl_sc_ aj_~ ~ __lil_ 

tl-o}7l -$1~ ::,;:l__Q____sc_ {JAloJloJ]_,,__1~ 31:! c} 0 l__2__£(PIN diode)~ A}%-~i::}. 71]2 ~AloJloJl_,,__1 "'}%-s:J~ ±£ct0 ]_s,____1=__ 

~ ~ll {J --"l oJl QJ- % ~ o} u 5'- 0 l oJl i::11 ~ -=r 7Jl ~ 2 1-l_ ~ 2 l;lJ ~o} JI -'5- 7.:l 'i?_,,__1 oJl i::11 iifl _,,__1 'i'! 1-l_ ~ o} 5=_ ~ ~ q. 

<12-b ,,_J7l o}A_:=r _rrflitl(100)2 "'J7l ;;-1";3*(4o)i R~~Efl_sc_ ~_,,_;;lo}7l -fl~ 3-i__Q____sc_, ±£cfl7l_,__E ~;:; i 5=__:,f_o}JI 

Tifl E-j 1c! o}O:j ~ Aa ~i:=-}. "'J7l o}A 3- _rr]j it[ (100) -2 "'J7l ;;-1 Aa ~ ( 40) AJoJl 31 o-J 5=_ o}L-j- 0VJ ~ _,J2 5'j o-J "'J7l ;;-IA;;l ~ 

C4I)-9-J -'J-¥- K1i'! 0 l TI~}~ 7}71£~ ~_,,_aw T s:1i:+. 

<125> £ ni %3=:o}◊:j, "'J7l o}A_:=r _rr]jit[(l00)i ~zj-P}A==l__s:'_ o}O:j "'J7l ;;-IA;;l~(40)i ~zj-o}O:j E,:-JPl(42)~ ~Aa 

~i:+. i 2--J 1i'! "'J7l _§__ i@;,;l( 42 )oil 9-J iifl -'-J7l ~_,,_a~ c 41) 9-J "'J-1\'- Kia_ oi1 ~ _B__~ ~ Ell-9-l _B__~ 1r-c 43) 7} ~ _,,_a B r1-. 

<126> "'J7l ~,,,_a~(41)9-J ~42 z!~ EE~ ;',~~Zr -'5- 7.:J__Q____sc_ ~"Jl~ "'r-- <xlct. '.":;ol, -'c}-71 ;;-l-"';.]~(41)-9-J -!:-14-2 -'c}-71 

;;-I-"';.J~C41) o}-¥-oJl --'fl;,;l~ 7-lll _:t:c_aj_~ aj__:t:c_~(3o) 0 1 ~½5'J7l ~£~ ;;-I"Jl~i:+. 

<128> i2--Jia_, "'J7l ~Pa~(41)9-J "'J-¥- K1i'!i rr}4 ~_,,2s:J~ "'J7] -~-112 _:t:c_aj_~ aj£~(50)2 "'J7l ;;-I_,,2~(41)-9-J R~ 

-1\'-( 43 Hl 9-J iifl -'J-¥- K 1i'! 0 1 TI~}~ 7}71711 Bi:+. 

<129> n::}2}A7, "'J7l -~-lll _:t:c_aj_~ aj_-5=_~(30), ;;-l-"';;l~(41) ~ -~-ll2 _:t:c_aj_~ aj£~(50)__Q____sc_ 0 l~o-J:<:l~ ±£ct0 l__2__£9-j K 

1i'12 R~~Efl_sc_ ~,,,_as:Jo-J Kli'131 ~7}5'- 'i'Jo}O:j %7cJ-7liti <5J-'-J--"l~ "'r-- 5:1711 Bi:+. 

<132> "'J-71 "'J1f-aj_~(60)-2 13'!9-j -4'-Jlj-_,;_;.Jo] ~JI aj__:t:c_A;.Jol ~2 -4'-~aj_=;__Q____sc_ ~_,,2~ T 5:li:=-}. oJl~ ~o-J, "'J7] "'J-1\'-aj_ 

=;(60)2 ITO(indium tin oxide) EE~ CTO(cardium tin oxide) ~__Q____sc_ ~_,,_d~ T 5:li:+. 

<134> "'J7l ~ z_]-~ ( 70) 2 "'d-71 "'J-1f-aj_ ~ ( 60) =4 ~ 2-7 ~ E-l( 80) 9-j ~ 31-~ i <5JAJAl 7] 71 -fl~ 5l __Q____sc_' "'d-71 "'J-1\'-aj =-; ( 60) 

AJ__Q____sc_ 'i':l_ "'r-7l(thermal resin)~ ~z]-o}◊:j ~Aa~ ~ -SIJ18-~ --'g- 7;.Ji ;;-l"Jlo}O:j ~A;;l~c}. 

<136> ol-'-Joj]A7 11_~~ {JAloJl~ aj_~~ {JAloJl ~ £li'i_oj] ~::<cJS'j~ 3-iol o}L-1JI, ~ {JAloJl-9-J 71~31 A}"'Ji 1:5J_o-JL-j-

7l ~~ 1:,13-$1 1.BoJlA1 O:je-7 7}71 71~, 'i'!~ ~ 'i'!7clw T <xli:+~ -5!2 ~ {JAloJl7} ~o}~ 71~ ~ 6 ]:oJl--"1 -')PJ 

9-j 71 ~ i 7 };;-17.}oJl 711 5:1 o-J ~ ll_lj %[ 3-i 0 l i:=-}. 
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<138> EE~, Ei@;,_]AE7 ~5'._Q} ±£11°]_2_£-9] T~~ ~~ 0 1] Q]~B =\M. ~EHfill factor)~ 100%oJl -2-;;~j/,]~ T 

9Jq. 

<139> EE~, -"r3J~ ~~oJl Q]~B ~c1j7]~_lil_q :Q-2 -'2:l~ .A}o]::z.oJ]"l ~2 .1,,l},'-.7E]tl]E](sensitivity)~ ~l-'5W T 

9Jq_ 

<141> E__Q_ tll-
0 2 0 

<142> EE~, ±£11°]_2_£-9] 11-'fl-'2:l~i -=r,awoJl ~-°1 11-'fl -'2:l"i i...H-9.J ±£11°]_2_c-91 K1i'l.3l i ~7}Al?'l .:i!J~7-l~i 
.S-JAJ,\l ~ -"r 91 q. 

<143> EE~, AJ7] B-'fl-'2:l"Jl.oJ] ~B"ir3}~ ±£c} 0 ]_2_c7} -l't~~;:z.Q} ~2 ~::z.~£11~ 7}7-]71] -5']°7 ~.:,,J~i .s-,pJ"]~ 

-"r 9Jr1. 

/ / 

- 10 -

50 

40 
30 

22 

21 

- 10 

100 

50 

40 
30 

]20 

221 20 
21 J 

10 



53 

53 

- 11 -

~DH=; o-l 10-2008-0101301 

51 
40 
30 

22] 20 
21 

10 

60 
51 
40 
30 

10 

80 

70 
60 
51 
40 
30 

221 
21 J 

10 

20 



- 12 -

53b 
! 

~DH=; o-l 10-2008-0101301 

70 
60 
51b 
40 

30 

J_-~--------;1----221l20 
21 

10 

22} 20 
21 

10 



/ 
25 

- 13 -

33 

~DH=; o-l 10-2008-0101301 

50 
40 
31 

22] 
21 

10 

20 



43 

70 

- 14 -

~DH=; o-l 10-2008-0101301 

41 
30 

10 

60 
50 
41 

30 

22 l 
21, 

10 

20 



iiiiiiii -

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

( 19) World Intellectual Property Organization 
International Bureau 1111111111111111111111111111111111111 IIIII IIIII IIIII IIIII IIII IIIIIII IIII IIII IIII 

(IO) International Publication Number (43) International Publication Date 
11 January 2001 (11.01.2001) PCT WO 01/03255 A2 

(SI) International Patent Classification 7: H0IS 

(21) International Application Number: PCT/US00/18637 

(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 

7 July 2000 (07.07.2000) 

English 

English 

(30) Priority Data: 
09/348,353 7 July 1999 (07.07.1999) US 

(71) Applicant and 
(72) Inventor: SCOTT, Jeffrey, W. [US/US]; 1085 Miami 

Way, Boulder, CO 80303 (US). 

(72) Inventor: WASSERBAUER, John; 565 Mohawk Drive 
A6, Boulder, CO 80303 (US). 

(74) Agent: HASAN, Syed, A.; Christie, Parker & Hale, LLP, 
P.O. Box 7068, Pasadena, CA 91109-7068 (US). 

(81) Designated States (nalional): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG. BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, OM, DZ, EE, ES, FI, GB, GD, GE, GH, GM. HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS. LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SO, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 
Witholll international search reporl and to be republished 
upon receipt of that report. 

For two-letter codes and other abbreviations, refer to the "Guid­
ance Notes on Codes and Abbreviations" appearing at the begin­
ning of each regular issue of the PCT Gaze tie. 

iiiiiiii --------------------------------------------
iiiiiiii == -

-iiiiiiii 
!!!!!!!! 

Ir} 

(54) Title: A CLOSELY-SPACED VCSEL AND PHOTODETECTOR FOR APPLICATIONS REQUIRING THEIR INDEPEN­
DENT OPERATION 
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Ir, (57) Abstract: A monolithically integrated VCSEL and photodetector, and a method of manufacturing the same, are disclosed for 
~ applications where the VCSEL and photodetector require separate operation such as duplex serial data communications applications. 
Q A first embodiment integrates a VCSEL with an MSM photodetector on a semi-insulating substrate. A second embodiment builds 
...__ layers of a p-i-n photodiode on top of layers forming a VCSEL using a standard VCSEL process. The p-i-n layers are etched away in 
~ areas where VCSELs are to be formed and left where photodetectors are to be formed. The VCSELs underlying the photodetectors 

are inoperable, and serve to recirculate photons which are not initially absorbed back into the photodetector. The transmit and receive 0 pairs are packaged into a single package for interface to multifiber ferrules. The distance between the devices is precisely defined 
::;;,... photolithographically, thereby making alignment easier. In a further alternate embodiment, an FET is coupled to the p-i-n photodiode 
;;;-,,- to form an integrated detector preamplifier along with the VCSEL transmitter all on the same optical reference plane. 
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A CLOSELY-SPACED VCSEL AND PHOTODETECTOR 
FOR APPLICATIONS REQUIRING THEIR INDEPENDENT OPERATION 

FIELD OF THE INVENTION 

The present invention relates to vertical cavity surface 
emitting lasers (VCSELs) and photodetectors, and more 
particularly to the application of such optoelectronic devices 
where they must operate independently but where it is also 
desirable to have a transmitter and a receiver closely-spaced. 

BACKGROUND OF THE INVENTION 

There are a number of data communications applications 
that make use of optoelectronic sending and receiving devices 
(i.e. light emitters and photodetectors) . For fiber optic 
data communication applications requiring less than 200 
MBits/sec, light emitting diodes (LEDs) are the light emitters 
of choice because they are relatively inexpensive to 
manufacture. For applications requiring higher speeds, lasers 
are typically used as the light emitters. 

Until recently, most high speed data communications 
applications employed edge emitting lasers in a serial (single 
channel) format. With the advent of VCSELs, many such 
applications are now implemented using VCSEL arrays that can 
be interfaced to ferrules carrying multiple fibers to transmit 
several bits of data in parallel. At the receiving end, an 
array of photodetectors is coupled to the multiple fibers. The 
ability to manufacture VCSELs in arrays (an advantage of 
LEDs), combined with their high speed of operation (an 
advantage of lasers), makes VCSELs desirable in such 
applications. 

For high-speed serial duplex data communications 
applications, however, separately packaged light emitters 
(usually edge emitting lasers) and photodetectors are still 
employed. For long-haul applications (typically having 

35 distances greater than 1 kilometer), wavelength division 
multiplexing is often employed to transmit and receive data 
for a duplex channel over the same fiber. Because the primary 
cost of a long-haul duplex serial data channel resides in the 
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1 fiber and its installation, complex beam-splitting techniques 

can be justified at the ends of the channel to separate the 

transmit and receive data streams from the single fiber. 

For short-haul or ''premises" applications, however, the 

5 cost of fiber and fiber installation is relatively less 

important than the cost of the many transmit and receive 

functions. Thus, it is the cost of the data transmit and 

receive components, and particularly the optoelectronic 

devices and their packaging, that drives cost considerations 

10 for short-haul applications. Typical short-haul 

implementations of a high-speed serial fiber optics data 

communications channel operating in full duplex still employ 

two rnul timode fibers, each one to connect an individually 

packaged transmitting light emitter to an individually 

15 packaged receiving photodetector. This is because the cost of 

complex beam-splitting components often cannot be justified. 

FIGS. l(a) and l(b) illustrate the components comprising 

a typical implementation of a transmit or receive link for a 

short-haul high-speed duplex data communications application. 

20 FIG. l(a) illustrates a fiber assembly 12. A round ferrule 26 

houses an optical fiber 28, which is located precisely in the 

center of ferrule 26. A typical diameter for ferrule 26 is 

approximately 2. 5 mm. Ferrule 26 comes with a latching 

mechanism 30, which is used to clamp and secure the ferrule to 

25 a barrel 32 of an optical sub-assembly 10, which is depicted 

in Fig. l (b) . Barrel 32 houses optoelectronic device 14 

typically in a TO can package 16 centrally located in the 

barrel as shown. Optoelectronic device 14 is typically 

located at an appropriate point within can 16 by a standoff 2. 

30 Ori ver or amplifier circuitry is coupled to optoelectronic 

device 14 through leads 22. A window 18 is provided in the 

top of the can package to allow transmitted light out or 

received light in, depending upon whether the optoelectronic 

device is a light emitter or a photodetector. The TO package 

35 is aligned with fiber 28 and epoxied using epoxy 24 to fix the 

position of the optoelectronic device with respect to the 

ferrule 26 and hence fiber 28. Optical elements such as lens 

20 are typically provided to focus the light for optimal 
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1 optical efficiency, particularly where the light emitter is an 

edge emitting laser. Barrel 32 is designed to mate with 

latching mechanism 30 of fiber assembly 12. 

Both fiber assembly 12 and barrel 10 are precision 

5 manufactured for precise mating. Active alignment of TO 

package 16 and optoelectronic device is ordinarily performed 

in the x, y and z axes. First, the optoelectronic device is 

precisely aligned within the package 16. Second, the package 

16 is precisely aligned within barrel 10. Finally, optical 

10 element 20 is precisely aligned with respect to its distance 

from the optoelectronic device 14 to achieve proper optical 

operation. Because a separate package is required for both 

the transmit side and the receive side of the duplex data 

channel, a total of twelve active alignments are typically 

15 performed for each channel and each channel includes the cost 

of eight precision-manufactured coupling parts. 

FIGS. l(c) and l(d) provide schematic illustrations of 

the fiber assembly 12 and optoelectronics subassembly 10 of 

FIGS. l(a) and l(b), respectively. 

20 FIG. 2 illustrates a typical duplex serial data 

communications module 40, which has mounted to it an optical 

subassembly 52 containing a light emitting device 13 disposed 

in a TO can package 9 having a window 17, which is to be mated 

with an optical fiber assembly 46 and which is dedicated to 

25 data transmission. Module 40 also has an optical subassembly 

50 mounted to it containing a photodetector 15 disposed in TO 

can package 11 and which is to be mated with optical fiber 

assembly 48 and dedicated to receiving data from a remote 

module not shown. Because of the differing optical 

30 requirements of the transmit and receive devices, the modules 

must often be mounted in a staggered fashion as shown. 

Moreover, the transmit devices are located at an optically 

appropriate point in their can packages by standoffs 4 and 6 

respectively. 

35 Because of the cost of the precision components and the 

large number of alignments required for implementing duplex 

serial modules 4 0, it is highly desirable to integrate the 

transmit and receive optoelectronic devices (i.e. light 
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emitter and photodetector) into one package. Integration of 

the two devi~es into a single package is not, however, easily 

achieved. The prior art implementations as illustrated in 

FIGS. la-d and 2 cannot be readily adapted to multi fiber 

ferrules currently available for unidirectional data 

transmission using VCSEL arrays. These multi fiber ferrules 

have fiber spacings which are typically about 250 microns and 

can be less. The diameter of the TO can package 14 commonly 

used in present implementations is itself 5600 microns in 

10 diameter. Thus, the standard ferrule and barrel would have to 

grow substantially in diameter to accommodate two fibers 

having the spacing dictated by the TO cans housing the 

optoelectronic devices. 

Even if a substantially larger barrel could be created to 

15 integrate the light emitter and photodetector as commonly 

packaged to receive both a transmit and a receive fiber, it is 

not clear that the resulting package could provide the 

necessary separation of incoming and scattered outgoing light 

beams to prevent crosstalk between the transmit and receive 

20 signals (at least not without complex optics and possibly some 

form of isolation). Although solutions have been disclosed to 

stack a light emitter (typically an LED) on top of a 

photodetector to transmit and· receive wavelength di vision 

multiplexed signals (the light emitter is transparent to the 

25 received wavelength), beam-splitting must still be employed at 

the opposite end. 

Closely spaced VCSELs and photodetectors can suffer 

leakage effects which can degrade the sensi ti vi ty of and 

induce excess noise into the operation of the photodetector. 

30 Also, current leakage from the VCSEL to the photodetector can 

unacceptably alter the operating characteristics of the 

photodetector over time. 

Conventional photodetectors output low amplit~de current 

signals that are highly susceptible to noise and crosstalk 

35 with the VCSEL. Therefore, conventional photodetectors 

require highly sensitive interface electronics, typically 

Gallium Arsenide (GaAs) for high speed, low noise integration 

with the photodetector. The use of GaAs receiver electronics, 
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1 however, greatly adds to the cost of high speed data 

communications. 

Thus, there is room in the art for an improvement in the 

area of optoelectronic device fabrication which facilitates 

5 the integration of one or more pairs of transmit and receive 

devices, without current leakage between them, for interfacing 

with a single ferrule carrying one or more pairs of fibers 

having spacings of 250 microns or less, to substantially 

reduce the cost and complexity of implementing high-speed 

10 serial duplex data communications channels including the cost 

of receiver interface electronics. 

SUMMARY OF THE INVENTION 

It is therefore an objective of the present invention to 

15 provide a VCSEL device sufficiently close to a photodetector 

device to permit the use of commercially available multifiber 

ferrules having fibers spaced on the order of 750 microns to 

250 microns or less. Ferrules having fiber spacing of 750 

microns are referred to as having a small form factor (SMFF). 

20 An exemplary embodiment of the present invention provides 

closely-spaced but independently operable optoelectronic 

devices by monolithically integrating the two devices on the 

same substrate. The invention also provides a process by 

which multiple pairs of VCSELs and photodetectors can be 

25 arrayed on the same substrate. The invention further provides 

a process by which the closely-spaced but independently 

operable optoelectronic devices can be packaged using known 

lead-frame or ceramic packaging technologies. The invention 

may be used to integrate any requisite optics with either the 

30 semiconductor manufacturing technology or the packaging 

technology. 

The invention simplifies significantly the alignment of 

the fibers to the closely-spaced optoelectronic devices by 

taking advantage of the photolithographic nature of monolithic 

35 semiconductor processing to precisely define the separation 

between the optoelectronic devices. 

The invention also provides closely-spaced but 

independently operable VCSEL and photodetector pairs capable 
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1 of near-field operation requiring no optics and which permit 

butt coupling between a package containing the optoelectronic 

devices and a flat faced multifiber ferrule. 

In a first preferred embodiment of the invention, one or 

5 more VCSELs are formed using a known process for manufacturing 

such devices. The one or more VCSELs comprise an n-type GaAs 

substrate and a first mirror formed on the substrate, which is 

a well-known distributed Bragg reflector (DBR), and a first 

spacer or cladding layer which is formed on top of mirror. 

10 This first mirror is also preferably doped n-type. An active 

region is then formed on top of the first cladding layer, the 

active region comprising at least one quantum well layer or 

bulk layer. A second spacer or cladding layer is formed on 

the active region, with a second DBR being formed on the 

15 second spacer layer and doped to have p-type conductivity. 

On top of the VCSEL layers is grown an etch-stop layer of 

AlGaAs having about 90% or greater Al content. An extended p­

type layer of AlGaAs having more typical alloy proportions is 

then grown on top of the etch-stop layer. On top of this p-

20 type layer is grown an intrinsic layer (i) which is undoped 

GaAs. On top of the intrinsic layer is grown an n-type region 

of AlGaAs. An etching process is then performed to etch away 

the extended p, i, and n layers where the one or more VCSELs 

are to be formed. The etching process uses the etch-stop 

25 layer to mark the end of the etching process so that the VCSEL 

area has exposed the top surface of an appropriately designed 

mirror. A proton implant region is created which separates 

the one or more VCSELs and the photodetectors formed by the 

unetched p, i, and n layers. Anode contacts are formed over 

30 the non-implanted p regions to form apertures for the VCSELs. 

A VCSEL cathode contact is formed on the substrate. Anode 

contacts are also formed on the p region. of the p-i-n 

photodiode and a cathode contact is made to then region of 

the p-i-n photodiode. 

35 Thus, in this preferred embodiment, a VCSEL circuit can 

be isolated from a p-i-n photodiode using a proton implant 

isolation region which is commonly used to isolate VCSELs 

formed in arrays. The anode contacts to the p region of the 
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1 p-i-n photodiode may be coupled to ground so that the VCSEL 

structure which lies underneath the p-i-n photodiode is never 

turned on and other bipolar parasitic effects are avoided. 

The width of the proton implant isolation region is typically 

.5 between 50 and 100 microns. Thus, the VCSEL and the p-i-n 

photodiode can be separated by an accurately known distance, 

significantly less than 25 microns if desired. Moreover, the 

difference in thickness between the VCSEL and the p-i-n 

photodiode is small, thereby permitting near-field coupling of 

10 the optoelectronic devices to fibers. 

One significant advantage of the first embodiment of the 

invention is that it requires very few additional steps to an 

otherwise typical VCSEL manufacturing process. A second 

advantage is that, when an anti-reflection coating of silicon 

15 nitride is applied to the photo-receiving n region of the 

photodiode, in conjunction with the p-type mirror which 

underlies the p-i-n photodiode, a high degree of efficiency is 

achieved. The silicon nitride anti-reflection coating 

increases transmission of incoming light into the surface of 

20 the p-i-n photodiode. Additionally, any light which is not 

absorbed by the intrinsic layer of the photodiode on its way 

through will be reflected from the underlying p-type mirror 

back into the intrinsic layer and will then have a second 

opportunity to be absorbed. 

25 Another embodiment of the invention employs a VCSEL with 

an MSM photodiode. The VCSEL is manufactured on a semi­

insulating substrate. Because the MSM photodetector employs 

the semi-insulating layer as its common cathode, the two 

optoelectronic devices are virtually isolated from one another 

30 electronically as a result. A photolithographically defined 

.minimum spacing of 250 microns or less can also be achieved 

using the second preferred embodiment of the invention. An 

anti-reflection coating is also preferably employed over the 

MSM photodetector to increase efficiency. To further enhance 

35 electrical isolation between the two devices, an isolation 

region can also be formed, preferably by implantation. 

Another advantage of using an MSM photodiode is that the two 
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1 anode terminals can be used to drive a differential amplifier, 

thereby permitting common-mode rejection of noise. 

5 

Each embodiment can be integrated with optically 

transmissive materials that can be formed into lenses on the 

surface of the semiconductor. Either embodiment can also be 

implemented within standard precision manufactured barrels to 

be aligned with circular ferrules containing multiple fibers. 

Finally, either embodiment can be encapsulated using known 

lead-frame or ceramic packaging technology to permit near-

10 field flat coupling between a flat package having an optically 

transmissive surface and a commercially available flat 

rectangular ferrule containing multiple fibers. 

A further embodiment of the present invention provides a 

low cost method of repeatably manufacturing a closely-spaced 

15 or small form factor (SMFF) package for optical transceivers. 

The system includes a highly insulative, proton implantation 

region that isolates the photodetector and eliminates current 

leakage (i.e. crosstalk) between the VCSEL and photodetector. 

In an alternate embodiment of the present invention, the 

20 photodetector is integrated with a FET to form a high speed 

integrated detector preamplifier on a single chip. 

In one aspect, the present inventions provides a method 

of manufacturing monolithic VCSEL and photodetector pairs by 

forming VCSEL layers directly on a semiconductor wafer 

25 substrate by forming first mirror layers, forming a first 

cladding layer on the first mirror layers, forming an active 

region on the first cladding layer, forming a second cladding 

layer on the active region, forming second mirror layers on 

the second cladding layer, forming photodiodes distributed 

30 across the wafer, and defining active and inactive VCSELs by 

forming isolation regions around the second mirror layers of 

the active VCSELs. 

In another aspect, the present inventions provides method 

of manufacturing monolithic VCSEL and photodetector pairs by 

35 forming VCSEL layers directly on a semiconductor wafer 

substrate by forming first mirror layers, forming a first 

cladding layer on the first mirror layers, forming an active 

region on the first cladding layer, forming a second cladding 
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1 layer on the active region, forming second mirror layers on 

the second cladding layer, forming photodiodes distributed 

across the wafer, and defining active and inactive VCSELs by 

forming proton implant isolation regions around the second 

5 mirror layers of. the active VCSELs. 

In a still further aspect, the present invention provides 

a method of manufacturing monolithic VCSEL and photodetector 

pairs by forming VCSEL layers directly on a semiconductor 

wafer substrate by forming first mirror layers, forming a 

10 first cladding layer on the first mirror layers, forming an 

active region on the first cladding layer, forming a second 

cladding layer on the active region, forming second mirror 

layers on the second cladding layer, forming photodiodes 

distributed across the wafer, and defining active and inactive 

15 VCSELs by forming proton implant isolation regions 50-100 

microns wide around the second mirror layers and extending 

vertically through the second mirror layers to the second 

cladding layer. 

In still another aspect, the present invention provides 

20 a method of manufacturing monolithic VCSEL and photodete6tor 

pairs by forming VCSEL layers directly on a semiconductor 

wafer substrate by forming first mirror layers, forming a 

first cladding layer on the first mirror layers, forming an 

action region on the first cladding layer, forming a second 

25 cladding layer on the active region, forming second mirror 

layers on the second cladding layer, forming photodiodes 

distributed across the wafer, and forming VCSEL anode contacts 

overlapping a topmost second mirror layer and the isolation 

region of the active VCSELs. 

30 In still another aspect, the present invention provides 

a method of manufacturing monolithic VCSEL and photodetector 

pairs by forming VCSEL layers directly on a semiconductor 

wafer substrate, then forming photodiodes distributed across 

the wafer directly on the semiconductor wafer substrate at 

35 discrete locations. 

In still-another aspect, the present invention provides 

a method of manufacturing monolithic VCSEL and photodetector 

pairs by forming VCSEL layers directly on a semiconductor 
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1 wafer substrate by forming first mirror layers, forming a 

first cladding layer on the first mirror layers, forming an 

active region on the first cladding layer, forming a second 

cladding layer on the active region, forming second mirror 

5 layers on the second cladding layer, defining active regions 

and inactive regions by forming isolation regions in the VCSEL 

layers, and then forming photodiodes distributed across the 

wafer on the second mirror layers of inactive VCSELs. 

In still another aspect, the present invention provides 

10 a method of manufacturing monolithic VCSEL and photodetector 

pairs by forming VCSEL layers directly on a semiconductor 

. wafer substrate by forming first mirror layers, forming an 

active region on the first cladding layer, forming a second 

cladding layer on the active region, forming second mirror 

15 layers on the second cladding layer, forming photodiodes 

distributed across the wafer by forming distributed p-type 

layers on a topmost second mirror layer, forming an intrinsic 

layer on the distributed p-type layers, forming an n-type 

layer on the intrinsic layers, forming a photodiode cathode 

20 contact on each of then-type layers, and forming distributed 

photodiode anode contacts on the topmost second mirror layer. 

In another aspect, the present invention provides a 

method of manufacturing an integrated VCSEL and photodetector 

pair by forming layers of VCSEL on a semiconductor substrate, 

25 forming layers of a photodiode on a top-most layer of a first 

portion of the VCSEL layers, isolating a second portion of the 

. VCSEL layers from the photodiode layers by implanting an 

isolation region between the first and second portions of the 

VCSEL layers, forming a VCSEL cathode contact connected to the 

30 semiconductor substrate, forming a VCSEL anode contact 

connected to the top-most VCSEL layer in the second portion, 

forming a photodiode cathode contact on a topmost layer of the 

photodiode layers, and forming a photodiode anode contact on 

the top-most VCSEL layer of the first portion of the VCSEL 

35 layers. 

The present invention provides a method of manufacturing 

an integrated VCSEL and photodetector pairs by forming VCSEL 

layers directly on a semiconductor wafer substrate, then 
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1 forming photodiodes distributed across the VCSEL layers at 

discrete locations, forming active and inactive regions of the 

VCSEL by forming isolation regions in the VCSEL layers, and 

isolating the VCSEL from the photodiodes by forming proton 

5 implant isolation regions around the photodiodes. 

The present invention further provides a method of 

manufacturing an integrated VCSEL and photodetector pairs by 

forming VCSEL layers directly on a semiconductor wafer 

substrate; then forming photodiodes on the VCSEL at discrete 

10 locations, forming a photodiode n-type contact (cathode) on 

the upper most photodiode layer; and forming a photodiode p­

type contact (anode) on the upper most VCSEL layer, forming a 

VCSEL p-type contact (anode) on the topmost VCSEL layer; 

forming a VCSEL n-type contact (cathode) coupled to the 

15 semiconductor substrate; forming active and inactive regions 

of the VCSEL by creating isolation regions in the VCSEL 

layers; then isolating the VCSEL layers from the photodiodes 

by forming proton implant isolation regions around the 

photodiodes. 

20 In another aspect, the present invention provides a 

method of manufacturing monolithic VCSEL and photodetector 

pairs by forming VCSEL layers directly on a semiconductor 

wafer substrate, then forming an etch stop layer on the VCSEL 

layers, then forming photodiodes distributed across the wafer 

25 directly on the etch stop layer at discrete locations. 

In still another aspect, the present invention provides 

a method of manufacturing monolithic VCSEL and photodetector 

pairs by forming VCSEL layers directly on a semiconductor 

wafer substrate by; forming first mirror on the substrate, 

30 forming a cladding layer on the first mirror, forming an 

active region on the first cladding layer, forming a second 

cladding layer on the active region, forming a second mirror 

on the second cladding layer, forming an etch stop layer on 

the second mirror, forming photodiodes distributed across the 

35 wafer at discrete locations by forming distributed p-type 

layers on a top most second mirror layer, forming an intrinsic 

layer on the distributed p-type layers, forming an n-type 

layer on the intrinsic layers, forming a photodiode n-type 
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1 contact on each of then-type layers, and forming distributed 

photodiode p-type contacts on the topmost second mirror. 

In still another aspect, the present invention provides 

a method of manufacturing monolithic VCSEL and photodetector 

5 pairs by: forming VCSEL layers directly on a semiconductor 

wafer substrate; then forming an etch stop layer directly on 

the VCSEL; then forming photodiode layers distributed across 

said etch stop layer at discrete locations then forming a 

photodiode n-type contact (cathode) on said upper most 

10 photodiode layer; and forming a photodiode p-type contact 

(anode) on said upper most VCSEL layer; then forming a VCSEL 

p-type contact (anode) on said topmost VCSEL layer; forming a 

VCSEL n-type contact (cathode) coupled to said semiconductor 

substrate; defining active and inactive regions of the VCSEL 

15 by forming isolation regions in the VCSEL layers; then 

isolating said VCSEL layers from said photodiodes layers by 

forming proton implant 

photodetector. 

isolation regions around said 

In still another aspect, the present invention provides 

20 a method of manufacturing monolithic VCSEL and photodetector 

pairs by: forming VCSEL layers directly on a semiconductor 

wafer substrate; then forming photodiode layers distributed 

across the VCSEL layers at discrete locations; forming a 

photodiode n-type contact (cathode) on said upper most 

25 photodiode layer; and forming a photodiode p-type contact 

(anode) on said upper most VCSEL layer; forming a VCSEL p-type 

contact (anode) on said topmost VCSEL layer; forming a VCSEL 
I 

n-type contact (cathode) coupled to said semiconductor 

substrate; defining active and inactive regions of the VCSEL 

30 by forming isolation regions in the VCSEL layers; then 

isolating said VCSEL layers from said photodiodes layers by 

forming proton implant isolation 

photodiodes, forming interconnect 

photodiode anode and cathode and 

regions around 

metal pads on 

said 

said 

VCSEL anode; forming a 

35 dielectric matching layer on said VCSEL layers; forming vias 

in the dielectric matching layer for the interconnect metal 

pads; forming 

photodetector. 

an anti-reflective 
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In still another aspect, the present invention provides 

a method of manufacturing a monolithic VCSEL and integrated 

photodetector preampl~fier by: forming VCSEL layers directly 

on a semiconductor wafer substrate; then forming an etch stop 

5 layer on the uppermost VCSEL layer; forming photodiodes 

distributed across said wafer directly on said VCSEL layers at 

discrete locations; then forming one or more transistors 

coupled to the photodiode. 

In still another aspect, the present invention provides 

10 a method of manufacturing an integrated photodetector 

preamplifier by forming photodiodes directly on a 

semiconductor wafer substrate, and then forming one or more 

transistors coupled to the photodiodes. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objectives and the features of the 

preferred embodiments of the present invention will be better 

understood by those skilled in the art with reference to the 

following detailed description in conjunction with the 

20 accompanying drawings, wherein: 

25 

FIG. 1 (a) (prior art) illustrates a fiber assembly of a 

typical implementation of a high-speed data transmission link 

using a single optoelectronic device for each half of a duplex 

channel; 

FIG. 1 (b) (prior art) illustrates an optical assembly of 

a typical implementation of a high-speed data transmission 

link using a single optoelectronic device for each half of a 

duplex channel; 

FIG. l(c) {prior art) illustrates a schematic view of the 

30 fiber assembly of Fig. l(a) and the optical assembly of Fig 

1 (b); 

FIG. l(d) (prior art) illustrates the high-speed duplex 

data communications module using known precision manufactured 

parts to implement the transmit and receive links of a high-

35 speed duplex data communications channel of Fig. 2; 

FIG. 2 (prior art) illustrates a high-speed duplex data 

communications module using known precision manufactured parts 
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1 to implement the transmit and receive links of a high-speed 

duplex data communications channel; 

FIG. 3 illustrates a cross-section of an integrated VCSEL 

and an MSM photodetector in accordance with the present 

5 invention; 

FIG. 4 illustrates a monolithic plan view of a preferred 

embodiment of the invention; 

FIG. 5a illustrates a cross-section of a VCSEL and a p-i­

n photodiode in accordance with the present invention; 

10 FIG. 5(b) illustrates the orientation of the VCSEL laser 

diode and p-i-n photodiode as illustrated by the cross-section 

in FIG. 5 (a); 

FIG. 6 (a) (prior art) illustrates a commercially 

available dual fiber version of a round fiber ferrule; 

15 FIG. 6 (b) (prior art) illustrates a commercially 

available rectangular multifiber ferrule; 

FIG. 7(a) illustrates how the present invention can be 

packaged using conventional lead-frame technology to 

facilitate interface to a rectangular multifiber ferrule. 

20 FIG. 7 (b) illustrates how optical lenses can be 

integrated with the present invention; 

FIG. 7(c) illustrates how the present invention can be 

implemented using butt coupling technology; 

FIG. 8 illustrates how a transmit and receive pair made 

25 in accordance with the present invention can be packaged to 

interface with a round multifiber ferrule such as the one 

illustrated in Fig. 6(a); 

FIG. 9 is a cross-sectional view of a conventional VCSEL 

structure deposited upon a semiconductor substrate having a 

30 p-i-n photodiode formed on the VCSEL in accordance with an 

exemplary embodiment of the present invention; 

FIG. l0(a) is a cross-section of a conventional VCSEL 

structure deposited upon a semiconductor substrate with a p-i­

n photodiode formed on the VCSEL having an integrated n-ohmic 

35 ring formed on the photodiode in accordance with an exemplary 

embodiment of the present invention; 

FIG. l0(b) is a top view demonstrating the integration of 

a p-i-n photodiode mesa on a VCSEL with an n-ohmic ring 
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1 formed on the photodiode in accordance with an exemplary 

embodiment of the present invention; 

FIG. ll(a) is a cross-section of a VCSEL with an 

integrated p-i-n photodiode mesa, with an n-ohmic ring formed 

5 on the photodiode in accordance with an exemplary embodiment 

of the present invention; 

FIG. ll(b) is a top view demonstrating the integration of 

the p-i-n photodiode mesa on a VCSEL, with an n-ohmic ring 

formed on the photodiode mesa in accordance with an exemplary 

10 embodiment of the present invention; 

FIG. 12(a) is a cross-section of a VCSEL and associated 

p-ohmics, integrated with a p-i-n photodiode mesa, having a 

n-ohmic ring formed on the mesa and a p-ohmic ring formed on 

the photodiode mesa, in accordance with an exemplary 

15 embodiment of the present invention; 

20 

FIG. 12(b) is a top view demonstrating the integration of 

the p-i-n photodiode mesa on a VCSEL, with n-ohmic and p-

ohmic rings in accordance with an exemplary embodiment of the 

present invention; 

FIG. 13(a) is a cross-section demonstrating the 

integration of proton implant isolation regions in accordance 

with an exemplary embodiment of the present invention; 

FIG. 13(b) is a top view demonstrating the integration of 

the p-i-n photodiode mesa on a VCSEL, with proton implant 

25 isolation regions in accordance with an exemplary embodiment 

of the present invention; 

FIG. 14(a) is a cross-sectional view demonstrating the 

integration of Ohm vias into the dielectric layer for the 

photodiode and VCSEL in accordance with an exemplary 

30 embodiment of the present invention; 

35 

FIG. 14(b) is a top view demonstrating the integration 

Ohm vias into the dielectric layer for the photodiode and 

VCSEL in accordance with an exemplary embodiment of the 

present invention; 

FIG. 15(a) is a cross-section 

integration of interconnect metal pads 

photodiode ohmic contacts in accordance 

embodiment of the present invention; 
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FIG. 15(b) is a top view demonstrating the integration 

of interconnect metal pads for the VCSEL and photodiode ohmic 

contacts in accordance with an exemplary embodiment of the 

present invention; 

FIG. 16 (a) 

integration of a 

is a 

VCSEL 

cross-section demonstrating 

dielectric matching layer 

the 

with 

photodiode via in accordance with an exemplary embodiment of 

the present invention; 

FIG. 16(b) is a top view demonstrating the integration 

10 of a VCSEL dielectric matching layer with photodiode via in 

accordance with an exemplary embodiment of the present 

invention; 

FIG. 17 (a) is a cross-section demonstrating the 

integration of a one quarter wavelength anti-reflective 

15 coating on the photodiode in accordance with an exemplary 

embodiment of the present invention; 

FIG. 17(b) is a top view demonstrating the integration of 

a one quarter wavelength anti-reflective coating on the 

photodiode in accordance with an exemplary embodiment of the 

20 present invention; 

FIG. 18 (a) is a cross-section demonstrating the mask 

layout to produce the present invention in accordance with an 

exemplary embodiment of the present invention; 

FIG. 18(b) is a top view demonstrating the mask layout to 

25 produce the present invention in accordance with an exemplary 

embodiment of the present invention; 

FIG. 19 is a perspective view demonstrating the 

integration of an FET with a p-i-n photodetector to form an 

integrated photodetector and preamplifier in accordance with 

30 an exemplary embodiment of the present invention; and 

35 

FIG. 20 is a top view of a transmit/ receive/ amplifier 

circuit integrated onto one wafer which utilizes low cost wire 

bond/ lead frame technology in accordance with an exemplary 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention generally pertains to a monolithic 

semiconductor device having a VCSEL integrated with a 
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1 photodetector on the same substrate, the VCSEL and 

photodetector to be operated independently as a transmit and 

receive device respectively. The VCSEL and photodetector are 

physically situated in close enough proximity to permit 

5 packaging of one or more pairs of the VCSEL and photodetector 

such that they may be coupled to multifiber ferrules) having 

fiber spacings on the order of 250 microns or less. The 

present invention also includes a method of manufacturing the 

independently operated VCSEL and photodetector, as well as the 

10 packaging and coupling of one or more pairs of the integrated 

VCSEL and photodetector and their coupling to multifiber 

ferrules. 

A first preferred embodiment of the invention is now 

discussed in detail in conjunction with FIGS. 3 and 4. As 

15 shown in FIG. 3, a VCSEL and a metal-semiconductor-metal (MSM) 

photodetector are integrated on the same semi-insulating GaAs 

substrate. The conductance of the semi-insulating substrate 

is typically between about 10-12 and 10-5 ohm-cm. The VCSEL is 

built on top of the substrate beginning with an n- layer 68, 

20 upon which an n+ layer 70 is grown which forms the cathode of 

the VCSEL. 

A first mirror 78 is formed on layer 70, which is 

preferably an epitaxially formed distributed Bragg reflector 

(DBR) which comprises a plurality of alternating semiconductor 

25 layers having high and low indices of refraction, with each 

layer having a thickness of A/4n, where A is the wavelength of 

the optical radiation emitted from the laser and n is the 

index of refraction of the layer. The semiconductor layers 

are doped to achieve n-type conductivity. A quantum well (QW) 

30 active region 7 4 is formed between a first spacer 7 3 and a 

second spacer 75, with first spacer 73 formed on the top layer 

of the first mirror. Active region 7 4 has at least one QW 

layer. 

A second mirror 76 is formed on second spacer 75 and is 

35 preferably an epitaxially grown DBR which is comprised of a 

plurality of alternating semiconductor layers having high and 

low indices of refraction, with each layer having a thickness 

of A/4n, where A is the wavelength of the optical radiation 
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1 emitted from the laser and n is the index of refraction of the 

layer. The second mirror 7 6 is doped to achieve a p-type 

conductivity. An isolation implant 80 is formed around the 

second mirror 7 6, and preferably extends to a depth just 

5 inside spacer 7 5. A mesa region is then etched around the 

outside of the VCSEL 89 to a depth which exposes the cathode 

layer 70. A cathode contact 72 is then formed on the exposed 

surface of cathode layer 70, and an anode contact 82 is formed 

which overlaps the surface of isolation implant region 80 and 

10 the topmost layer of second mirror 7 6, and which further 

defines an aperture 88 which comprises a portion of the 

surface of the top-most layer of second mirror 76. Radiation 

84 is emitted through aperture 88. 

The MSM photodetector 62 is formed on the surface of the 

15 semi-insulating substrate 60 as two non-electrically coupled 

metal pat terns 62 and 64, each having fingers which are 

interdigi tated with one another. When one or both of the 

patterns is biased to some voltage, carriers generated by 

received light are swept to the anodes of the two diodes by 

20 the applied electric field. Because the MSM operates without 

conducting any current through the substrate 60, there is 

virtually no electrical crosstalk or leakage between the VCSEL 

89 and the MSM photodetector 62. Thus, the VCSEL 89 can emit 

radiation 84 from aperture 88 based on digital data to be 

25 transmitted while MSM photodetector 62 can receive radiation 

86 in which is encoded digital data received from a remote 

data source. To achieve even better isolation, an isolation 

region 80 can be formed preferably by proton implant between 

VCSEL 89 and MSM photodetector 62. 

30 FIG. 4 illustrates a plan view of the device which is 

shown as a cross-section in FIG. 3. For clarity, 

corresponding structures will be indicated by identical index 

numbers. The cathode layer 70 and its metal cathode contact 

72 of the VCSEL are extended to the boundary of substrate 60 

35 which is furthest away from MSM photodetector 86. Bond wire 

71 can then be used to connect cathode contact 72 to a bond 

pad of, for example, a lead frame. The VCSEL anode contact 82 

is brought to the same substrate boundary by bond wire 77, 
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1 metal extender 79 and bond wire 69. Metal patterns 66 and 64, 

which form the anode and anode terminals of MSM photodetector 

62, are also bonded to the leads of whatever form of packaging 

is used. One of the metal patterns is typically coupled to a 

5 bias voltage while the other is coupled to ground or a 

different bias voltage. An anti-reflection coating can be 

employed on the MSM to increase optical efficiency. 

A second preferred embodiment is disclosed in FIG. 5a. 

For convenience and clarity, like structures will be denoted 

10 by the same index numbers as in previous figures. This 

particular embodiment is preferred because it can be 

implemented using more standard VCSEL manufacturing processes. 

A first mirror 78 is formed on a standard semiconductor GaAs 

substrate 79. The first mirror is preferably a semiconductor 

15 DBR comprising twenty to thirty periods of AlAs/AlGaAs layers. 

Each of the layers has a thickness of A/(4n) and is doped to 

haven-type conductivity. A first spacer or cladding layer 73 

is then formed on first mirror 78, which is either undoped or 

very lightly doped. An active region 74 is then formed on the 

20 first spacer 73 which comprises at least one GaAs QW layer. 

A second mirror 76 is then formed on top of a second undoped 

or very lightly doped spacer or cladding layer 75. The second 

mirror 76 again preferably consists of alternating layers of 

AlAs/AlGaAs layers, each being A/(4n) thick. Second mirror 76 

25 is doped to have p-type conductivity. On top of second mirror 

76 is formed a thin etch-stop layer 93, which has a 

significantly higher ratio of Al to Ga, about 9 to 1 or 

greater. On top of the etch-stop layer 93, an extended p-type 

layer 100 of AlGaAs is formed. On top of p-type layer 100 is 

30 formed an intrinsic layer (i) 102 of undoped GaAs. Finally, an 

n-type layer 104 is formed on top of intrinsic layer 102. 

The structure is then etched in those areas where a VCSEL 

is to be formed, and not etched where a p-i-n photodiode is to 

be formed. The etch strips away the n-type layer 104 and 

35 intrinsic layer 102 and continues into p-type layer 100 until 

the etch-stop layer 93 is detected. The etching process is 

terminated so that the etch-stop layer is etched away and an 

appropriately thick top layer of second mirror 76 is exposed. 
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1 Those of skill in the art will recognize that there are other 

well-known techniques by which the endpoint of an etching 

process may be detected to end the etching process at the 

appropriate time and which are intended to be within the scope 

5 of the present invention. 

A proton isolation implant is performed to create 

isolation region 80 between VCSEL 92 and p-i-n photodiode 90. 

The implant region 80 typically achieves a depth which extends 

just inside spacer layer 75 and has a width preferably between 

10 about 50 and 100 microns. A circular metal contact 82 is then 

formed on the top of mirror 76 and which overlaps slightly 

implant region 80. Contact 82 provides access to the anode of 

VCSEL 92. A contact 81 is then formed on the back side of 

substrate 79 and serves as the cathode terminal of VCSEL 92. 

15 Contacts 94 are preferably formed on both sides of p-i-n 

photodiode 90 which provide electrical access to the anode of 

p-i-n photodiode 90 as well as to the anode of the VCSEL 91 

which underlies p-i-n photodiode 90. Finally, contact 96 is 

formed on n-type layer 104 to form the cathode of p-i-n in 

20 photodiode 90. An anti-reflection coating preferably having 

a thickness of about one quarter wavelength is applied to 

photo-receiving surface 101. 

A simplified schematic of the structure of FIG. Sa is 

shown in FIG. Sb. VCSEL 92 is operated with forward bias 

25 between anode terminal 82 and cathode terminal 98 to produce 

radiation 84 having a wavelength of J\. In an exemplary 

embodiment p-i-n photodiode 90 is operated with reverse bias 

between cathode contact 96 and anode contacts 94. Moreover, 

anode contacts 94 are shorted to substrate contact 98 to 

30 ensure that VCSEL 91 will not become forward biased and emit 

light. Thus, VCSEL 92 can be operated to emit light encoded 

with data to be transmitted to a remote receiver employing a 

similar structure, and p-i-n photodiode 90 can operate to 

receive radiation 86 which is encoded with data received from 

35 the same remote terminal. 

Those of skill in the art will recognize that one of the 

many advantages of the second preferred embodiment of FIG. Sa 

is that a typical process used to create arrays of VCSELs, 
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1 including the isolation implant commonly used to separate the 

individual VCSELs of the array, can be used to create arrays 

of VCSEL/p-i-n photodiode pairs. The additional steps 

required to build the p-i-n photodiode on top of the VCSEL 

5 process are negligible in cost. Moreover, the difference in 

the thickness of the two devices is also negligible for 

purposes of facilitating near-field coupling of the devices to 

fibers to eliminate the need for optics. Additionally, due to 

the underlying second mirror of inoperable VCSEL 91, any light 

10 not absorbed by the intrinsic layer 102 of p-i-n photodiode 90 

will be reflected back into intrinsic layer 102, thus having 

a second chance to be absorbed. Finally, the thicker the 

intrinsic layer, the lower the capacitance of the p-i-n diode 

(the faster its operation) and the better its optical 

15 efficiency. 

FIG. 6(a) illustrates how the commonly used single fiber 

round ferrule can be implemented using two or more fibers. 

Such fibers are now currently available from Siecor as 

prototypes. The cylindrical ferrule 110 has the same 

20 dimensions (i.e., 2.5 mm) as those ferrules commonly used with 

only one fiber. Thus, one fiber 112 can be used for 

transmitting data as coupled to a VCSEL while fiber 114 can be 

used to receive data from a remote transmitter as coupled to 

a photodetector. 

25 FIG. 6 (b) illustrates a commonly available rectangular 

ferrule which can have eight or more fibers 122, and which has 

guides 120 for receiving alignment pins. Rectangular ferrule 

116 typically has a polished face 118 for coupling to an array 

of transmitting VCSELs. This rectangular ferrule 116 can be 

30 easily adapted to devices made in accordance with the present 

invention, such that each pair of fibers 122 can be aligned 

with a pair of integrated VCSEL/photodetecto~s. 

FIG. 7 (a) illustrates how a single VCSEL/photodetector 

pair could be packaged using standard lead-frame technology to 

35 be interfaced to a rectangular multifiber ferrule such as the 

one illustrated in Fig. 6 (b) . Integrated transmit/receive 

chip 130 can be epoxied to lead frame 128 and then bonded to 

bond pads 141 via bond wires 14 3. If optics are required, 
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1 lenses 138 and 136 can be formed over VCSEL 8 9, 92 and 

photodetector 62,90 respectively, either using materials which 

are formed over chip 130 during the manufacturing of chip 130 

or such optics can be integrated within the surface of the 

5 plastic encapsulation formed by the package. Lead frame 128 

can also have guide pins 140 to be used in conjunction with a 

rectangular ferrule such as the one shown in FIG. 6(b). FIG. 

7(b) shows a side view of FIG. 7a to illustrate the use of 

optics over photodetector 62, 90 and VCSEL 89, 92. 

10 FIG. 7 (c) illustrates how lead frame 128 can be butt 

coupled to a rectangular ferrule 150 containing two fibers 124 

and 126. If distance 160 is fairly precisely known, and 

distance 147 between fibers 124 and 126 is fairly precise, a 

fairly accurate alignment can be achieved between fibers 124 

15 and 126 and VCSEL 89, 92 and photodetector 62, 90 because the 

distance between VCSEL 8 9, 92 and photodetector 62, 90 are 

fairly precise based on the photo-optical alignment process 

used in manufacturing the integrated semiconductor 130. Thus, 

a fairly accurate positioning of the chip 130 with respect to 

20 the lead frame 128 during packaging will provide a reasonably 

accurate passive alignment. Of course, fine alignment can be 

achieved using well-known active alignment techniques. A 

further advantage of the coupling technique shown in FIG. 8 is 

that no optics must be interposed between package 14 6 and 

25 ferrule 150 if the coupling distance 152 is close enough. Of 

course, a flat transmissive surface 148 can be easily achieved 

on package 146. 

Fig. 8 illustrates a lead-frame package which can be used 

to interface with a round multifiber ferrule such as the two-

30 fiber ferrule of Fig. 6 (a). Barrel 127 is designed to 

precisely mate with the round ferrule of Fig. 6(b) 

An alternate embodiment of the present invention relates 

to a monolithic semiconductor device having a VCSEL integrated 

with a photodetector and preamplifier on the same substrate, 

35 the VCSEL and photodetector to be operated independently as a 

transmit and receive device respectively. The present 

invention also includes a method of manufacturing the 
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1 independently operated VCSEL and photodetector with an 

integrated FET preamplifier. 

This alternate embodiment of the present invention is 

implemented using standard VCSEL manufacturing techniques. 

5 The conventional VCSEL portion 200 of this alternative 

embodiment of the present invention as shown in FIG. 9 

includes a substrate 201, a first or lower mirror 202, an 

optical cavity 203, and a second or upper mirror 204. The 

substrate 201 is made of gallium arsenide (GaAs) or any other 

10 suitable material. The first and second mirrors 202, 204 are 

comprised of multilayered distributed Bragg reflectors, (DBRs) 

as is conventional in the art. 

In this alternate embodiment, aluminum gallium arsenide 

(AlGaAs) and aluminum arsenide (AlAs), with varying 

15 concentrations of aluminum and gallium are used to fabricate 

the upper and lower mirrors 202, 204. The optical thickness 

of each mirror layer is typically designed to be a quarter 

wavelength of the emitted light of the laser where the optical 

thickness is given by the product of the physical thickness 

20 and the index of refraction. 

The conventional optical cavity 203 includes an active 

region surrounded by first and second cladding regions. The 

first and second cladding regions are made of AlGaAs in the 

exemplary embodiment. In the active region 203, at least one 

25 quantum well made of GaAs is disposed on adjacent barrier 

layers made of Al 0 _25 Ga 0 _75As. As is generally understood in the 

art, the number of and materials forming the quantum wells and 

surrounding barrier layers can be varied depending on the 

design. 

30 In this alternate embodiment, the first or lower mirror 

35 

202 is doped ton-type conductivity while the second or upper 

mirror 204 is doped to have p-type conductivity. The p-type 

second mirror 204 is capped by a layer of GaAs 205 which is 

approximately 100 Angstroms thick. 

A thin etch stop layer 206, consisting of approximately 

100-200 Angstroms of AlAs is deposited on the p-type mirror 

cap 205. On top of the etch stop layer 206 an additional 

intrinsic i-type layer 207 is deposited, consisting of an 
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1 absorbing GaAs material. The p-doping extends through the AlAs 

etch stop layer 206 into the i-type region 207 to avoid 

heterostructural barriers and band problems. Finally an n­

type layer 208 of Al 0 _25Ga 0 . 75As is formed on top of the 

5 intrinsic layer 207 with a thin GaAs cap. 

This alternate embodiment minimizes photodetector pulse 

deformation due to minority carrier drift within the p-i-n 

photodiode 211 structure. The GaAs i-type layer 207 absorbs 

light at 850 nanometer whereas then-type layer 208 is non 

10 absorbent at this wavelength. Therefore photon absorption is 

confined to the i-type layer 207 wherein the photons are 

removed by the reverse electric fields. If photocarrier 

absorption occurs in the n-type region 208 or the p-type 

region 204 on either side of the i-type region 207, minority 

15 photons are absorbed, and minority carriers are generated. 

There is no electric field within the background doped n-type 

region 208 or p-type region 204 to remove these minority 

carriers. These minority carriers must then drift and diffuse 

through normal diffusion processes eventually being swept into 

20 the i-type region 207. These diffusion processes may deform 

the shape of the photodetector output pulse by creating a long 

time tail to the trailing edge of the pulse. 

As shown in the cross-sectional view of FIG. lO(a) 

circular n-ohmic 209 is formed to make contact with the 

25 photodiode n-type region 208 while the surface is planar. FIG. 

10 (b) is a top view of the ring contact 209 deposited on the 

n-type region 208. The structure is then masked and etched 

in those areas where the transmit VCSEL 210 is to be formed, 

FIG. ll(a), and not etched where the photodetector 211 is to 

30 be formed. There are well known techniques by which the 

endpoint of an etching process may be detected to· end the 

etching process at the appropriate time. A disadvantage of 

these etch techniques is the non uniformity of etch rates over 

the surface of the wafer. Etch rate variation is created by 

35 fluid motion, surface effects, light effects and various other 

phenomenon. This variation in etch rate results in 

imperfections in the surface finish of the VCSEL and added 

complexity in the manufacturing control process. 
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In response to the drawbacks of the prior art, this 

alternate embodiment of the present invention incorporates an 

AlAs etch stop layer 206 to facilitate selective etching of 

the upper n-type region 208 and i-type region 207. Then-type 

5 region 208 and i-type region 207 are etched using a known 

combination of citric acid with a high percentage of peroxide. 

When the etch solution reaches the etch stop layer 206 the 

peroxide interacts with the AlAs to form an oxide surface. 

The citric acid solution is not sufficiently strong to remove 

10 the aluminum oxides so that the oxide surface in effect 

inhibits or stops the etch. This selective etch technique 

removes the time critical aspect of conventional etch 

techniques and greatly simplifies the manufacturing process. 

From a timing standpoint, the device can now be over etched 

15 assuring the uniform removal of the upper n-type region 208 

and i-type region 207 over the entire surface of the VCSEL 

210. 

Next, the etch stop layer 206 is removed using an 

alternate etch solution which will not etch the GaAs cap 205 

20 on the upper p-type mirrors 204. Preferably, a solution of 

hydrochloric acid, with 10 percent water is used to remove 

the etch stop layer. As is shown in FIG. ll(a), a 

photodetector mesa 211, with a slight undercut in the AlAs 

etch stop layer 206j is closely coupled to a surrounding VCSEL 

25 210. The present invention achieves the required device 

uniformity without implementation of rigorous process controls 

required by other known techniques. FIG. ll(b) is a top view 

of the photodetector mesa 211 with integrated n-type contact 

209. 

30 Referring to FIG. 12(a) in this alternate embodiment of 

the present invention, a metal contact 212 is formed on the 

bottom of the substrate 201 and serves as the cat,hode 212 

terminal of the VCSEL 210. The contact metalization forming 

then-ohmic contact 212 on the bottom of the substrate 201 may 

35 be, for example, eutectic gold germanium deposited by electron 

beam evaporation or sputtering. Additionally, p-ohmic 

contacts 213, 214, and 215 are then formed on the top of the 

second or upper mirror 204. As shown in the top view of FIG. 
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1 12(b) a circular metal contact 213 is formed on the outside of 

the photodetector 211, while at the same time circular 

contacts 214, 215 are formed on the upper most surface 205 of 

the VCSEL 210. The top contact metalization forming p-ohmic 

5 contacts 213, 214, and 215 may be, for example, gold with 2% 

beryllium added or a layered structure of 

titanium/platinum/gold, preferably deposited by electron beam 

evaporation. 

In this alternate embodiment of the present invention a 

10 proton implant forms an isolation region 216 between the VCSEL 

210 and the photodetector 211 (FIG 13 (a)). The standard 

proton implantation process that is used for current 

constriction within the conventional VCSEL 217, 218, may be 

used to create a highly insulative ring 216 (top view FIG. 

15 13 (b) ) around the photodetector 211 thereby isolating the 

VCSEL 210 structure from the photodetector 211. In the top 

view of FIG. 13(b) it can be seen that a guard band 216 of 

highly insulative material is formed between the n-type 

contact 209 and the p-ohmic contact 213 of the photodetector 

20 211. 

This alternate embodiment has several advantages over 

prior art isolation mechanisms. For example, the operating 

time constants of a p-i-n photodetector 211 are inversely 

proportional to the capacitance of the device. The capacitance 

25 of the device is directly proportional to the surface area of 

the device. As is shown in the top view of FIG. 13(b) the 

highly insulative proton implant region 216 decreases the 

active surface area of the device, thereby reducing the 

capacitance of the device and increasing the maximum operating 

30 speed of the photodetector 211. 

The photodetector proton implant region 216 also 

increases the sensitivity of the photodetector 211 by 

eliminating leakage paths through which current could 

otherwise flow between the VCSEL 210 and the photodetector 

35 211. Typical photodetectors must receive very low optical 

power levels so that most photodetectors are low current 

devices. Therefore, a relatively small arnpli tude leakage 

current can severely degrade the sensitivity of the 
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1 photodetector 211 by introducing excess noise into the 

receiver system as well as unacceptably changing the 

performance of the p-i-n photodetector 211 over time. The 

proton implant region 216 effectively stops electrical 

5 conduction at the edge of the highly resistive proton implant 

region 216 between the p-type contact 213 and n-type contact 

209, thereby eliminating all leakage paths. 

Current constriction within the conventional VCSEL 210 

is provided by using proton implant regions 217 and 218 to 

10 creating active and inactive regions of the VCSEL. The VCSEL 

proton implant regions 217 and 218 convert the upper mirror 

DER 204 into areas of high resistivity around the active VCSEL 

210 device. The VCSEL proton implant regions 217, 218 

typically achieve depths which extend just inside the spacer 

15 layer. In this alternate embodiment of the present invention, 

the thicknesses of the photodetector 211 i-type region 207 

and n-type region 208 are chosen so that the implant depth 

that is appropriate for the VCSEL 210 is also appropriate for 

the photodetector 211. 

20 The forced commonality between the proton implant region 

217, 218 of the VCSEL 210 and the proton implant region 216 of 

the photodetector 211 allows for a more efficient 

manufacturing process. The process sequence that was 

appropriate for the VCSEL 210, with a modified mask layout is 

25 also appropriate for the photodetector 211. Therefore, all 

proton implantations 216, 217 and 218 can be performed in a 

single process step with a single mask layout. 

Referring to FIG. 13(a) the photodetector proton implant 

region 216 completely transects the n-type region 207 and 

30 penetrates into the i-type regior;i 208. However, the proton 

implant region 216 does not penetrate the p-type region 204 

providing a conduction path to the p-type contact 213, to 

maintain the required continuity between then-type contact 

209 and p-type contact 213 of the photodetector 211. In this 

35 alternate embodiment of the present invention, the n-type 

region 208 is approximately 3000 Angstroms thick, the 

absorbing i-type region 207 is approximately 2.5 microns in 

thickness and the area where the p-type region extends over 
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1 into the i-type region 207 is approximately 2000 Angstroms so 

that the entire thickness of the photodetector mesa 211 is 

approximately 3 microns. 

A dielectric protective layer 219 (FIG 14(a)) is 

5 deposited to protect the outermost surface 205 of the VCSEL 

210 and the photodetector 211. Silicon nitride is preferably 

used for the dielectric protective layer 219. Therefore, vias 

must be etched into the dielectric protective layer 219 to 

provide access to the p-type contacts 214 and 215 of the VCSEL 

10 210, as well as then-type contact 209 and p-type contact 213 

of the photodetector 211. 

A thicker inter-connect metal 220 and 221 is deposited on 

the photodetector n-type contact 209 and p-type contact 213 

respectively, as shown in the cross section of FIG. 15 (a). 

15 Also, a thicker inter-connect metal 222 and 223 is deposited 

on the p-type contacts 214 and 215 of VCSEL 210. The inter­

connect metal deposits 220-223, provide a low resistance, good 

electrical conductor contact for wire bonding, probing, etc. 

The metal deposits used for the n-type and p-type contacts 

20 209, 213-215, are generally very thin and relatively high 

resistance and are designed for transitioning from metal to 

semiconductors through ohmic contacts that have a non-barrier 

between the work function of the two materials. Therefore, 

the inter-connect metal is chosen to provide low contact 

25 resistance for current flow. FIG. 15(b} shows a top view of 

the interconnect metal 220 and 221 integrated with the 

photodetector 211. 

In an alternate embodiment of the present invention, a 

dielectric phase shifting layer 224, is preferably disposed on 

30 the conventional VCSEL structure 210 (FIG. 16(a}}. The 

dielectric phase shifting layers 224 increase the total 

transmission out of the VCSEL 210 as is disclosed in U.S. 

Patent Application "VERTICAL CAVITY SURFACE EMITTING 

CONSISTENT SLOPE EFFICIENCIES", Application No. 09/237,580; 

35 the contents of which are incorporated herein by reference. 

In this alternate embodiment of the present invention, 

deposition of the dielectric phase shifting layers 224 is 

halted prior to the deposition of the last quarter optical 
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1 wavelength of the material. The dielectric phase shifting 

layers 224 are then completely etched off the photodetector 

211 as shown in FIG. 16(a). Next a quarter optical wavelength 

of the dielectric material 225 is deposited over the VCSEL 210 

5 to complete it's mirror as well as on the photodetector 211 to 

create an anti-reflective coating (FIG 17 (a)). The quarter 

optical wavelength material is preferably silicon nitride as 

is known in the art. 

When the anti-reflective coating 225 of silicon nitride 

10 is applied to the photodetector 211 n-type_ region, in 

conjunction with the p-type region of the upper mirror 204, 

which underlies the photodiode 211, a high degree of 

efficiency is achieved. The anti-reflective coating 225 

increases the transmission of incoming light into the p-i-n 

15 photodiode structure 211. Additionally, any light that does 

not get absorbed in the i-type region 207 is reflected off the 

upper mirror 204 of the VCSEL 210 and is absorbed as it 

propagates back through the i-type region 207 for the second 

time. Because of this double pass mechanism the absorption 

20 characteristics of the i-type region 207 is twice what it 

otherwise would be, providing excellent quantum efficiencies, 

and very high response at gigabit speeds. 

In an alternate embodiment of the present invention, a 

variable tuning layer is deposited on the outer surface of the 

25 dielectric phase shifting layer 224. The variable tuning 

layer facilitates predictable adjustment of the optical 

efficiency of the laser during fabrication to achieve lasers 

with substantially similar slopes on a wafer to wafer basis. 

The manufacture and use of a variable tuning layer is 

30 disclosed in U.S. Provisional Patent Application "ENCAPSULATED 

LASER WITH CONTROLLED SLOPE EFFICIENCY", Application No. 

60/125,916, filed on March 24, 1999, the contents of which are 

hereby incorporated by reference. In this alternate 

embodiment the initial VCSELs are tested by any conventional 

35 technique, preferably on a representative sample, to determine 

characteristics of the initial VCSELs, such as -the slope 

efficiency distribution. 
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The thickness of the variable thickness dielectric layer 

required to tune the slope efficiency distribution to within 

the target specification is calculated. This calculated 

thickness is then used to interrupt the prior layer 

5 deposition, etch the dielectric layers off the photodetector 

and then deposit the remaining phase shifting layer thickness 

and tuning layer. If the calculated thickness of the 

dielectric tuning layers was 1/8 of a wavelength, the phase 

shifting layer deposition would be interrupted at 1/8 of a 

10 wavelength less complete, the dielectric would be etched off 

the photodetector 211 and the remaining phase shifting layer 

dielectric and tuning layer thickness would be deposited. The 

combination of the two materials would then be a quarter 

wavelength to complete the design of the anti-reflective 

15 coating 225 for the photodetector 211. 

FIG. 18(a) is a cross section of the present invention, 

including the mask layout, with approximate dimensions, for 

manufacturing this alternate embodiment of the present 

invention. Also shown are the p-i-n laser 226, a parasitic 

20 VCSEL 227 underneath the photodetector 211 and the p-i-n photo 

diode 228. The p-type contact 213 of the p-i-n photodetector 

211 may be coupled to ground so that the parasitic VCSEL 227 

structure which lies underneath the p-i-n photodetector 211 is 

never turned on and other bipolar parasitic effects are 

25 avoided. 

Referring to Fig. 19, in an alternate embodiment of the 

present invention, an epitaxial n-i-p structure, 230, 231 and 

232 respectively, along with highly insulative proton implant 

regions 233 and 234, are used to integrate a FET onto the 

30 photodetector 211 to create an integrated detector pre­

amplifier. FIG. 19 shows a perspective view of the integrated 

detector pre-amplifier 229. Metal deposits are formed on the 

outer most surface 235 of the photodetector 211 to form the 

source 236, gate 237 and drain 238 on an n-type channel of a 

35 typical transistor structure. In this alternate embodiment 

the proton implant regions 233 and 234 intersect the back of 

the source 236, gate 237 and drain 238 as well as the lower 

surface of the source 237 and drain 238. In this way the 
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1 proton implant regions 233 and 234 form an isolated conductive 

region 239 or well, within a highly insulative field formed by 

the proton implantations 233 and 234. 

The width of the conductive region is arbitrary and can 

5 be tailored to produce a predetermined transistor. To achieve 

gigabit data communication rates, the length of the gate 237, 

which is the critical transistor design parameter, can be on 

the order of one micron. The GaAs layer upon which the metal 

layers are deposited is a highly conductive material also with 

10 

15 

very good frequency response. A one micron metal deposit is 

well within reasonable process control technology known in the 

art. The gate 237, is typically a layered structure of 

titanium, platinum and gold which can be deposited by any 

suitable method known in the art, such as by sputtering or 

electron beam vaporization. The thicknesses of the metal 

deposit is typically 500A, 1000A, 3000A for the· Ti, Pt, Au 

respectively as is well known in the GaAs transistor art. 

The source 236 and the drain 238 are typically layered 

structures of Nickel with Gold on Gold Germanium, n- ohmics. 

20 The nickel acts as a barrier to prohibit the gold from 

interfusing with the gold germanium and changing the eutectics 

of the gold germanium. In the preferred embodiment of the 

present invention a ratio of 88 percent gold to 12 percent 

germanium is used to form a eutectic which has a phase melting 

25 point near 360°C to make a good ohmic contact. 

This alternate embodiment of the present invention is 

less susceptible to receiver ·noise, crosstalk, etc. than 

conventional photodetector designs. The coupled FET and 

photodetector create an integrated detector pre-amp such that 

30 the output signal of the photo detector is amplified by the 

FET and converted from a current signal to a voltage signal. 

Therefore, a relatively large voltage single is being 

modulated rather than a low level current signal. 

In conventional SMFF transceiver designs, the 

35 photodetector is susceptible to crosstalk from the high drive 

currents of the VCSEL as well as receiver noise and other 

degradations to receiver sensi ti vi ty. In this alternate 

embodiment the photo detector is integrated on the same mesa 
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1 as the amplifying transistor circuitry so that the output 

signals of the integrated detector pre-amp are no longer very 

low current signals that are sensitive to noise, crosstalk and 

the like but are more stable amplified voltage signals. 

5 The signal to noise ratio of conventional optical 

receiver is limited by the front end noise. Currently, front 

end receivers which interface with conventional high speed 

photodetectors, utilize GaAs technology because high speed, 

highly sensitive, low noise performance is required to 

10 accurately amplify the low level current output of the 

conventional photodetector. 

In this embodiment of the present invention, the low 

noise circuitry is integrated with the photodetector on the 

same wafer. In this embodiment the integrated amplifier is 

15 realized with relatively simple transistor circuits. The 

transistor circuits are readily implemented with techniques 

known in the art without resorting to the highly integrated 

processes required for GaAs integrated circuits. These 

relatively simple transistor circuits are generally bond pad 

20 limited. Coupling the photodetector to the transistors 

eliminates capacitance and bond wire inductance which 

otherwise limit system performance. The amplified output 

signal of the integrated detector preamplifier, which is no 

longer susceptible to noise and other degradations, allows the 

25 front end receiver amplifier to be implemented with CMOS 

integrated circuit technology that is comparably a much lower 

cost than the more complex GaAs integrated circuit technology 

required for conventional photodetectors. 

In an alternate embodiment of the present invention the 

30 integrated detector preamplifier is coupled with VCSEL 

transmit technology to provide a closely spaced transmit 241, 

receive 242, amplifier 243 circuit 240 on a single integrated 

circuit chip as shown in the top view of FIG. 20. 

Conventional transceiver designs require closely coupled high 

35 speed integrated circuitry for reduced delay times. The high 

speed integrated circuitry generally considerable power 

dissipation and heat to the packaged system. The integrated 

device with the wire bonds 244 coming off the VCSEL and 
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1 integrated receive amplifier can then be mounted onto lead 

frames 245, which is a low cost packaging technology. 

The transmit/receive amplifier circuit embodiment of the 

present invention has the added benefit of being relatively 

5 easy to manufacture. This alternate embodiment of the present 

invention is implemented using standard VCSEL manufacturing 

techniques and process sequences as previously described. The 

AlAs etch stop layer would be deposited on a conventional 

VCSEL. On top of the etch stop layer an additional intrinsic 

10 i-type layer is deposited, consisting of an absorbing GaAs 

material. The p-doping extends through the AlAs etch stop 

layer into the i-type region to avoid heterostructural 

barriers and band problems. Finally an n-type layer of 

Alo.2 5Ga 0 . 75As is formed on top of the intrinsic layer with a 

15 thin GaAs cap. 

Next the transistor, source 236, gate 237 and drain 238 

and n-type contacts 209 for the photodetector 211 are 

deposited preferably by electron beam evaporation. In this 

alternate embodiment the source 236 and drain 238 contacts are 

20 the same n-type contact that was used for the photodetector 

209. Next selective etching to expose the VCSEL and form the 

integrated photodetector preamplifier mesa is performed. The 

p-type contacts 213, 214 and 215 may then be deposited, 

preferably by electron beam evaporation, followed by a proton 

25 implantation for the transistor 233 & 234, photodetector guard 

ring 216 and VCSEL 217. 

As previously described, dielectric layers are next 

deposited. Dielectric material is deposited on the transistor 

to decrease degradation and increase the operating life of the 

30 device. Silicon nitride is the preferred dielectric material. 

35 

Next vias are et~hed into the dielectric layers to allow the 

interconnect metal 220, 221, 222 and 223 to be deposited. 

Finally an anti-reflective coating 225 is applied to the 

photodetector 211. 

It should be noted that a number of variations to the 

inventions described above will be apparent to those skilled 

in the art. For example, the p-i-n photodiode can be 

deposited directly on a semiconductor substrate along with the 
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guard ring to create a high performance 

In this alternate embodiment the device 

capacitance can be matched exactly with the mask design and 

the reverse bias to achieve complete depletion of the i-type 

5 region as is required for high speed performance. In 

addition, the above photodetector can be integrated with the 

FET to form a high speed integrated detector preamplifier. 

The VCSEL could include a power monitoring photodetector, 

wherein the monitoring photodetector may be below the VCSEL or 

10 on the side or in another location within the package to 

provide controlled monitoring and feedback. 

Those of skill in the art will recognize that the exact 

order in which the process steps take place, as well as the 

particular material system used, are irrelevant to the 

15 patentabili ty of the present invention. For example, one 

material system might include a GaAs substrate, GaAs quantum 

wells, DBR layers of AlAs and AlGaAs, and an intrinsic layer 

of GaAs. The p and n layers of the p-i-n would also be made of 

AlGaAs. Other known material systems may be used to produce 

20 different wavelengths of emitted radiation and the particular_ 

dimensions of the integrated devices may be changed to suit 

particular transmission modes or packaging requirements. 

Moreover, although it is desirable that the 

photolithographically defined spacings between the transmit 

25 and receive pairs are preferably small, of course larger 

spacings can be easily accommodated by the present invention. 

30 

35 
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1 CLAIMS 

1. A method of manufacturing monolithic VCSEL and 

photodetector pairs, said method comprising the steps of: 

forming VCSEL layers directly on a semiconductor wafer 

5 substrate; 

10 

15 

20 

forming photodetectors distributed across said wafer 

directly on said VCSEL layers at discrete locations; 

defining active and inactive regions of the VCSEL by 

forming isolation regions in the VCSEL layers; and 

isolating said VCSEL layers from said photodetectors 

layers by forming proton implant isolation regions around said 

photodetectors. 

2. The method of claim 1 further comprising the step of: 

prohibiting operation of said inactive VCSELs by short 

circuiting said semiconductor wafer substrate to said 

photodiode anode contact to ensure that said active VCSELs 

will not become forward biased. 

3. A method of manufacturing monolithic VCSEL and 

photodetector pairs, said method comprising the steps of: 

forming VCSEL layers directly on a first side of a 

semiconductor wafer substrate; 

forming photodiode layers distributed across said VCSEL 

25 layers at discrete locations; 

30 

forming a photodiode n-type contact (cathod~) on an 

uppermost photodiode layer; 

forming a photodiode p-type contact (anode) on an 

uppermost VCSEL layer; 

forming a VCSEL p-type contact (anode) on an uppermost 

VCSEL layer; 

forming a VCSEL n-type contact (cathode) on a second side 

of said semiconductor substrate; 

defining active and inactive regions of the VCSEL by 

35 forming isolation regions in the VCSEL layers; and 

isolating said VCSEL layers from said photodiodes layers 

by forming proton implant isolation regions around said 

photodiodes. 
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4. The method of claim 3 wherein the step of forming VCSEL 

layers directly on a semiconductor wafer substrate further 

comprises: 

forming first mirror layers on a semiconductor wafer; 

forming a first cladding layer on said first mirror 

layer; 

and 

forming an active region on said first cladding layer; 

forming a second cladding layer on said active region; 

10 forming second mirror layers on said second cladding 

layer. 

5. The method of claim 3 wherein the step of forming said 

photodiode layers directly on said VCSEL layers further 

15 comprises: 

forming distributed p-type layers on said VCSEL layers; 

forming an intrinsic layer on said distributed p-type 

layers; and 

forming an n-type layer on said intrinsic layers. 

20 

6. The method of claim 

photodiode layers directly 

locations further comprises: 

3 

on 

wherein the step of forming 

said VCSEL layers at discrete 

forming said photodiode layers distributed across said 

25 VCSEL layers; and 

30 

35 

selectively removing said photodiode layers from said 

VCSEL layers at discrete locations. 

7. The method of claim 3 further comprising the step of: 

prohibiting operation of said inactive VCSELs by short 

circuiting said semiconductor wafer substrate to said 

photodiode anode contact to ensure that said active VCSELs 

will not become forward biased. 

8. A method of manufacturing monolithic VCSEL and 

photodetector pairs, said method comprising the steps of: 

forming VCSEL layers directly on a first side of a 

semiconductor wafer substrate; 
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forming an etch stop layer directly on said VCSEL layers; 

forming photodiode layers distributed across said etch 

stop layer at discrete locations; 

forming a photodiode n-type contact ( ca th ode) on an 

uppermost photodiode layer; 

forming a photodiode p-type contact (anode) on an 

uppermost VCSEL layer; 

forming a VCSEL p-type contact (anode) on an uppermost 

VCSEL layer; 

forming a VCSEL n-type contact (cathode) on a second side 

of said semiconductor substrate; 

defining active and inactive regions of the VCSEL by 

forming isolation regions in the VCSEL layers; and 

isolating said VCSEL layers from said photodiodes layers 

15 by forming proton implant isolation regions around said 

photodetector. 

9. The method of claim 8 wherein the step of forming VCSEL 

layers directly on a semiconductor wafer substrate further 

20 comprises: 

forming first mirror layers on a semiconductor wafer; 

forming a first cladding layer on said first mirror 

layer; 

forming an active region on said first cladding layer; 

25 forming a second cladding layer on said active region; 

and 

forming second mirror layers on said second cladding 

layer. 

30 10. The method of claim 8 wherein the step of forming said 

photodiode layers directly on said etch stop layer further 

comprises: 

forming distributed p-type layers on said VCSEL layers; 

forming an intrinsic layer on said distributed p-type 

35 layers; and 

forming an n-type layer on said intrinsic layers. 
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1 11. The method of claim 8 wherein the step of forming 

photodiode layers directly on said etch stop layer at discrete 

locations further comprises: 

forming said photodiode layers distributed across said 

5 etch stop layer; 

selectively removing said photodiode layers from said 

etch stop layer at discrete locations, and 

selectively removing said etch stop layer from said 

uppermost VCSEL layer where said photodiode layers have been 

10 selectively removed. 

12. The method of claim 11 wherein the etch stop layer is 

aluminum arsenide. 

15 13. The method of claim 12 wherein the step of selectively 

removing said photodiode layers from said etch stop layer at 

discrete locations comprises selectively etching said 

photodiode layers using a solution of citric acid with a high 

percentage of peroxide. 

20 

25 

14. The method of claim 12 wherein the step of selectively 

removing said etch stop layer comprises selectively etching 

said etch stop layer using a solution of hydrochloric acid 

with water. 

15. The method of claim 6 further comprising the step of: 

prohibiting operation of said inactive VCSELs by short 

circuiting said semiconductor wafer substrate to said 

photodiode anode contact to ensure that said active VCSELs 

30 will not become forward biased. 

16. A method of manufacturing monolithic VCSEL and 

photodetector pairs, said method comprising the steps of: 

forming VCSEL layers directly on a first side of a 

35 semiconductor wafer substrate; 

forming photodiode layers distributed across said VCSEL 

layers at discrete locations; 
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forming a photodiode n-type contact (cathode) on an 

uppermost photodiode layer; 

forming a photodiode p-type contact (anode) on an 

uppermost VCSEL layer; 

5 forming a VCSEL p-type contact (anode) on an uppermost 

VCSEL layer; 

forming a VCSEL n-type contact (cathode) on a second side 

of said semiconductor substrate; 

defining active and inactive regions of the VCSEL by 

10 forming isolation regions in the VCSEL layers; 

isolating said VCSEL layers from said photodiodes layers 

by forming proton implant isolation regions around said 

photodiodes; 

forming interconnect metal pads on said photodiode anode 

15 and cathode and VCSEL anode; 

forming a dielectric phase shifting layer on said VCSEL 

layers; 

forming vias in the dielectric phase shifting layer for 

the interconnect metal pads; and 

20 forming an anti-reflective coating on said photodetector. 

17. The method of claim 16 further comprising the step of: 

prohibiting operation of said inactive VCSELs by short 

circuiting said semiconductor wafer substrate to said 

25 photodiode anode contact to ensure that said active VCSELs 

will not become forward biased. 

18. A method of manufacturing a monolithic VCSEL 'and 

integrated photodetector preamplifier, said method comprising 

30 the steps of: 

forming VCSEL layers directly on a semiconductor wafer 

substrate; 

forming photodiodes distributed across said wafer 

directly on said VCSEL layers at discrete locations; and 

35 forming one or more transistors coupled to the 

photodiodes. 
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1 19. The method of claim 18 wherein the step of forming VCSEL 

layers directly on a semiconductor wafer substrate comprises: 

forming first mirror layers on a semiconductor wafer; 

forming a first cladding layer on said first mirror 

5 layer; 

forming an active region on said first cladding layer; 

forming a second cladding layer on said active region; 

and 

forming second mirror layers on said second cladding 

10 layer. 

15 

20 

20. The method of claim 18 wherein the step of forming said 

photodiode layers directly on said VCSEL layers comprises: 

forming distributed p-type layers on said VCSEL layers; 

forming an intrinsic layer on said distributed p-type 

layers; and 

forming an n-type layer on said intrinsic layers. 

21. The method of claim 19 

photodiode layers directly on 

locations comprises: 

wherein the step of forming 

said VCSEL layers at discrete 

forming said photodiode layers distributed across said 

VCSEL layers; and 

selectively removing said photodiode layers from said 

25 VCSEL layers at discrete locations. 

22. The method of claim 20 wherein the transistor is a FET. 

23. The method of claim 22 wherein the step of forming a FET 

30 comprises: 

35 

forming insulating regions on the surface of said 

photodiode materials wherein said insulating regions form a 

conductive well for the FET and isolate said photodiodes from 

said VCSEL; 

forming ohmic electrical contacts for a source and drain 

which overlap said insulating regions and conductive well; and 
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1 forming a contact for the gate within the conductive well 

formed by the isolation regions on the uppermost photodetector 

layer. 

5 24. A method of manufacturing a monolithic VCSEL and 

integrated photodetector and preamplifier, said method 

comprising the steps of: 

forming VCSEL layers directly on a semiconductor wafer 

substrate; 

10 forming an etch stop layer on an uppermost VCSEL layer; 

forming photodiodes distributed across said wafer directly 

on said etch stop at discrete locations; and 

forming one or more transistors coupled to the photodiode. 

15 25. The method of claim 24 wherein the step of forming VCSEL 

layers directly on a semiconductor wafer substrate further 

comprises: 

20 

forming first mirror layers on a semiconductor wafer; 

forming a first cladding layer on said first mirror layer; 

forming an active region on said first cladding layer; 

forming a second cladding layer on said active region; and 

forming second mirror layers on said second cladding 

layer. 

25 26. The method of claim 25 wherein the step of forming said 

photodiode layers directly on said etch stop layer further 

comprises: 

forming distributed p-type layers on said VCSEL layers; 

forming an intrinsic layer on said distributed p-type 

30 layers; and 

forming an n-type layer on said intrinsic layers. 

27. The method of claim 2 6 wherein the step of forming 

photodiode layers directly.on said etch stop layer at discrete 

35 locations comprises: 

forming said photodiode layers distributed across said 

etch stop layer; 
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selectively removing said photodiode layers from said etch 

stop layer at discrete locations, and 

selectively removing said etch stop layer from said VCSEL 

layer where said photodiode layers have been selectively 

5 removed. 

28. The method of claim 27 wherein the etch stop layer is 

aluminum arsenide, with high content of aluminum. 

10 29. The method of claim 28 wherein the step of selectively 

removing said photodiode layers from said etch stop layer at 

discrete locations comprises selectively etching said 

photodiode layers using a solution of citric acid with a high 

percentage of peroxide. 

15 

20 

30. The method of claim 28 wherein the step of selectively 

removing said etch stop layer comprises selectively etching 

said etch stop layer using a solution of hydrochloric acid with 

water. 

31. The method of claim 26 wherein the transistor is a FET. 

32. The method of claim 28 wherein the step of forming a FET 

comprises: 

25 forming insulating regions around said photodiodes wherein 

said insulating regions form a conductive well for the FET and 

isolate said photodiodes from said VCSEL; 

forming first a electrical contact for a source and a 

second electrical contact for a drain on said insulating 

30 regions; and 

forming a third electrical contact for a gate within the 

conductive well formed by the insulating regions. 

33. A method of manufacturing a semiconductor photodetector, 

35 said method comprising the steps of: 

forming distributed photodiodes on a semiconductor 

substrate by forming p-type layers directly on a semiconductor 

substrate; 
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1 forming an intrinsic layer on said p-type layers; 

forming an n-type layer on said intrinsic layers; and 

forming a proton implant isolation region between the p­

type contact and the n-type contact (cathode) of the 

5 photodiodes. 

34. A method of manufacturing an integrated photodetector 

preamplifier, said method comprising the steps of: 

forming photodiodes directly on a semiconductor wafer 

10 substrate; and 

forming one or more transistors on said photodiodes. 

35. The method of claim 34 wherein the step of forming said 

photodiode layers directly on said semiconductor substrate 

15 further comprises: 

forming distributed p-type layers on said VCSEL layers; 

forming an intrinsic layer on said distributed p-type 

layers; and 

forming an n-type layer on said intrinsic layers. 

20 

36. The method of claim 35 wherein the transistor is an. FET. 

37. The method of claim 36 wherein the step of forming a FET 

further comprises: 

25 forming insulation regions around said photodiodes wherein 

said insulation regions form a conductive well for the FET; 

forming a first electrical contact for a source and a 

second electrical contact for a drain, wherein said first and 

second electrical contacts overlap said insulation regions and 

30 conductive well on an uppermost photodiode layer; and 

forming a third electrical contact for a gate within the 

conductive well formed by the insulation regions on said 

uppermost photodiode layer. 

35 38. A monolithic optical transmitter and receiver pair 

comprising: 

a substrate; 

an optical transmitter formed on said substrate; 
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an optical receiver formed laterally adj a cent to said 

optical transmitter; and 

an isolation region that electrically isolates said 

optical transmitter from said optical receiver. 

39. The monolithic optical transmitter and receiver pair of 

claim 38 wherein the optical receiver comprises a photodiode. 

40. The monolithic optical transmitter and receiver pair of 

10 claim 38 wherein the optical transmitter comprises a VCSEL with 

a plurality of layers. 

15 

20 

41. The optical transmitter of claim 40 wherein the plurality 

of VCSEL layers further comprises: 

a first mirror layers on a semiconductor wafer; 

a first cladding layer on said first mirror layer; 

an active region on said first cladding layer; 

a second cladding layer on said active region; and 

a second mirror layers on said second cladding layer. 

42. The optical receiver of claim 39 wherein the photodiode 

further comprises: 

distributed p-type layers formed on said VCSEL layers; 

an intrinsic layer formed on said distributed p-type 

25 layers; and 

an n-type layer formed on said intrinsic layers. 

43. A monolithic optical transmitter and receiver pair 

comprising: 

30 a substrate; 

a multi-layer VCSEL structure formed on said substrate; 

a photodiode formed on said VCSEL structure at discrete 

locations; 

a first proton implant isolation region within said VCSEL 

35 structure defining active and inactive regions of the VCSEL 

structure; and 

a second proton implant isolation region formed around 

said photodiode. 
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44. The monolithic optical transmitter and receiver pair of 

claim 43 wherein the VCSEL structure further comprises: 

first mirror layers on a semiconductor wafer; 

a first cladding layer on said first mirror layer; 

an active region on said first cladding layer; 

a second cladding layer on said active region; and 

a second mirror layers on said second cladding layer. 

10 45. The monolithic optical transmitter and receiver pair of 

claim 43 wherein the photodiode further comprises: 

distributed p-type layers formed on said VCSEL layers; 

an intrinsic layer formed on said distributed p-type 

layers; and 

15 an n-type layer formed on said intrinsic layers. 

20 

46. A monolithic optical transmitter and receiver pair 

comprising: 

a substrate; 

a multi-layer VCSEL structure formed on said substrate; 

an etch stop layer formed on the uppermost layer of said 

VCSEL; 

a photodiode formed on said etch stop layer at discrete 

locations; 

25 a first proton implant isolation region within said VCSEL 

30 

35 

structure defining active and inactive regions of the VCSEL 

structure; and 

a second proton implant isolation region formed around 

said photodiode. 

47. The monolithic optical transmitter and receiver pair of 

claim 46 wherein the VCSEL structure further comprises: 

a first mirror formed on a semiconductor wafer; 

a first cladding layer formed on said first mirror; 

an active region formed on said first cladding layer; 

a second cladding layer formed on said active region; and 

a second mirror formed on said second cladding layer. 
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1 48. The monolithic optical transmitter and receiver pair of 

claim 46 wherein the photodiode further comprises: 

distributed p-type layers formed on said VCSEL layers; 

an intrinsic layer formed on said distributed p-type 

5 layers; and 

10 

15 

20 

an n-type layer formed on said intrinsic layers. 

49. A monolithic optical transmitter and receiver pair 

comprising: 

a substrate; 

a multi-layer VCSEL structure formed on a first side of 

said substrate; 

an etch stop layer formed on the uppermost layer of said 

VCSEL; 

a photodiode formed on said etch stop layer at discrete 

locations; 

a photodiode n-type contact (cathode) formed on said 

photodiode; 

a photodiode p-type contact (anode) formed on said VCSEL; 

a VCSEL p-type contact (anode) formed on said VCSEL; 

a VCSEL n-type contact (cathode) coupled to a second side 

of said semiconductor substrate; 

a first proton implant isolation region within said VCSEL 

structure defining active and inactive regions of the VCSEL 

25 structure; 

30 

a second proton implant isolation region around said 

photodiode; 

interconnect metal pads formed on said photodiode anode 

and cathode and VCSEL anode; 

a dielectric phase shifting layer formed on said VCSEL 

and 

an anti-reflective coating formed on said photodiode. 

50. A monolithic optical transmitter and receiver pair 

35 comprising: 

a substrate; 

a multi-layer VCSEL structure formed on said substrate; 
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one or more photodiodes formed on said VCSEL structure at 

discrete locations; and 

one or more transistors coupled to the photodiodes. 

5 51. The monolithic optical transmitter and receiver pair of 

10 

15 

claim 50 wherein the VCSEL structure further comprises: 

a first mirror formed on a semiconductor wafer; 

a first cladding layer formed on said first mirror; 

an active region formed on said first cladding layer; 

a second cladding layer formed on said active region; and 

a second mirror formed on said second cladding layer. 

52. The monolithic optical transmitter and receiver pair of 

claim 50 wherein the photodiode further comprises: 

distributed p-type layers formed on said VCSEL layers; 

an intrinsic layer formed on said distributed p-type 

layers; and 

an n-type layer formed on said intrinsic layers. 

20 53. The monolithic optical transmitter and receiver pair of 

claim 52 wherein the transistor is a FET. 

25 

54. The monolithic optical transmitter and receiver pair of 

claim 53 wherein the FET further comprises: 

insulation regions formed around said photodiodes wherein 

said insulation regions form a conductive well for the FET and 

isolate said photodiodes from said VCSEL; 

a first electrical contact forming a source and a second 

electrical contact forming a drain, wherein said first and 

30 second electrical contacts overlap said insulation regions and 

said conductive well on an uppermost surface of said 

photodiode; and 

a third electrical contact forming a gate on said 

uppermost photodiode layer within the conductive well created 

35 by the isolation regions on the uppermost photodiode layer. 

55. An integrated photodetector and preamplifier comprising: 

a substrate; 

-47-
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1 photodiodes formed on said substrate; and 

one or more transistors coupled to the photodiodes. 

56. The integrated photodetector and preamplifier of claim 55 

5 wherein the photodiode further comprises: 

distributed p-type layers formed on said substrate; 

an intrinsic layer formed on said distributed p-type 

layers; and 

an n-type layer formed on said intrinsic layers. 

10 

57. The integrated photodetector and preamplifier of claim 56 

wherein the transistor is a FET. 

58. The integrated photodetector and preamplifier of claim 57 

15 wherein the FET further comprises: 

insulation regions formed around said photodiodes wherein 

said insulation regions form a conductive well for the FET; 

a first electrical contact forming a source and a second 

electrical contact forming a drain, wherein said first and 

20 second electrical contacts overlap said insulation regions and 

said conductive well on said photodiode; and 

25 

a third electrical contact forming a gate on said 

photodiode within the conductive well formed by the isolation 

regions on the uppermost photodiode layer. 

59. • The monolithic optical transmitter and receiver pair of 

claim 54 wherein the insulation regions formed around said 

photodiodes are proton implantation regions. 

30 60. The integrated photodetector and preamplifier of claim 58 

wherein the insulation regions formed around said photodiodes 

are proton implantation regions. 

35 
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See Search History document 
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A US 2018/0102442 A1 (W&WSENS, DEVICES INC.) 12 April 2018 (12.04.2018) entire 1-22 
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18 May 2017 (18.05.2017) entire document, especially: (0015]-[0019], [0023], [0024], (0055] 

□ Further documents are listed in the continuation of Box C. □ See patent family annex. 

• Special categories of cited documents: "T" later document published after the international tiling date oderiority 
"A" document defining the general state of the art which is not considered dale and not in conflict with the ap~lication but cited to un erstand 

to be of particular relevance the principle or theory underlying t e invention 

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be 
"E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step 

tiling date when the document is taken alone 

"L" document which mah throw doubts on priority claim(s) or which "Y" document of particular relevance; the claimed invention cannot 
is cited to establish t etf.ublication date of another citation or other be considered to involve an inventive step when the document is 
special reason (as speci ed) combined with one or more other such documents, such combination 

"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the an 

"P" document published prior to the international tiling date but later than "&" document member of the san1e patent fan1ily 
the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 
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International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/US 21/50717 16 September 2021 (16.09.2021) 21 September 2020 (21.09.2020) 

International Patent Classification (!PC) or both national classification and !PC 

IPC - G01S 7/4865; G01S 17/894; G01S 13/08; G01J 1/42; G028 6/42; G02F 1/16762 (2021.01) 

CPC - G01S 7/4865; G01S 17/894; G01S 13/08; G01J 1/42; G028 6/42; G02F 1/16762; H04N 5/36965; 
H01G 9/2045 
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Box No. I 

Box No. 11 

Basis of the opinion 

Priority 
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□· 

Box No. III 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

~ Box No. V Reasoned statement under Rule 43bis. l(a)(i) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

D Box No. Vil Certain defects in the international application 

D Box No. Vlll Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority ("!PEA") except that this does not apply where the applicant chooses an Authority 
other than this one to be the !PEA and the chosen !PEA has notified the International Bureau under Rule 66. lbis(b) that written 
.opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the !PEA, the applicant is invited to submit to the !PEA 
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For further options, see Fonn PCT/ISA/220. 
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Mail Stop PCT, Attn: ISA/US Kari Rodriquez 
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Facsimile No. 571-273-8300 Telephone No. 571-272-4300 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Basis of this opinion 

International application No. 

PCT/US 21/50717 

I. With regard to the language, this opinion has been established on the basis of: 

~ 
□ 

the international application in the language in which it was filed. 

a translation of the international application into _____________ which is the language of a translation 
furnished for the purposes of international search (Rules 12.3(a) and 23. l(b)). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 
this Authority under Rule 91 (Rule 43bis. l(b)). 

3. □ 

4. □ 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been 
established on the basis of a sequence listing: 

a. D forming part of the international application as filed: 

D in the form of an Annex C/ST.25 text file. 

D on paper or in the form of an image file. 

b. D furnished together with the international application under PCT Rule 13ter. l(a) for the purposes of international 
search only in the form of an Annex C/ST.25 text file. 

c. D furnished subsequent to the international filing date for the purposes of international search only: 

D in the fonu of an Annex C/ST.25 text file (Rule 13ter. l(a)). 

D on paper or in the forn1 of an image file (Rule 13ter. l(b) and Administrative Instructions, Section 713). 

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additional copies is identical to that forming part of the application as 
filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

Form PCT/ISA/237 (Box No. I) (revised January 2019) 
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International application No. 
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Box No. V Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

I. Statement 

Novelty (N) Claims 1-22 YES 

Claims NONE NO 

Inventive step (IS) Claims 1-22 YES 

Claims NONE NO 

Industrial applicability (IA) Claims 1-22 YES 

Claims NONE NO 

2. Citations and explanations: 
Claims 1-22 meet the criteria set out in PCT Article 33(2)-(3) because the prior art does not teach or fairly suggest the subject matter 
claimed. 

The prior art for claim 1-22 is exemplified by US 2018/0102442 A1 to W&WSens, Devices Inc. (hereinafer 'W&WSens'), US 2016/0240579 
A 1 to Omnivision Technologies Inc. (hereinafter 'Omnivision'), and US 2017/0141153 A 1 to Taiwan Semiconductor Manufacturing Co. Ltd. 
(hereinafter 'Taiwan'). • 

Regarding Claim 1, 
W&WSens discloses a microstructure enhanced absorption photosensitive device (para (0031]- This patent specification relates mainly to 
photosensitive devices. More particularly, some embodiments relate to photosensitive devices having microstructure enhanced absorption 
characteristics.) comprising: a CMOS ASIC wafer (120) (para (0223]- FIG. 14 is a cross section schematic of a MSPD monolithically 
integrated with CMOS/BiCMOS electronics in a single chip, according to some embodiments. The chip can include multiple MSPD (and/or 
MSAPD) with single and/or multiple CMOS/BiCMOS electronic application specific integrated circuits.) the CMOS ASIC wafer is 
configured to process signals (para (0203]- CMOS/Bi CMOS AS I Cs configured for functions such as signal processing, amplifying, 
transmission, storage, conditioning, analyzing, and/or configured as laser drivers and/or power amplifiers); 
a semiconductor material (102) in which an array is formed (para (0241]- MSPD/MSAPD arrays can be fabricated over the holes either in 
the oxide and/or in the silicon such that each MSPD/MSAPD in an array can have a distinct bandpass filter associated with the array or 
with each or two or more individual MSPD/MSAPD in the array.); 
wherein a region of undoped or low-doped Si (FIG. 24; element "I Si"; para (0263]- In the case of integration with CMOS/BiCMOS 
electronics, the I layer can be low doped and/or undoped) between said doped Si regions (see arrangement of elements of "P Si and/or 
GeSi and /or Ge", "I Si" and "N Si and/or Bragg reflecctor layers of Si/GeSi"), and a single microhole (2540) (FIG. 24, 2412; para (0255]­
Microstructure holes 2412 in general can have any shape, and in some cases are pyramidal, funnel shaped, cylindrical, polygonal, and/or 
a combination of shapes.); 
wherein a region of undoped or low-doped Ge or an alloy (FIG. 24; element "I Si and/or GeSi and /or Ge"; para (0263]- In the case of 
integration with CMOS/BiCMOS electronics, the I layer can be low doped and/or undoped) thereof between said doped regions of Ge or 
an alloy thereof (see arrangement of elements of "P Si and/or GeSi and /or Ge", "I Si and/or GeSi and /or Ge" and "N Si and/or GeSi and 
/or Ge"); 
deep trench (FIG. 89, element 8970; para [0549]- In some cases, instead of a highly doped connecting well, a deep trench with oxide 8970 
on its sidewalls and the center can have conducting silicide 8972 and/or metal as shown in FIG. 89); 
and connecting electrodes (para (0456]- In some cases a metal connecting electrode can be formed from the surface to the P+ substrate 
via a trench (not shown) and in some cases a TSV (not shown) can be formed to the bottom anode metal). 
W&WSens fails to disclose a CMOS image sensor wafer (CIS) stacked to each other, the CMOS ASIC wafer is configured to receive the 
signals that the CIS wafer produces, wherein the CIS wafer comprises: an array of both Si pixels and Ge pixels; each Si pixel comprises 
an upper and a lower region of Si doped to opposite polarities and the microhole extending into the Si pixel; each Ge pixel comprises an 
upper and a lower region of Ge or an alloy thereof doped to opposite polarities and and a single microhole extending into the Ge pixel; 
wherein the deep trench is a trench isolation between adjacent Si pixels and Ge pixels in said array and an electrically and optically 
isolating material in said deep trench insulation and in said microholes in the Si and Ge pixels; and pixel electrodes coupled to said Si and 
Ge pixels, wherein connecting electrodes coupled to at least some of the pixel electrodes, and bonding electrodes co1,1pled to at least 
some of the connected electrodes, configu_red to convey electrical signals between said pixels and said CMOS ASIC wafer. 

Omnivision discloses a microstructure enhanced absorption photosensitive device (para (0002]-This invention is related to image sensors; 
para (0020]- each of the plurality of visible light pixels includes a photosensitive element, such as for example a photodiode, to receive a 
portion of light, and pixel support circuitry to generate a signal representative of an intensity of the received portion of light.) comprising: 
a CMOS ASIC wafer (para (0034]- Digital counter 480 may be implemented using CMOS circuitry disposed on the ASIC die fabricated 
using a standard CMOS process of the stacked die system) and a CMOS image sensor wafer (CIS) (FIG. 2, image sensor 200) stacked to 
each other (para (0024]- Since stacked 3D color image sensor 200 includes a sensor die stacked with an ASIC die in a stacked chip 
scheme) such that signals that the CIS wafer produces (para [0023]- In one example, each of the plurality of visible light pixels 211 
includes a photosensitive element such as a photodiode to receive a portion of light, as well as pixel support circuitry to generate a signal 
representative of an intensity of the received portion of light.), wherein the CIS wafer comprises: 
a semiconductor material (FIG. 5, semiconductor layer 510) in which an array is formed of Si pixels (para (0020]- For instance, in one 
example, an imaging system includes an image pixel array having a plurality of visible light pixels, and a plurality of silicon photon 
avalanche diode (SPAD) pixels). (claim 1 continued) 
--see supplemental box 
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Omnivision fails to disclose the CMOS ASIC wafer is configured to receive and process signals. and wherein an array is formed of both Si 
pixels and Ge pixels; wherein each Si pixel comprises an upper and a lower region of Si doped to opposite polarities and a region of 
undoped or low-doped Si between said doped Si regions, and a single microhole extending into the Si pixel; wherein each Ge pixel 
comprises an upper and a lower region of Ge or an alloy thereof doped to opposite polarities and a region of undoped or low-doped Ge or 
an alloy thereof between said doped regions of Ge or an alloy thereof, and a single microhole extending into the Ge pixel; deep trench 
insulation between adjacent Si pixels and Ge pixels in said array and an electrically and optically isolating material in said deep trench 
insulation and in said microholes in the Si and Ge pixels; and pixel electrodes coupled to said Si and Ge pixels, connecting electrodes 
coupled to at least some of the pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured 
to convey electrical signals between said pixels and said CMOS ASIC wafer. 

Taiwan discloses a microstructure enhanced absorption photosensitive device (para (0017]- The present application is directed to a CMOS 
image sensor with elemental silicon and silicon germanium for long-wavelength pixel sensors; By arranging the photodetector in the silicon 
germanium layer, the photodetector advantageously has good sensitivity to and absorption of long-wavelength radiation, such as, for 
example, infrared radiation) comprising: a CMOS image sensor wafer (CIS) (FIG.1, 100; para (0018]- With reference to FIG. 1, a cross­
sectional view 100 of some embodiments of a CMOS image sensor with a semiconductor stack 102 of silicon and silicon germanium is 
provided.), wherein the CIS wafer comprises: 
a semiconductor material in which an array is formed of both Si pixels and Ge pixels (para (0015]- Some complementary metal-oxide­
semiconductor (CMOS) image sensors comprise a semiconductor layer of elemental silicon and an array of pixel sensors arranged in the 
semiconductor layer; para (0016]- Another solution is to use silicon germanium in place of elemental silicon for the semiconductor layer); 
wherein each Si pixel comprises an upper (FIG.2A, upper silicon layer 104; para (0023]- an upper silicon layer 104 a of the pair is arranged 
over and directly abuts the silicon germanium layer 106 a.) and a lower region of Si (FIG.2A, lower silicon layer 204; para (0023]- Further, 
in some embodiments, a lower silicon layer 204 of the pair is arranged over and directly abuts the semiconductor substrate 202) doped 
(para [0023]- The semiconductor stack 102 a is doped with p- or n-type dopants, and comprises a pair of silicon layers 104 a, 204 ); 
wherein each Ge pixel comprises a region of Ge or an alloy thereof doped (para (0023]- The semiconductor stack 102 a is doped with p- or 
n-type dopants, and comprises a pair of silicon layers 1 04 a, 204 and a silicon germanium layer 106 a arranged between the silicon layers 
104 a, 204); 
deep trench insulation (FIG. 1, deep trench isolation 112; para (0024]- The isolation region 112 is, for example, a shallow trench isolation 
(STI) region, a deep trench isolation (DTI) region, or an implant isolation region.) between adjacent Si pixels and Ge pixels (para [0055]­
The isolation region 112 is configured to isolate the pixel sensors 110, 502, 504 and is, for example, a STI or DTI region; para [0016]­
Another solution is to use silicon germanium in place of elemental silicon for the semiconductor layer.) in said array (para (0015]- Some 
complementary metal-oxide-semiconductor (CMOS) image sensors comprise a semiconductor layer of elemental silicon and an array of 
pixel sensors arranged in the semiconductor layer) and an electrically and optically isolating material in said deep trench insulation (para 
(0061]- In some embodiments, the process for forming the isolation region 112 comprises filling the trench with a dielectric material, such 
as silicon dioxide.) in the Si and Ge pixels (para (0055]- The isolation region 112 is configured to isolate the pixel sensors 110, 502, 504 
and is, for example, a STI or DTI region; para (0019]- The pixel sensor 110 comprises a photodetector 114 at least partially buried in the 
silicon germanium layer 106, and one or more pixel transistors arranged on the upper surface 108 of the silicon layer 104.); 
and pixel electrodes coupled to said Si and Ge pixels (Claim 21- wherein the transistor further comprises a gate electrode, a gate dielectric 
layer, and an additional source/drain region, wherein the gate dielectric layer spaces the gate electrode over the surface of the silicon 
layer; para (0017]- A photodetector is at least partially buried in the silicon germanium layer and a transistor is arranged on a surface of the 
elemental silicon layer with a source/drain region electrically coupled to the photodetector); 

Taiwan fails to discloses a CMOS ASIC wafer and a CMOS image sensor wafer (CIS) stacked to each other such that the CMOS ASIC 
wafer is configured to receive and process signals that the CIS wafer produces, wherein a region of Si to opposite polarities and a region 
of undoped or low-doped Si between said doped Si regions, and a single microhole extending into the Si pixel, wherein an upper and lower 
region of Ge or an alloy thereof to opposite polarities and a region of undoped or low-doped Ge or an alloy thereof between said doped 
regions of Ge or an alloy thereof, and a single microhole extending into the Ge pixel; an electrically and optically isolating material in said 
microholes; connecting electrodes coupled to at least some of the pixel electrodes, and bonding electrodes coupled to at least some of the 
connected electrodes, configured to convey electrical signals between said pixels and said CMOS ASIC wafer. 

None of the prior art discloses, the CMOS ASIC wafer is configured to receive signals; a region of Si to opposite polarities and the 
microhole extending into the Si pixel; an upper and a lower region of Ge or an alloy thereof to opposite polarities and a single microhole 
extending into the Ge pixel; an electrically and optically isolating material in said microholes; wherein connecting electrodes coupled to at 
least some of the pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured to convey 
electrical signals between said pixels and said CMOS ASIC wafer. Further, the prior art whether taken alone or combination, fails to 
disclose or suggest the particular elements as required by claim 1, therefore claim 1 meets the criteria set out in PCT Article 33(2)-(3). 

Claims 2-13 depend from claim 1, and therefore, meet the criteria set out in PCT Article 33(2)-(3) as well. 
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W&WSens discloses a method (para [0031]- This patent specification relates mainly to photosensitive devices. More particularly, some 
embodiments relate to photosensitive devices having microstructure enhanced absorption characteristics; para (0061]-According to some 
embodiments, a method of making a microstructure-enhanced photodetector (MSPD) configured to convert an optical input that at least 
some of the time has a cross-section that is essentially continuous spatially to an electrical output) comprising: 
a CMOS ASIC wafer (120) (para (0223]- FIG. 14 is a cross section schematic of a MSPD monolithically integrated with CMOS/BiCMOS 
electronics in a single chip, according to some embodiments. The chip can include multiple MSPD (and/or MSAPD) with single and/or 
multiple CMOS/BiCMOS electronic application specific integrated circuits.) such that the CMOS ASIC wafer is configured to process 
signals (para [0203]- CMOS/BiCMOS ASICs configured for functions such as signal processing. amplifying, transmission, storage, 
conditioning, analyzing, and/or configured as laser drivers and/or power amplifiers); 
forming a semiconductor material (102) by fabricating an array of pixels (2530 and/or 2532) therein (para [0241]- MSPD/MSAPD arrays 
can be fabricated over the holes either in the oxide and/or in the silicon such that each MSPD/MSAPD in an array can have a distinct 
bandpass filter associated with the array or with each or two or more individual MSPD/MSAPD in the array.) 
forming a region of undoped or low-doped semiconductor material (FIG. 24; element "I Si and/or GeSi and /or Ge"; para (0263]- In the 
case of integration with CMOS/BiCMOS electronics. the I layer can be low doped and/or undoped) between said doped regions (see 
arrangement of elements of "P Si and/or Ge Si and/or Ge", '"I Si and/or GeSi and/or Ge" and "N Si and/or GeSi and/or Ge"). and a single 
microhole (2540) (FIG. 24, 2412; para (0255]- Microstructure holes 2412 in general can have any shape, and in some cases are pyramidal. 
funnel shaped, cylindrical. polygonal, and/or a combination of shapes.); 
forming deep trench (FIG. 89, element 8970; para (0549]- In some cases, instead of a highly doped connecting well, a deep trench with 
oxide 8970 on its sidewalls and the center can have conducting silicide 8972 and/or metal as shown in FIG. 89); 
and forming connecting electrodes (para (0456)- In some cases a metal connecting electrode can be formed from the surface to the P+ 
substrate via a trench (not shown) and in some cases a TSV (not shown) can be formed to the bottom anode metal). 
W&WSens fails to disclose stacking and bonding to each other a CMOS image sensor wafer (CIS) (110), and the CMOS ASIC wafer is 
configured to receive the signals that the CIS wafer produces; forming at each pixel an upper and a lower region of semiconductor material 
doped to opposite polarities (2534, 2536), wherein the microhole (2540) extending into the pixel; wherein the deep trench is a trench 
isolation between adjacent pixels in said array and an electrically and optically isolating material in said deep trench insulation and in said 
microholes in the pixels; and forming pixel electrodes (154) coupled to said pixels. wherein connecting electrodes (152) coupled to at least 
some of the pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured to convey electrical 
signals between said pixels and said CMOS ASIC wafer. 

Omnivision discloses a method (para [0002]-This invention is related to image sensors; para (0027]- In the example, the sensor die and 
ASIC die are stacked and coupled together during fabrication in a stacked chip scheme) comprising: 
stacking and bonding (para (0024]- Since stacked 3D color image sensor 200 includes a sensor die stacked with an ASIC die in a stacked 
chip scheme; para [0038)- FIG. 5 includes a first device die 506, a second device die 508 and a bonding interface 507 at which first device 
die 506 is bonded to second device die 508.) to each other a CMOS ASIC wafer (para [0034)- Digital counter 480 may be implemented 
using CMOS circuitry disposed on the ASIC die fabricated using a standard CMOS process of the stacked die system) and a CMOS image 
sensor wafer (CIS) (FIG. 2, image sensor 200; para (0024]- Since stacked 3D color image sensor 200 includes a sensor die stacked with 
an ASIC die in a stacked chip scheme) such signals that the CIS wafer produces (para (0023]- In one example, each of the plurality of 
visible light pixels 211 includes a photosensitive element such as a photodiode to receive a portion of light, as well as pixel support circuitry 
to generate a signal representative of an intensity of the received portion of light.); 
forming the CIS wafer in a semiconductor material (FIG. 5, semi.conductor layer 510) by fabricating an array of pixels therein (para (0020)­
For instance, in one example, an imaging system includes an image pixel array having a plurality of visible light pixels, and a plurality of 
silicon photon avalanche diode (SPAD) pixels; para (0038]- The illustrated example shows a plurality of visible light pixels, 502A, 5028, 
502C and 502D, as well as a plurality of SPAD pixels 503A and 5038). 
Omnivision fails to disclose the CMOS ASIC wafer is configured to receive and process signals; forming at each pixel an upper and a 
lower region of semiconductor material doped to opposite polarities and a region of undoped or low-doped semiconductor material 
between said doped regions, and a single microhole extending into the pixel; wherein the deep trench insulation between adjacent pixels in 
said array and an electrically and optically isolating material in said deep trench insulation and in said microholes in the pixels; forming 
deep trench insulation between adjacent pixels in said array and an electrically and optically isolating material in said deep trench 
insulation and in said microholes in the pixels; and forming pixel electrodes coupled to said pixels, connecting electrodes coupled to at 
least some of the pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured to convey 
electrical signals between said pixels and said CMOS ASIC wafer. 

Taiwan discloses a method (para [0056]- With reference to FIGS. 6-12, a series of cross-sectional views of some embodiments of a 
method for manufacturing a CMOS image sensor with silicon and silicon germanium is provided.) comprising: 
a CMOS image sensor wafer (CIS) (FIG.1, 100; para (0018]- With reference to FIG. 1, a cross-sectional view 100 of some embodiments of 
a CMOS image sensor with a semiconductor stack 102 of silicon and silicon germanium is provided.); 
forming the CIS wafer in a semiconductor material by fabricating an array of pixels therein (para [0015)- Some complementary metal-oxide 
-semiconductor (CMOS) image sensors comprise a semiconductor layer of elemental silicon and an array of pixel sensors arranged in the 
semiconductor layer); 
forming at each pixel an upper (FIG.2A, upper silicon layer 104; para (0023]· an upper silicon layer 104 a of the pair is arranged over and 
directly abuts the silicon germanium layer 106 a.) and a lower region of semiconductor material (FIG.2A, lower silicon layer 204; para 
(0023]- Further, in some embodiments, a lower silicon layer 204 of the pair is arranged over and directly abuts the semiconductor substrate 
202) doped (para [0023)- The semiconductor stack 102 a is doped with p- or n-type dopants, and comprises a pair of silicon layers 104 a. 
204) to opposite polarities and a region of undoped or low-doped semiconductor material between said doped regions. and a single 
microhole extending into the pixel; (claim 14 continued) 
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(claim 14 continued) forming deep trench insulation (FIG. 1, deep trench isolation 112; para (0024)- The isolation region 112 is, for 
example, a shallow trench isolation (STI) region, a deep trench isolation (DTI) region, or an implant isolation region.) between adjacent 
pixels (para [0015]- Some complementary metal-oxide-semiconductor (CMOS) image sensors comprise a semiconductor layer of 
elemental silicon and an array of pixel sensors arranged in the semiconductor layer) in said array (para [0015]- Some complementary 
metal-oxide-semiconductor (CMOS) image sensors comprise a semiconductor layer of elemental silicon and an array of pixel sensors 
arranged in the semiconductor layer) and an electrically and optically isolating material in said deep trench insulation in the pixels (para 
[0061)- In some embodiments, the process for forming the isolation region 112 comprises filling the trench with a dielectric material, such 
as silicon dioxide.;para [0055)- The isolation region 112 is configured to isolate the pixel sensors 110, 502, 504 and is, for example, a STI 
or DTI region); and forming pixel electrodes coupled to said pixels (Claim 21- wherein the transistor further comprises a gate electrode, a 
gate dielectric layer, and an additional source/drain region, wherein the gate dielectric layer spaces the gate electrode over the surface of 
the silicon layer). 
Taiwan fails to disclose stacking and bonding to each other a CMOS ASIC wafer and a CMOS image sensor wafer (CIS) such that the 
CMOS ASIC wafer is configured to receive and process signals that the CIS wafer produces; forming a region to opposite polarities and a 
region of undoped or low-doped semiconductor material between said doped region; optically isolating material in said microholes; 
connecting electrodes coupled to at least some of the pixel electrodes, and bonding electrodes coupled to at least some of the connected 
electrodes, configured to convey electrical signals between said pixels and said CMOS ASIC wafer. 

None of the prior art discloses, the CMOS ASIC wafer is configured to receive signals; a region to opposite polarities and the microhole 
extending into the pixel; optically isolating material in said microholes in the pixels; connecting electrodes coupled to at least some of the 
pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured to convey electrical signals 
between said pixels and said CMOS ASIC wafer. Further, the prior art whether taken alone or combination, fails to disclose or suggest the 
particular steps as required by claim 14, therefore claim 14 meets the criteria set out in PCT Article 33(2)-(3). 

Claim 15 depends from claim 14, and therefore, meet the criteria set out in PCT Article 33(2)-(3) as well. 

Regarding Claim 16, 
W&WSens discloses a microstructure enhanced absorption photosensitive device (para (0031)- This patent specification relates mainly to 
photosensitive devices. More particularly, some embodiments relate to photosensitive devices having microstructure enhanced absorption 
characteristics.) comprising: a CMOS ASIC wafer (para (0223)- FIG. 14 is a cross section schematic of a MSPD monolithically integrated 
with CMOS/BiCMOS electronics in a single chip, according to some embodiments. The chip can include multiple MSPD (and/or MSAPD) 
with single and/or multiple CMOS/BiCMOS electronic application specific integrated circuits.) the CMOS ASIC wafer is configured to 
process signals (para [0203)- CMOS/BiCMOS ASICs configured for functions such as signal processing, amplifying, transmission, storage, 
conditioning, analyzing, and/or configured as laser drivers and/or power amplifiers); 
a layer in which an array of pixels is formed (para (0241 )- MSPD/MSAPD arrays can be fabricated over the holes either in the oxide and/or 
in the silicon such that each MSPD/MSAPD in an array can have a distinct bandpass filter associated with the array or with each or two or 
more individual MSPD/MSAPD in the array); 
wherein a region of undoped or low-doped semiconductor material (FIG. 24; element "I Si and/or GeSi and /or Ge"; para (0263]- In the 
case of integration with CMOS/BiCMOS electronics, the I layer can be low doped and/or undoped) between said doped regions (see 
arrangement of elements of "P Si and/or GeSi and /or Ge", "I Si and/or GeSi and /or Ge" and "N Si and/or GeSi and /or Ge"), and a single 
microhole (2540) (FIG. 24, 2412; para (0255)- Microstructure holes 2412 in general can have any shape, and in some cases are pyramidal, 
funnel shaped, cylindrical, polygonal, and/or a combination of shapes.); 
deep trench (FIG. 89, element 8970; para [0549)- In some cases, instead of a highly doped connecting well, a deep trench with oxide 8970 
on its sidewalls and the center can have conducting silicide 8972 and/or metal as shown in FIG. 89); 
and connecting electrodes (para (0456)- In some cases a metal connecting electrode can be formed from the surface to the P+ substrate 
via a trench (not shown) and in some cases a TSV (not shown) can be formed to the bottom anode metal). 
W&WSens fails to disclose a CMOS image sensor wafer (CIS) (110) stacked to each other, the CMOS ASIC wafer is configured to receive 
the signals that the CIS wafer produces, wherein each pixel comprises an upper and a lower region of semiconductor material doped to 
opposite polarities (2534, 2536), and the microhole extending into the pixel; wherein the deep trench is a trench isolation between adjacent 
pixels in said array and an electrically and optically isolating material in said deep trench insulation and in said microholes; and pixel 
electrodes (154) coupled to said pixels, wherein connecting electrodes (152) coupled to at least some of the pixel electrodes, and bonding 
electrodes coupled to at least some of the connected electrodes, configured to convey electrical signals between said pixels and said 
CMOS ASIC wafer. 

Omnivision discloses a microstructure enhanced absorption photosensitive device (para (0002)-This invention is related to image sensors; 
para (0020)- each of the plurality of visible light pixels includes a photosensitive element, such as for example a photodiode, to receive a 
portion of light, and pixel support circuitry to generate a signal representative of an intensity of the received portion of light.) comprising: 
a CMOS ASIC wafer (para [0034)- Digital counter 480 may be implemented using CMOS circuitry disposed on the ASIC die fabricated 
using a standard CMOS process of the stacked die system) and a CMOS image sensor wafer (CIS) (FIG. 2, image sensor 200) stacked to 
each other (para [0024]- Since stacked 30 color image sensor 200 includes a sensor die stacked with an ASIC die in a stacked chip 
scheme) such that signals that the CIS wafer produces (para (0023)- In one example, each of the plurality of visible light pixels 211 
includes a photosensitive element such as a photodiode to receive a portion of light, as well as pixel support circuitry to generate a signal 
representative of an intensity of the received portion of light.), wherein the CIS wafer comprises: 
a layer (FIG. 5, semiconductor layer 510) in which an array of pixels is formed (para [0020]- For instance, in one example, an imaging 
system includes an image pixel array having a plurality of visible light pixels, and a plurality of silicon photon avalanche diode (SPAD) 
pixels; para [0038)- The illustrated example shows a plurality of visible light pixels. 502A, 5028, 502C and 5020, as well as a plurality of 
SPAD pixels 503A and 5038); (claim 16 continued) 
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(claim 16 continued) Omnivision fails to disclose the CMOS ASIC wafer is configured to receive and process signals; wherein each pixel 
comprises an upper and a lower region of semiconductor material doped to opposite polarities, a region of undoped or low-doped 
semiconductor material between said doped regions, and a single microhole extending into the pixel; wherein the deep trench insulation 
between adjacent pixels in said array and an electrically and optically isolating material in said deep trench insulation and in said 
microholes; deep trench insulation between adjacent pixels in said array and an electrically and optically isolating material in said deep 
trench insulation and in said microholes; and pixel electrodes coupled to said pixels, connecting electrodes coupled to at least some of the 
pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured to convey electrical signals 
between said pixels and said CMOS ASIC wafer. • 

Taiwan discloses a microstructure enhanced absorption photosensitive device (para (0017)- The present application is directed to a CMOS 
image sensor with elemental silicon and silicon germanium for long-wavelength pixel sensors; By arranging the photodetector in the silicon 
germanium layer, the photodetector advantageously has good sensitivity to and absorption of long-wavelength radiation, such as. for 
example, infrared radiation) comprising: a CMOS image sensor wafer (CIS) (FIG.1, 100; para (0018]- With reference to FIG. 1, a cross­
sectional view 100 of some embodiments of a CMOS image sensor with a semiconductor stack 102 of silicon and silicon germanium is 
provided.), wherein the CIS wafer comprises: 
a layer in which an array of pixels is formed (para (0015]- Some complementary metal-oxide-semiconductor (CMOS) image sensors 
comprise a semiconductor layer of elemental silicon and an array of pixel sensors arranged in the semiconductor layer); 
wherein each pixel comprises an upper (FIG.2A, upper silicon layer 104; para (0023]- an upper silicon layer 104 a of the pair is arranged 
over and directly abuts the silicon germanium layer 106 a.) and a lower region of semiconductor material (FIG.2A, lower silicon layer 204; 
para (0023]- Further, in some embodiments, a lower silicon layer 204 of the pair is arranged over and directly abuts the semiconductor 
substrate 202) doped (para (0023]- The semiconductor stack 102 a is doped with p- or n-type dopants, and comprises a pair of silicon 
layers 104 a, 204); 
deep trench insulation (FIG. 1, deep trench isolation 112; para (0024]-The isolation region 112 is, for example, a shallow trench isolation 
(STI) region, a deep trench isolation (DTI) region, or an implant isolation region.) between adjacent pixels (para (0055]- The isolation 
region 112 is configured to isolate the pixel sensors 110,502,504 and is, for example, a STI or DTI region) in said array (para [0015]­
Some complementary metal-oxide-semiconductor (CMOS) image sensors comprise a semiconductor layer of elemental silicon and an 
array of pixel sensors arranged in the semiconductor layer) and an electrically and optically isolating material in said deep trench insulation 
(para [0061)- In some embodiments, the process for forming the isolation region 112 comprises filling the trench with a dielectric material, 
such as silicon dioxide); 
and pixel electrodes coupled to said pixels (Claim 21- wherein the transistor further comprises a gate electrode, a gate dielectric layer, and 
an additional source/drain region. wherein the gate dielectric layer spaces the gate electrode over the surface of the silicon layer); 
Taiwan fails to disclose a CMOS ASIC wafer and a CMOS image sensor wafer (CIS) stacked to each other such that the CMOS ASIC 
wafer is configured to receive and process signals that the CIS wafer produces, wherein a region of semiconductor material to opposite 
polarities and a region of undoped or low-doped semiconductor material between said doped regions, and a single microhole extending 
into the pixel; an electrically and optically isolating material in said microholes; connecting electrodes coupled to at least some of the pixel 
electrodes, and bonding electrodes coupled to at least some of the connected electrodes, configured to convey electrical signals between 
said pixels and said CMOS ASIC wafer. 

None of the prior art discloses, the CMOS ASIC wafer is configured to receive signals; a region of semiconductor material to opposite 
polarities and the microhole extending into the pixel; an electrically and optically isolating material in said microholes; wherein connecting 
electrodes coupled to at least some of the pixel electrodes, and bonding electrodes coupled to at least some of the connected electrodes, 
configured to convey electrical signals between said pixels and said CMOS ASIC wafer. Further, the prior art whether taken alone or 
combination, fails to disclose or suggest the particular elements as required by claim 16, therefore claim 16 meets the criteria set out in 
PCT Article 33(2)-(3). 

Claims 17-22 depend from claim 16, and therefore, meet the criteria set out in PCT Article 33(2)-(3) as well. 

Claims 1-22 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by industry. 
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SUBJECT OF THE INVENTION 
The Radix Rumiciss photodetector of photodetector preparation method and preparation 

[0001] Technical field 

[0002] The present invention relates to the Radix Rumiciss photodetector of a kind of photodetector 

preparation method and preparation, belong to semiconductor optoelectronic Sub- technical field. 

[0003] Background technology 

[0004] Photodetector is visited in biomedicine, data storage medium, flame monitoring, ultraviolet 

dosage measurement, high-energy ray It is used widely in the fields such as survey, medical 

treatment, safety check, industrial flaw detection.When incident illumination energy is more 

than photodetector material forbidden band width When spending, electronics will be made 

to transit to conduction band from valence band, produce electron hole pair, the electron 

hole pair of generation is collected by electrode, It is the formation of photoelectric current 

output.Quantum efficiency is to weigh one of most important performance indications of 

photodetector, mainly by Photon incident efficiency, internal quantum efficiency and carrier 

collection efficiency determine.Because the refractivity of quasiconductor and air is big, quite 

Light reflected by interface and be collected it is impossible to enter in device, lead to device 

efficiency to reduce.Generally according to incident illumination and reflected light Interference 

cancellation principle, design and prepare anti-reflection film so that the vertical incidence light 

incident efficiency of single wavelength reaches more than 95%. But the problem that this design 

brings is, when incident wavelength offset design wavelength, or angle of incidence offset from 

perpendicular, visit Survey efficiency drastically to decline. 

[0005] According to Theory of Electromagnetic Field, taking for electric field perpendicular to the TE ripple 

of the plane of incidence as a example, can according to the seriality of interface With the Fresnel 

reflection coefficient deriving TE ripple it is : 

[0006] Wherein, e oFor angle of incidence, e 1 For the angle of emergence, e oWith e 1 Meet : 

[0007] Wherein noFor the refractive index of incident medium, n1 Refractive index for emergent 

medium.Incident illumination with 650nm (TE r i pp I e) From Air incidence, to silicon materials 
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surface, as shown in Figure 1 it can be deduced that TE wave reflection rate increases with the 

increase of angle of incidence, is said The sub- incident efficiency in Mingguang City is relevant 

with angle, the photon incident efficiency highest in vertical normal incidence direction.What 

generally people adopted is anti-reflection Film, according to anti-reflection film thickness be Ji./ 4 

when to wavelength the light transmission highest for Ji.. the two of one layer of 100nm of silicon 

materials superficial growth Silicon oxide is used for the incident illumination of anti-reflection 

600nm, by equivalent to the silicon dioxide of 100nm and silicon materials become an interface, its 

admittance is Y, defining its eigenmatrix is : 

[0008] Wherein, n1And n2lt is respectively the refractive index of silicon dioxide and silicon, 

[0009] For the phase thickness of silicon dioxide, d1 For the actual (real) thickness of silicon dioxide, Y=C/ 

B, after therefore adding anti-reflection film Reflection coefficient is : 

[0010] Wherein, noRefractive index for air. 

[0011] Result of calculation as shown in fig. 2, it can be seen that increasing to 60 ° with angle 

of incidence from O 0 , to 600nm wavelength, absorbance It is reduced to 75% from 91 %, 

transmittance peak wavelength, also with the centre wavelength of the increase off-design of 

angle, is reduced to from 600nm 470nm, absorbance constantly declines. 

[0012] At present, all Radix Rumiciss photodetection is had strongly at aspects such as space optical 

communication, weak light detection, return laser beam detections Demand, such as diffuse­

reflectance detection in space optical communication, return laser beam are dissipated due to 

the echo that laser beam divergence leads in detecting Penetrate etc. it is characterised in that 

the ranges of incidence angles of incident illumination is big, intensity is faint, and therefore these 

applications are required to photodetector in energy While the incident illumination of reception 

wider angle scope, there is high sensitivity and quantum efficiency. 

[0013] Just because of current anti-reflection film design requirement incident illumination vertical 

incidence, in actual detection system, need extra Detector Ratable Control System, due to being 

limited by Ratable Control System speed, scan efficiency is too low, therefore it is further proposed 

that Form focal plane arrays (FPA) with the Focused Optical system of photodetector cooperation 

and by increasing detector, realize to all directions The detection of signal, but extra system not 

only increases the volume of whole photodetector module, more increases and realizes difficulty. 

[0014] Content of the invention 
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[0015] Present invention aim at solution above-mentioned technical problem, provide a kind of 

photodetector structure of Radix Rumiciss and preparation side Method. 

[0016] The technical solution used in the present invention is : 

[0017] A kind of preparation method of photodetector, comprises the steps : 

[0018] Lithography step, makes the figure of structure photosurface again by lithography in the upper 

surface of photodetection structure, 

[0019] Remove surface damage layer step, described photodetection structure is placed in 60-100 DEG 

C, in the KOH solution of 20wt%, goes Surface damage layer except about 1 O µm being located at 

again in structure photosurface; 

[0020] Structure step again, described photodetection structure is placed in 60-100 DEG C, the 

isopropanol mixing of KOH and 8vol% of 3wt% In solution, form Radix Rumiciss structure in 

structure photosurface again. 

[0021] Preferably, also include the step protecting the region outside photosurface using photoresist in 

described lithography step;Described again The step removing the photoresist of protection is also 

included after structure step. 

[0022] Preferably, also comprise the steps, under 800-1200 DEG C of wet oxygen environment after 

described removal photoresist step Front grows the SiO of 50nm2, photoetching simultaneously 

erodes region outside structure photosurface again, forms passivation layer. 

[0023] Preferably, described Radix Rumiciss structure be described in structure photosurface again out­

of-flatness surface, in order to make oblique incident ray contact institute The part of the reflected 

light producing after stating again structure photosurface enters in described photodetection 

structure as oblique incident ray again. 

[0024] Preferably, the out-of-flatness surface of the described photosurface of structure again is the 

continuous section of rule. 

[0025] Preferably, the continuous section of the described photosurface of structure again is taper, 

trapezoidal, rectangle, spherical, bulb-shaped recess shape, its figure Shape dutycycle 50% to 

100%. 
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[0026] Present invention further teaches a kind of Radix Rumiciss photodetector, including for producing 

photoelectric photodetection structure, The upper surface of described photodetection structure is 

provided with structure photosurface again, and the upper surface of the described photosurface 

of structure again is used for out-of-flatness surface So that the part of the reflected light producing 

after structure photosurface again described in oblique incident ray contact enter to as oblique 

incident ray again described In photodetection structure. 

[0027] Preferably, the upper surface of the described photosurface of structure again is additionally 

provided with passivation layer, described passivation layer cover all described in again Structure 

photosurface, the material of described passivation layer is SiO2, Si Nx, MgF2, I TO. 

[0028] Preferably, the described photosurface of structure again can be applicable to by silicon, 

polysilicon, GaAs, GaN, lnP, SiC, ZnO, SOI, tellurium In the photodetection structure of cadmium 

mercury preparation. 

[0029] Preferably, described photodetection structure is the avalanche photodetector of linear model and 

Geiger mode angular position digitizer, or is PIN light Electric explorer, or be MSM photoelectric 

detector. 

[0030] The beneficial effects of the present invention is : Provide a kind of preparation method of Radix 

Rumiciss photodetector, high efficient and reliable, pass through In photodetector surfaces 

structure again, break the restriction of Fresnel reflection coefficient angle of incidence, reduce 

the sensitivity to incident wavelength, no Extra system need to be added, only Radix Rumiciss are 

realized by single photodetector and detect. 

[0031] Brief description 

[0032] Below in conjunction with the accompanying drawings and embodiment the invention will be further 

described : 

[0033] Fig. 1 : , from air incidence to silicon materials surface, reflectance is with the change curve of 

angle of incidence for TE ripple. 

[0034] Fig. 2 : SiO containing 1 00nm2 The transmission of the incident illumination to 0 0
, 30 ° and 60 ° 

angle of incidence for the silicon materials substrate of anti-reflection film is bent Line chart. 

[0035] Fig. 3 : The structural representation of the Radix Rumiciss photodetector of the present invention. 

Page 4 24.03.2021 08:54:29 



CN103956403B 

[0036] Fig. 4 : Input path schematic diagram on the photosurface of structure again of the present 

invention for the oblique incident ray. 

[0037] Fig. 5 to Fig. g : The cross-sectional schematic of the photosurface of structure again of the 

present invention. 

[0038] Figure 10 : The corresponding profile of each step of the preparation method of Radix Rumiciss 

photodetector of the present invention. 

[0039] Specific embodiment 

[0040] Present invention is disclosed a kind of Radix Rumiciss photodetector, its structure is as shown 

in figure 3, include successively from top to bottom : Passivation Layer 101, again structure 

photosurface 102 and photodetection structure 103.Described photodetection structure 103 

is used for producing photoelectric effect, and this is Prior art, will not be described here.In 

conjunction with shown in Fig. 4, the upper surface of the described photosurface of structure 

again 102 is out-of-flatness surface in order to make The part of the reflected light producing after 

structure photosurface 102 again described in oblique incident ray contact enters to described 

light as oblique incident ray again In electrical resistivity survey geodesic structure 103, described 

passivation layer 101 envelope completely described in structure photosurface 102 again. 

[0041] Specifically, when incident illumination incides the photosurface of structure again 102 of 

photodetection structure 103 according to certain angle, due to At incidence point, actual incident 

angle changes, and reduces actual incident angle for inclined plane, therefore, it is possible to 

improve tilt into Penetrate the absorbance of light.Meanwhile, the light of reflection reflects in 

multiple interfaces, increases the probability being transmitted into quasiconductor, thus Increase 

absorbance, break the restriction of Fresnel reflection coefficient angle of incidence, reduce the 

sensitivity to incident wavelength, realize Radix Rumiciss and visit Survey. 

[0042] The photosurface of structure again 102 in the present invention, can be carved by chemical 

attack, laser grooving, reactive ion etching, machinery The methods such as groove, epitaxial 

growth are formed, deeper 0.1 µm to 50 µm of structure structure.The surface topography of the 

described photosurface of structure again is rule Continuous section, can be taper as disclosed in 

Fig. 5 to Fig. 9, trapezoidal, rectangle, spherical, bulb-shaped recess etc., its figure dutycycle 50% 

To 100%. 

[0043] The photodetection structure 103 of the present invention can by structure photosurface 102 again 

increase passivation layer 101 repair because The surface damage that structure introduces again, 

reduces surface recombination, reduces dark current.And, because described passivation layer 
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101 has certain thickness Degree, between 1 nm to 10 µm, therefore it can be used as a kind of 

presence of anti-reflection film.This passivation layer 101 material can be SiO2, SiNx, MgF2, 

ITO etc .. Certainly, if being in the consideration of cost, this passivation layer 101 can also be 

saved, that is, Radix Rumiciss photodetector is only Only include photodetection structure and 

the structure photosurface again being provided thereon, at least part of surface of the described 

photosurface of structure again is out-of-flatness Surface, in order to make oblique incident ray 

contact described in the part of reflected light that produces after structure photosurface 102 again 

again as oblique incident ray Enter in described photodetection structure 103. 

[0044] The photosurface of structure again 102 of the present invention is applied to by silicon, 

polysilicon, GaAs, GaN, lnP, SiC, ZnO, SOI, tellurium cadmium The photodetector of the various 

material such as hydrargyrum preparation. 

[0045] The photosurface of structure again 102 of the present invention is applied to the avalanche 

photodetector of linear model and Geiger mode angular position digitizer, is also suitable In PIN 

photoelectric detector, MSM photoelectric detector etc .. 

[0046] The preparation method of the Radix Rumiciss photodetector of the present invention once is 

described below. 

[0047] As shown in Figure 10, photodetection structure 103 adopts the PIN photoelectric detector that 

the silicon materials of N-shaped doping manufacture, its Structure photosurface 102 forms as a 

example taper by the method by chemical attack again, and preparation process and method are 

as fol I ows: 

[0048] Step (a) . make the figure of structure photosurface 102 again by lithography in the upper surface 

of photodetection structure 103, using photoresist Region outside 104 protection photosurfaces 

102; 

[0049] Step (b) . the photodetection structure 103 protected using photo resist 104 is placed in 

60-100 DEG C, the KOH of 20wt% is molten A period of time is processed in I i quid (About 40 

seconds) . remove the surface damage layer of about 10 µm being located at again in structure 

photosurface 102; 

[0050] Step (c) . the photodetection structure 103 protected using photo resist 104 is placed in 60-100 

DEG C, the KOH of 3wt% and A period of time is processed in the isopropyl alcohol mixture of 8vol 

% (About 30 minutes) . form inverted pyramid in structure photosurface 102 again Radix Rumiciss 

structure; 
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[0051] Step (d) . remove the photo resist 104 of protection, front growth 50nm under 800-1200 DEG C 

of the wet oxygen environment SiO2, photoetching simultaneously erodes region outside structure 

photosurface 102 again, forms passivation layer 1 O 1, that is, obtain the preferred embodiment of 

the present invention Radix Rumiciss photodetector. 

[0052] All technical sides that the present invention still has numerous embodiments, all employing 

equivalents or equivalent transformation and formed Case, is within the scope of the present 

invention. 

1. 1. a kind of preparation method of photodetector it is characterised in that : Comprise the steps, 

Lithography step, makes the figure of structure photosurface (102) by lithography in the upper surface 

of photodetection structure (103) again, removes surface Damage layer step, described photodetection 

structure (103) is placed in 60-100 DEG C, in the KOH solution of 20wt%, remove and be located at 

structure again The surface damage layer of about 10 µm in photosurface (102) ; 

Structure step again, described photodetection structure (103) is placed in 60-100 DEG C, and the 

isopropanol of KOH and 8vol% of 3wt% mixes Close in solution, form Radix Rumiciss structure in 

structure photosurface (102) again, described Radix Rumiciss structure is the described photosurface 

of structure again (102) The continuous section of rule, in order to make oblique incident ray contact 

described in structure photosurface (102) produces afterwards again reflected light again as oblique 

Penetrate light to enter in described photodetection structure (103). 

2. 2. photodetector according to claim 1 preparation method it is characterised in that : Also include in 

described lithography step The step protecting again structure photosurface (102) region outward using 

photoresist (104) ; Also include removing after the described step of structure again protecting The 

step of the photoresist (104) of shield. 

3. 3. photodetector according to claim 2 preparation method it is characterised in that : Described 

removal photoresist step it Also comprise the steps afterwards, under 800-1200 DEG C of wet oxygen 

environment, front grows the SiO of 50nm2, photoetching simultaneously erodes structure again 

Photosurface (102) region outward, forms passivation layer (101 ). 

4. 4. the preparation method according to the arbitrary described photodetector of claim 1-3 it is 

characterised in that : Described structure photosurface again (102) continuous section is taper, 

trapezoidal, rectangle, spherical, bulb-shaped recess shape, its figure dutycycle 50% to 100%. 

5. 5. a kind of Radix Rumiciss photodetector of preparation method according to claim 1 preparation it is 

characterised in that : Including for Produce photoelectric photodetection structure (103), the upper 

surface of described photodetection structure (103) is provided with structure photosurface again 

(102), the upper surface of the described photosurface of structure again (102) be out-of-flatness 

surface in order to make oblique incident ray contact described in structure light again The reflected 
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light that quick face (102) produces afterwards enters in described photodetection structure (103) as 

oblique incident ray again. 

6. 6. Radix Rumiciss photodetector according to claim 5 it is characterised in that : The upper table of 

the described photosurface of structure again (102) Face is additionally provided with passivation layer 

(101 ), described passivation layer (101) cover all described in structure photosurface (102) again, 

described passivation layer (101) material is SiO2, s i Nx, MgF2Or ITO. 

7. 7. Radix Rumiciss photodetector according to claim 6 it is characterised in that : The described 

photosurface of structure again (102) can be applied In the photodetection structure (103) prepared by 

silicon, polysilicon, GaAs, GaN, lnP, S iC, ZnO, SOI or mercury cadmium telluride. 

8. 8. Radix Rumiciss photodetector according to claim 7 it is characterised in that : Described 

photodetection structure (103) is line Sexual norm and the avalanche photodetector of Geiger mode 

angular position digitizer, or be PIN photoelectric detector, or be MSM photoelectric detector. 
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Lateral semiconductor photodetector of pin structure 

Abstract 

r>R08LEM TO BE SOLVED: Tc, ;x::>'.tl•:;~:- 3 Ptf-J str:..:ctur-2 la::ern! ::e:n:c,:i~:c;uc-::or phctcd.:::to::c-:::x \•'/1'°:!ch l:: 

imp:z1v-r:d i:'1 ~-i~ns:r3v"t1y k:r Gf:·r~c:H:'1g l:qht ·._1,1;·:hot:1 d2:.-:-r;,;rnl"ic:q ::_::: r-r:spn:'1:::~ $p~f::]. ~;our:-:DN·. ,\ 

l3t-2r~; semi ►:0:1d:..:ct,:ir ::,hotodetectcf ,:if r:-!N strnctur.::: hss i!lte:-fuces at a:-: l ;ay-2! ·: 5, 3 ;-:, iay-::f 5, 3;i,:; 

on ~ l:·:yer. the iri!>::1·fr:v.es a:...-: ser. Vt:rt:ca.: tG ":~:~: surfoc...-: nf a Sf::·r:ico~d1v.tc.•r s:..:b:--::trak, :19~:t in1p:r.9i:•:q 

,_;r; the I !aye; 1 ':, is .-_·:;nve;ted bt0 a .-_~urr-:nt. i..i;;r_: l:he c:_:r:e;:t is zi.:.:,t,;:-eted. A ~V.'!e 4 ;:_; bored :n 2.. l:ghf 

~-'::Cf:iving re~fc.,1: ~·- fr:.xn a Hq:~-:: rec'::!viri(: s:..:rtace 3 tn 3 -:-x:r":::in pci::: ,1s rJe~:p o.s :-.•~·:-:sc:r:be'.-; i:-:sh-!t: -::he Other languages: .t,,::c,mc:;,, 

\.'Vorldw!de appHcaticns 

Applicat;,:,n JPW01 l°!01&8A ~vents (ii 

Status 

[Clslr-n::} ; .4. ;~t>::rnt s-::ff~ic:cr:du,:tor l:ght :-2,:el'.:;ng de"s;lc:e ·-:,:hereir~ z:-: l~t•::rf~•=e bet..,,.;eer: ~n :-byer, a p-b)'er, a:-:d '3i! n-:sye:· hsv!ng 3 p;~ st:u,:t~r•:: ls fo:m-2,::; perpendiculsr tc ~ 

~;;u:·fo,;~ :Jf:.:: s~ff:kx;nd:ie:ter s:.:t;s·::-f!':'e, ;;;n:-J r::..1:1\1~ns l:ght !nr::Gf::f:' on i.!'1E i-!dyet· tm:..1 cu:-rf::f:' 2:.nd Gf:l"ee:t~ :_:~'=' :·;u:rem. A :;;\t::·f:l: sEmie:t~:K1;;cl":"'>f :tg:1:.-:ec~:\/;n(J elErr:t:::: h<l\,.ic:9:.:: P:N 

str0ctu:·e, ·-:-.'hereiP z. ho!f· e>:to::Pdi:-:g frcrn tho:: l:ght-re,:ef'.tiPg su:faco:: to z. pre,:;-:-tf·rmi:-:ed ,:;o;:pth cf-::he i-lsy-:-r is w-:rvided in-::he !igh-::-:·ec-21\':r:g r-:-gio:-:. 

DET.t..!L£D DESCR:PTION Oe THE :NV£NT!ON 

[omrl] 

~:. C-e~c:i:f:'!c:n :..,f :_:s:E H~ldte:..1 A;t i:s:;; v2nk;;t ph:..1-:.:..1:._1;rid~ l:: which 2:. p:: _h:nGi.li_:~: ::;uif2.e:2 i~; fr:r:::ed p;;;rnne: tG 2. sErr:i:;end:..:ct,;: st:bs:_:a:.E ~...t:i-foc:e, :tg:s::_ ;s i:Ki:]~nt :..1:1 r.1 

dep:.:::i:k>:-: l~yer th•eug:: a p-1~;.rer c: ;3;: n-:ayer. 

:r. :: lo.-::er:31 pht11:t1d:cdf: !n 11\'t:ic:h :ri:-: a-ju::~-:tk1:-: ::>:!~·fr:v.e ::;; f..-J:TfV:t! p::~rpervfo.~:..::a: tn "::"":t: se:n:e::..1:-:duc:,...,.( ::ubstrote ::u:f:e2, !:ght i:-; d:rec:;.,, irv.!d::~r.t nri the de;J:etk1:-: 1:-:yer (r.Gt 

:_:;r.-_a:_:gh the p-layd r_.r U;e n-loye: ). F•-1: :_:,;s re;..:i';;,·_;n. i:;..t>:-rnt pl1•-1:_,_1,-_:;:)des :;..r>:- better th:3;; ve:t:c~; phcltxii.-_a,_:.:::s. 

:~ls l::- zd-.1~ntuqecus i:-: li•Jht receivlr.g -:-tfo:ier-: ►:y. 

C:..1:w~:ntk1:-:0Hy, in o ;Jt:otodlode. 

/',n i :ayer (i:-:trins:.-; layer) is p;,_·Nide:..i betwe.::n?. p ;aye; ond an r: t2.y.:::r l::) :nr:r.::ase t:'1.:: l:hick.;:.:;ss ,_,f o depl.::ti:xi !:3yer. :;: a '✓'>:-r:.:.-_·a: p:.r_•t•·-~r;bde :,ovtng sucl1 o PlN s:J:p..:r.:'ture, 

"::"":t: :-1:~yer i~: fr•r:·::t:d-::o hav::~ ,:1 :i-!iGi-:rv:ss f:~-:t!al tc (J:' :-ri:.,ff: tha.;-: thf: abscrptinri l::~~f~th In order tc ;~·:e:eo:-:>~: the Ht;M n::c:elvi~9 ::e:-:si":!v:"!:y. A-.s 3 :e::ul-::_ :-: quor.tum :-:ftk:e::~-:y nf 

~··o~s :):· :::ot·~ :..:;;;n be Gt:r.;;;i::ed o:. r.1 .._,-.,.·ovelEn(fh of c:b:..1:_::_ "?DD nm 1.:.., 8"iD nn-:. 

:__ater2.: p::rAr_.fJbde ::avi:1g a Plr•; s·truct~:re {i.-=i ph:'"Jt:'"Jd:cde in -.,.,..-~;ich ~r; inte:f2.c-2 t;e·tvve>:-n ~=:n ;-!2.y>:-r. :3 p-!2.y.:::r. ;3;:u 2.n :i-:aye; ~:aving a P:r,; structure :s ·formed pdp>:-nd:c:_;:ar 

::., a se:-riieo:-:du(;°:•.--•~- substmte ~,u:fo;_;e) 

;=er e-...-n:-:1::!2. f!f:'~:- c: :egki:i h<l\'i::9 :.:;r: ~:-:.1.re:n2ty iG'.t,t i:s:"1p:_:r:ry r::..1:1c~::t:·2.t:en f:..,::ni;:g 2.n l-tny2~ •s p:evl:Jed Ir: 8 ~:..:rfa:..:E :c:yt::· :-,onh-:n :..,f:.:: s~mk:Gn:bcter s:_:bs·::·ff:e,;;; :)-fyp-2 

imp•J:ity· sr:d ~n :-:-ty::,o:: :r.-:pu:ity zre 3,j,jf•d to respec-:::-.10:: pos;t;c,ns cf thl:: :-egtcn ut p:-edete:m;~ed :nt-2tvais frcm ~r: upper ::urfoce. T•:• f.:,r~-; a p-.f:jver 3i1•'.:! a:-: n-!ay·w. snd 

it:2.\t'E 8:: l-ir.1y2r t_:f:\weEn both loyern 

-:-he:efri:e, :n i.hE :;2sE :Jf 8 !a:.Er;;;l pht~tt~d:<;i-J~ h<l\'i::9:.:: ~•:N ~r.r:..:ctu:f:. i.hE thie:k;:f:~;$ Gf :_::'=' :-l:.::)'er (C:ep-:.:'1 f::..K:'1 n:f: lig:::. i:ic:idEnt ::;uif2.e:2) 

:r. ,:i:d~r to fr:c:-2~se p, f-:: :s nece::-ssry t,:, form t~e p-lGver 3n,:; the r.-l~yer do::f·ply. :r: o:d-2r t•=· f.:,r~-; the p-l~)'er Br-:,:; the r:-!aye: d~ep i.--..-hile ;::eepli!Y the ;,,i.;ld-::h cf th-2 l-:sye:- {the 

Gls":f!nGE b~t-...\/Et::: the p-!2.yEf n::C: the' n-:c:yf::) u:::fot·:-:i in :_::f: ·:h:G:-:-n~$S di:·ectk.,:: rjf th~ s:_:b:-:;·rrn·r~, :_:1'=' :)-!dy~:- c:nd n:f: ::-l:.::)'er r:n :_::f: $u:y::tr;;;tE $U:foe2 fnu:::t b2 n ;$ 



r:e,:~::ss,;Ey t0 :rn:T.:::ase th~ dlst-3r;,:e. \-''!h~P the distance t:,et\-'Je.:::n the p-iayt! ~nd the r-i-lsy.:::r c-n-::he ::-ubstrn-::e ::urf~ce i:: i:-:cre~sed, t~e 'lNHh 0t-::he i-lsy.:::r !n:::re-3::-es. 

·,t✓ :dth :Jf :_:1>:' !-!a;.1~r i:s. !2.t·c:e, th~ ff:t1V{::'"fl~nt ;ji:;;\r.1:1e:e <;f {:!eG:_:;,.1n::: (ff~neror.-:-d '.X': the p-!f:y{:: ::;id2 ._-.,f \h~ H;;ye: :_:J rEn..-;h 1.:-i-2 ~:e:...~r_r:._x_:'=' '.:-f ·:he :1-tny2~ •n:-xecr:-{:~;, ;;n..-] the 

rE-spor:sE- speer_: dec;e;::s:es, 

Thwefcre, :r. th.::: ls-::ernl type ::•~c-tc-diode ~a\:ir;g the p::-~ s-:::ucture, ss ~ rne-::hod fer ir-i ►:ressl~q the l;qht :ece1v:r:g ser:siti\':ty, SiP~ply ;n::::essinq the thickn-2::s cf the Hsye: 

(1.h2 d~pth frc:n: th2 l:911t :r:c:C:en:_ :;;:j:·f;;..-;e} c;::~:nur be :::im:-,:y e:-:1::k1yed. r:-i-2rEforE. P!N 

/',s a n:ettv..1:J f.-_.r mcreasing the light reG>:-ivi::g serr:.:itivi:_y o·hhe :ou::ra: type phctc,;.i:,·_,i"Je hi..-r--.:ir:g i.liE- s·t:ucture, it :s .:;ff.::e"tive t,-_; p:0v1,·_:.:; :=m ;;;,r;tireflec1.l.-_.r: fi:n: o:; t~;e uppE-r 

~~u:f~:ce ..-Jf th~: :--:aye~ -::o i:i~-:rease t;-:e effv;ie:-:cy· :..1t ir.c:cie:-:ce on -::he :-!a.y~:r. 

f-:r_,we-,;e:,:;,. lateral type p~:,-_;t,-_;diode ~:avi:;g a Pl~·J structure ::oving a:"l ;._=tri:_;;ff:ect:en f;!:-r, on 1.:iE- uppe: ~:urf~ce cf the H~=:ye: has o p:0bte::1 t~:af the :e~:p:)nse :_;pee.;.i is !ow 

\•\,,~en 3n ~::lemer;t fo! r-::-ceiving 3 ~!gh--sp.:::ed s;,;:na: l::- use,::;_ There iS. SUtv~Mfa.RY 0~ THE !N\iEf-JTlON Th~ ;xes-20t im1-2r:tkm h-3::- been ff~ade l0 \/ie.,-v cf s~ch s w,:,t,!ern cf 

:_:;'=' :·e:c1.te:...: r.1n., 2:.nd •t ;$ ;::r: ..-.,:-:_:e:...:r. r;f the pre:s.Eff:" :nvf::f::c:n \.;_) lm:;:·..-;ve rJ:f: :lg~:r. rE..-;el\,.iC:t) :S.>:'fl$li.l'--.ri·:y ·,:\1:thnut iGw·e: ing n:e t·espGn~ ... e ~p-P.ed :~: 2 !;:::_2r;:;;l $e;:1;c'.:::du:...::_G~ lic:ht 

r.:::ceiv!ng e! ►:-mer:t hG· .. 1:r:g ~ P!N ::tr~ctu:e. 

[0008] 

l1: :...xder tc ::c:•lve ti-!e 3b(Ne-:-:1enH,:-..:-:ed prcbk:ms. tl'J:-: p:ese:-!t !n\1(:~-:tinn prcvid:.:~s :-: semknnd:..:ctG! d~:v:c~: ho\1lnq on i-!oyt:r ho:,1:1:q o PIN str:..:ctur._,.: !n v_.·hlc:h :-:1: i~terfsc(: 

betvveen ~ p-l~=:ye: 2.nd ~r; :"l-k,yer :s f,·_~,:~1.::i"J perpe:;,·_:ir_;~:!;3: :_;_1 a se:~1=c0::duG:_.-_ar :_:ubstrate :_;u:f:;..f_;e. :;: a !:3:_er~I ·type semk~r-•nd~:cte: l;gfrt :ece;\,:ng .:::leir:e:;:_ :",_1; ,·_:.:;fecting 

im~ider:t l;qht by ,:0n'1-::-rtlr-i•J the li•Jht lr:tc G cu::e:-:-::, ~ h::>:e ,:-x-::end;pq tmm -::he ligh-:: :ec-2iving surface t,:i a p:edettfmiPed d-2::,t~ ::>f the i !ayH (~ p0siti,:i~ sh3;;0\i"!er th~P the 

~P~t.::>dlments ::>f the pre::-en-:: in•..-e:-:-:::cn w:H be de::-c:·ibed t,etm•\,,_ :=tG. ·; ;s s s~:::::t:cn~; \.1i-21,\' s1""i ►:•wing a phctcdi ►:•de correspond:r:g t,:, one -2~-;t,odirnent ,:if th~ ;xese~t 

inve::tlon. FIG 2 is 3 '.-;iag~o.:--:-: :,;-:o~•\'iri(: an e;:.an1p:e c:,f a pia:1£:r s:-:op(: ~.\'hf::-: th:.:~ pt"J..-.,:..-.,~-:ind2:-:; c:,f t;-:!s e::!:'".•c:•cHn12r.t :~:-~: fr,r:-:-:::d :n :-:n or:a.y. F:G. : ..-;c:,1·((:~~po:-:d:-:i tc:, a S(:c.tk1:-:ol 

v;>:-w t:3:-:e:: i..,:,·_,ng ii:;>:/.\!\ ,-_;f ~lG. 

:~ls p!J,:,t,:0 :;bde ;:, s l~t~ral photo•:liode (s-2~-:icor:du,:t ►:•f light re,:~::i'1;~q e!-2~-i ►:-nt) h3.'/1Pg s P!l\J str:..:ctur-2 f.:.rr-n.:::d perper;,:n::::..:!~! t,:, the sut,strate surfac~ 0t s. s;l:ccn 

~~ubstrote (::emicGn'.-;t!Cl:..1: sul';:-;t~·:-:t::} 1 sr.d ;-:as a :lgf-:r. re..-;::h:h-!q :-egicn (:., la.y:-:r nf i iay:.:x : :-;; .4. 1""i..-.,:e 4 (:.<H:~:-:dl:i~:: i:-: ,:1 cH:-ec:r.:cn pe:p:.:1~dkulor tc th(: s:..:rtac:e •.-.•f ti-!e sHk-:o~ 

su:J:_;trot.::: ~ fron: the light :e,_-:.:;iv1r:g su:face 3 ·t0 a pr.::i"Je·ter::·1:ne.-_: depth r:f tlk i-laye: ~ 5 ;:_; prov;r;ed in o :egi.;.-::; (:;,. :eg:en ~;etweE-n the n-:aye; :. a:-:c! Hw n-laye: /). 

C':n th•:: upper ::u:foces ,:,ft~~:: p b:,/er ~ ~nd -::he r-i ls.y•::r 7, ~ p et-2,:tr,:,c;e 6 

.4n'.-; an n :-:!:.:1ctrcrJe 2 a~:.:~ fcn-:-:ed. Cn ti-!e :cvve: surfsc(: nf the :-:;dic:cn ::ubstrote ·:, o :.,-electrcd(: 11 i:, fr.•ff:"l:-:d. An eh:me:-:"!: prcte..-;":ic:•n :oy·e: ·~ m::1..-h: :...1t o :dicG:i mddf: fih-:-: er 

the :ike :s pn .. ""!'✓';fJed en t~:.:; ~:pper :_:u:fo:-_;e .;.1f i.nE- s:l:u;:"l s:_:bs"t:ate ·~ E-.%:cep:_ :",J: :_:;>:- posi:_;,_,ns ef the .:::tec:_;-:.xies: 6 i..,:;,_: Band t~:e helE- 4. 

r=!:-sr. :i is r:V]'.-;t:d -::o the su~fa:..."':e !,1ye: ,_-Jf t1""i:-: p--::yp~: s:l!c.t1n :-:;:3bsuate ; . 

. ~ 'NE-It (a ;e::,v;n h;,_,·.;i:-:g :3:: extre:ne:y l•J;,•\' i:np:_:r:ty cr::1,·_·e:-:t::?.."t:on) 10 is p;e;,:ided. 

r..;exr., ,1 p---::yp~: l:-:1purity ls a'.-;c!ed "!:C G:i:-: :..1t 1:h2 tvvo :eg!Gn:: :...1t rhe n-~veH 1 C> ot ,:1 pred:.:~"!:em-::n~:c! l:-:r_er\1:-:!. a:-!C! a:-: n-":yp:.:~ i:rl:-.•t!rity i:: added t·.-.• the ether, or...-J cHff::s:.:1d, .4:-:i a 

r2:-:i:!lt, :_::'=' :-, l:::)'er 5 ;:;:wJ the:: !2.y-:-r ·; 2re f ;,_1: ff:ed i:i the ;: we:! ·: 0, r.1:id the fY;f:_:<;n beh'i{:en 1.h2 o lc1.ye:· :"i o,::<_: \hen ir.1y2r "i ._-.,f l"he n ·,t✓ eli ·! D t·~n:c1.:r::-:; f:S rJ:f: : :;:;;ye: 1 !:", N-2/,-:, 

2ft.:::r f.:.rm;pq -::he -::-!ectrodes 6 snd 8 ::>n the p-lsy,:-r 5 snd t~~:: :-:-!Gver 7, the e! ►:-mer:t prcte,:t;,:.n :-3y·e: 9 l::- forn~ed. 

r..;exr., ,1 h1c:..:s~:c! lor. :'"J:-:am procf:::s:n{J ~:ppsrotu:-:i (r=i 

Using 8). ~ prxtif.in o-f the :_:pper S\.FfaG>:- 0f "the sil:c.;.1:; s~:bs:_;i..,i.-2 : s;._,:;,-_:\'-.'ic::.:;d betv;een i.nE- e:e,_-:t;,_1,-_:.:;s t: ~nd U i:: ir:ad:i..,te,·.: wii.!1 on :en ~;e2.n:, :;..nd the der-:-:e:1:_ f_•r•·-~t.::e"tion 

!ayer:: 9 sm.1 I sre irr~•'.:!iated. 

13y -2r.ct1:ng :_:;'=' lf:yf::· ·i :"i,;; hc:le 4 ~x-:.2~:di:-:9 :r: \he thkk:-:es~:.: clire:..-::_:<;n o-fthe :::i:iGor: ~;t:b:s.:_:;:::_2 ·i fmm the :i(t:t t·~e2lvi:-ig s::rfn:;e :3 tr; 2 p:e:...:>:'t{::mi::ed G>:'fJrh c:fthe; !f:y{:: ·i :"i 

;-:we, the diP~~::nsi,:i~ of the ho;~:: 4 ir; the dfr-2,:tion betvveen th•:: p !~ver ~ ~r~d then lsy.:::r 7 ls ,:;~::te:mi:-:ed bet\-'Je.:::n the h,:,;e 4 G~c; the p ;ayer 5 s:-:d b.:::tv~·eer; the hcl~ 4 snd 

the:; l2.y-:-r "l. is :;;et to the rJi:-:i~ns;r;n -.,.,/t:{::e exi~;t$. \/\/t:{::1 the :i(:ht rn.;.-:Eivl::g ~;t:rfae:e :3 beb'/Ee:-: eor.;h po.:~ <;f {:!eG:_:;,_1d2:-:i is b:·(J~, H :$ p~-:-fErnb:e :_:._) prr;vid2 r.1 pki:::::ny :..1f 

hcks 4 ;~ the light re:::er .. 1lr:g ::u:foce 3 ~s s!J,:,wr: ;~ flG. :r: th;:: :::-3s~::, fer e::::amp:e. the vvid-::h W ,:if th~ eie,:tr,:,,:;~::s t: ~nd 8 

:r. th;s phctc-:.i;c,de, ~ p::>\•v.:::r supply· :s ,:0n:-:e,:t.:::d bet\-'i ►:-e:-: the n-ei-2,:tf,:0 :;e 8 lr-i cor:rnct w:-::h th-2 upper s~rf-3,:e cf the ~-ls.yo::r 7 sr:d t1"°! ►:- p--el~ctmde ·; ·1 c,n -::he ;,:,wer s~rf-3,:e 

cf "!::-:e ::ubstrote ·: ~.\'Ith t;-:e :-:-bver 7 :-;!de f;~:ing pn::it!ve ~:nd 3 ((:Vers._,.: bios v:...1:r_ofy: app:l~:cL T:-:en. by e:t1n:-:e..-;tlnq -:::-:e :.,-electrcd(: b :n :-.nntac:t vv!th -:::-:e ::ppe~ su:fac~: :._1t th:.:: 

p-l2.y.::r 5 ·t0 the ,·_~i...:tput ci:c:_:it, !ig~;t i::ci,·.:.:::n"t on the i-:aye: ~ 5 from Hw light :e,·_·e:v:ng su:f~=:GE- 3 ci..,:: be c,J;:vened ,r:t,·_, a c:_;;:e::t and de:.eued. tds•·-~, 

l1: rh:s :·:hntnd:cde, -::he liqh-:: (psnisllv st"J..-.•~v:-: by o t11\'·c:•-dt11: c:haln :in~: l:-: r-v-;, ·q :;-:d ho.s :-:nte:ed th(: ht1fe 4. fr•.-J:-ri the :l•:J;-:t re:..."':elvi:-:g ::tirf::c.e :3 •~fat:c-::iy em:.:xs th(: light 

:·er:e;v·tng rE(~ion ·:·. f;;,_K:< rJ:{: bntton: c: ~l..-Je s:_:rfo.cf: o-fthe ~:<;le,: ;:;;n..-J By :,_;f:'i::lJ :ef:EUed ;,_):; the s:Gf:' $U:f2:.c-2, the :i(:ht l~ i:-:dGEn-r on the' !:0M :ecf::,,-:n(~ :·e0k):::.? frr;m ·:he 

bct-::om s0rfG•:e -::o the side su:-face, or is ;~cldent ,:,n the ;;ght :ec-21v:ng r~gior: 2 from t~~:: sid~ stJrfs.c-2 tc,wsrd th.::: 0ppcsiPg sid•:: surfs.ct. Therefore, the Hg~t ffceivi:-:g 

Effi..-:te::cy :r: \he l:ghl" :ee:e:•,t:ng r2gi:)c: :'. ;s hlgt:{:: l"h2.n :r: \he GO:-:ie v·.:he:·e th2r2 ;$ nG h..-;:e ,t 

:f the :((Jht rec-2ivlng st:i-foc:e :3 ;$ ::-im:'"Jly e::!o.:g2G wl:_:'lGtJt omvld;n(~ the ::<;le,~ :n '.::·:!er tn :r:c:·e2s2 the !:-:,.:hr :-P.:;el\1!ng or-:-r.1. ::_ r.::::k~s ;:;; lt:ng :_:r;:{: fr;:· ~!ectrGn~ ... ge::Eml"ed ;,_1n 

the::, ls.y~r s:de c,f the: ;2yer to r.:::ach th-2 e:ectrod~ ::>t then !ay-::-r. fa.s the ::,arastti,: csp-3dtance !ncre-3::es, t~e :esp,:,~se s::,~::ed d-::-cres.s-2::. :r: ,:,:.ntrnst, ;n th:s ph0t0d:cd-2, 

:::y :-,t·'.:'.::Gi:19 the h..-;!e ,~. ·:he :,(fY:" :·er:2•ving r.1:e2 l::: !2:.rt)e: :,_))' the :::ide ~urf:::ce ef the k;te ,~ rJ:;;:i 'N~:f::: lK""I ~:r;l~ ,! •~ ... p:evl..-Jed. T:;>:'f{:fGf{:, :r: \h!$ pt:r;tryfaxle, e!ect~Gr:s 
g.:::nernte.;.i ,-_,n ·the p-;aye; :_:ide ,_1f :_:;>:- i-!:3yer a:e r: 

:;-:e :-:-:c\1::me:-:"!: time uml: re::c.h:r.9 :;-1:: :.:~k::-.t1·•.-.•c!e of "!::-:e !aye( ls r.ct ; •. -.•1:qe~ -:::-:on ~v:-:en t;-:e :i•f-!t rt:Geiv·lng :,t!rh~-:e :3 i~~ -::he ::~:me :-:ii?.2 a:-!C! th:.:~ h•.-J!e ~ti:-; not prcvid:.::d 

:-he :-•arnstti.;.-: :-_;2,p;,_,dfance ,-_,:" U:e phctc.;.i:,·_,i"Je is s:-na!l>:-r tt;a:-: thi..,i. :n ·the .;.-:ose ;,,·.;here i.nE- l:gln :,2.-_·e:v;ng S\.Ffi..::tG>:- 3 h:3:: the s:;,.rr:e s•Ie ;,_,:;,·_: the hr::>: 4 is n0·t pro'✓-=iJed. F.-_-.r 

-::hes•:: :ess,:i~s, G•:cord:ng t,:, this p~c,tc,di::>de, the li•Jht :e:::eivlr.g ~r•::a c~r-i be ir;,:ress-2,::; and the Hght re,:e['11r~g eff:c;ency csn t,,:- :r.c!-22sed ~'~1lthcut r-2,::;0clr.g th•:: :espor;::e 

~:.:oeed 

S;n..-:e :;Gle$ ;::~:d ~!ectrGn~ ... ge;:f:':n·red by 2bsor:,_);n(~ :lg~:r. i:1 the p{::i:,he:o.: 0..-;:·n..-;:1 ef the k;le ,! <;f rJ:f: :-1::::ye: 1 ~ c2.n n<:..)\'e m ::•(~h sp-:--P.d thrnug:; n:e :-1;:;;)•e: 1 ::-.. 

:~e :esp,:,r~se speed l:: taster th~r-i the cG::e 'lilth0u-:: the ~c,le 4. The:·et::>:e, ~cccrding t,:. thls ::,hotodlcde, by prc,vid;~q the h,:,;e 4, the iig~t r~:::::eiv·ir:g -2fficlen,:y in the iig~t 

:·er:e;v·tng rE(~ion ·:·. i~; j:;cf{:2.$eG, the :((Jht rec-2ivlng sen~Hivli.y !$ :r;:pf<;ved, 2.nd -:.:'l-:- :e$p:..m::.:e sp-:--P.d i:s. n:$:..1 •nrxec1.~f:'..-J. 



/',s desG;;~_;1:;d ab,y.,re, ;_;;f..:cen.ii:;g l:o "the l,:_;;t>:-rnt s,;:-rr:iccrn..i:J•_·tor l:9ht :e.-_·e:,;:ng de-,;ice ~:avi:1g l:t;e P:r-~ str:J::::1.t:re ,·_::" :_:;1:; ;xes,er;t i:-:v,;:-nl:i◊r:, t::1:; :ig:;t r>:-ceh:irig s>:-nsiH'.;i'ty ,_;an be 

impn.1ve(J ~\'ith(J:f! h.1~•\lf::·i~-:q -::he re:-;pnnse speed. 
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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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r AUTHORIZATION FOR INTERNET 

COMMUNICATIONS IN A PATENT 

APPLICATION OR REQUEST TO 

WITHDRAW AUTHORIZATION FOR 

INTERNET COMMUNICATIONS 
\... 

To: Commissioner for Patents 

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

Application No. 

Filing Date 

First Named Inventor 

Art Unit 

Examiner Name 

Practitioner Docket No. 

I. To authorize permission for Internet Communications. 

PTO/SB/439 (11-15) 

18/385,213 

10/30/2023 

Shih-Yuan WANG 

2893 

Eduardo A RODELA 

309-001 SUSCIP 

[i] Recognizing that Internet communications are not secure, I hereby authorize the USPTO to communicate 
with the undersigned and practitioners in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject 

matter of this application via video conferencing, instant messaging, or electronic mail. I understand that a copy 
of these communications will be made of record in the application file. (MPEP 502.03) 

II. To withdraw authorization for Internet Communications. 

D The authorization given on---------~ to the USPTO to communicate with the undersigned 
and any practitioner in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject matter of this 

application via Internet communications such as video conferencing, instant messaging, or electronic mail is 

hereby withdrawn. I understand that the withdrawal is effective when approved rather than when received. 

I am the 

D applicant. 

• f d R . . b 25, 1 61 
~ attorney or agent o recor . egIstratIon num er _____________ _ 

D attorney or agent acting under 37 CFR 1.34. Registration number ____________ _ 

/Ivan Kavrukov/ 03/13/2024 
Signature Date 

Ivan Kavrukov 917-945-0121 
Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Juristic 
entities must be represented by a patent practitioner (see 37 CFR 1.31, which is applicable to any paper filed on or after September 16, 
2012, that is presented on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature 
is required, see below*. 

1 
* Total of _____ forms are submitted. 



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. 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 
disclosure of these records is required by the Freedom of Information Act. 

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 197 4, 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 inspection 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 US PTO becomes aware of a violation or potential violation 
of law or regulation. 
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MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
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PATENT CENTER# 64666121 
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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. 



NUMBER 

18/385,213 

139982 

UNITED STATES PATENT AND TRADEMARK 0FFIGE 

FILING or 
371(c)DATE 

10/30/2023 

GRPART 
UNIT 

2893 
FIL FEE REC'D 

896 

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 

309-0015USCIP 12 1 
CONFIRMATION NO. 7381 

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

I lllll llllllll llll llll llllll~~~~~~~[~[~l~l~~~!~]lll lllll 111111111111111111 

Date Mailed: 03/05/2024 

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&W Sens Devices, Inc., Los Altos, CA; 

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

Domestic Priority data as claimed by applicant 
This application is a CIP of 17/974,325 10/26/2022 PAT 11,830,954 
and is a CIP of 18/113,474 02/23/2023 

which is a DIV of 17/707,429 03/29/2022 PAT 11,621,360 
which is a CIP of 17/182,954 02/23/2021 PAT 11,791,432 
which is a DIV of 16/528,958 08/01/2019 PAT 11,121,271 
which is a CIP of 15/979,821 05/15/2018 PAT 10,624,300 

and said 17/707,429 03/29/2022 is a DIV of 17/532,831 11/22/2021 PAT 11,309,444 
which is a CIP of 17/182,954 02/23/2021 PAT 11,791,432 

and said 16/528,958 08/01/2019 is a CIP of 14/947,718 11/20/2015 PAT 10,622,498 
and is a CIP of PCT/US16/67977 12/21/2016 
and is a CIP of 16/042,535 07/23/2018 PAT 10,700,225 
and is a CIP of 16/296,985 03/08/2019 PAT 10,468,543 
and is a CIP of PCT/US18/43289 07/23/2018 
and is a CIP of PCT/US18/57963 10/29/2018 
and claims benefit of 62/713,455 08/01/2018 
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and claims benefit of 62/716,310 08/08/2018 
and claims benefit of 62/717,750 08/10/2018 
and claims benefit of 62/719,689 08/19/2018 
and claims benefit of 62/724,449 08/29/2018 
and claims benefit of 62/733,476 09/19/2018 
and claims benefit of 62/737,062 09/26/2018 
and claims benefit of 62/750,016 10/24/2018 
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and claims benefit of 62/777, 157 12/09/2018 
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and claims benefit of 62/863,852 06/19/2019 
and claims benefit of 62/867, 186 06/26/2019 
and claims benefit of 62/868,911 06/29/2019 
and claims benefit of 62/870,533 07/03/2019 
and claims benefit of 62/873,891 07/13/2019 
and claims benefit of 62/874,418 07/15/2019 
and said PCT/US18/57963 10/29/2018 is a CON of 15/797,821 10/30/2017 PAT 10,446,700 
and said 15/979,821 05/15/2018 is a CIP of 14/947,718 11/20/2015 PAT 10,622,498 
and is a CIP of 15/309,922 11/09/2016 PAT 9,818,893 
and is a CIP of PCT/US16/67977 12/21/2016 
and claims benefit of 62/465, 734 03/01/2017 
and claims benefit of 62/474,179 03/21/2017 
and claims benefit of 62/484,474 04/12/2017 
and claims benefit of 62/487,606 04/20/2017 
and claims benefit of 62/488,998 04/24/2017 
and claims benefit of 62/500,581 05/03/2017 
and claims benefit of 62/505,97 4 05/14/2017 
and claims benefit of 62/509,093 05/20/2017 
and claims benefit of 62/510,249 05/23/2017 
and claims benefit of 62/514,889 06/04/2017 
and claims benefit of 62/521 ,504 06/18/2017 
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and claims benefit of 62/522, 169 06/20/2017 
and claims benefit of 62/527,962 06/30/2017 
and claims benefit of 62/530,281 07/09/2017 
and claims benefit of 62/533,078 07/16/2017 
and claims benefit of 62/533,603 07/17/2017 
and claims benefit of 62/535,801 07/21/2017 
and claims benefit of 62/540,524 08/02/2017 
and claims benefit of 62/542,243 08/07/2017 
and claims benefit of 62/547,728 08/18/2017 
and claims benefit of 62/553,844 09/02/2017 
and claims benefit of 62/556,426 09/10/2017 
and claims benefit of 62/561 ,869 09/22/2017 
and said PCT/US18/43289 07/23/2018 claims benefit of 62/542,243 08/07/2017 
and claims benefit of 62/535,801 07/21/2017 
and claims benefit of 62/540,524 08/02/2017 
and claims benefit of 62/639,472 03/06/2018 
and claims benefit of 62/628,764 02/09/2018 
and claims benefit of 62/643,010 03/14/2018 
and claims benefit of 62/640,522 03/08/2018 
and claims benefit of 62/599,246 12/15/2017 
and claims benefit of 62/645,810 03/21/2018 
and claims benefit of 62/666,005 05/02/2018 
and claims benefit of 62/556,426 09/10/2017 
and claims benefit of 62/607,860 12/19/2017 
and claims benefit of 62/631,630 02/17/2018 
and claims benefit of 62/677,609 05/29/2018 
and claims benefit of 62/634,692 02/23/2018 
and claims benefit of 62/652,830 04/04/2018 
and claims benefit of 62/891 ,072 08/23/2019 
and claims benefit of 62/639,356 03/06/2018 
and claims benefit of 62/615,314 01/09/2018 
and claims benefit of 62/623,971 01/30/2018 
and claims benefit of 62/561 ,869 09/22/2017 
and claims benefit of 62/637,945 03/02/2018 
and claims benefit of 62/651,053 03/30/2018 
and claims benefit of 62/553,844 09/02/2017 
and claims benefit of 62/682,909 06/09/2018 
and claims benefit of 62/659,072 04/17/2018 
and claims benefit of 62/569,067 10/06/2017 
and claims benefit of 62/669, 194 05/09/2018 
and claims benefit of 62/675, 130 05/22/2018 
and claims benefit of 62/547,728 08/18/2017 
and claims benefit of 62/651,087 03/31/2018 
and claims benefit of 62/646,871 03/22/2018 
and claims benefit of 62/662,217 04/24/2018 
and claims benefit of 62/639,920 03/07/2018 
and claims benefit of 62/633,514 02/21/2018 
and said 16/528,958 08/01/2019 is a CON of 15/797,821 10/30/2017 PAT 10,446,700 
and said 16/042,535 07/23/2018 is a CIP of 15/797,821 10/30/2017 PAT 10,446,700 
and claims benefit of 62/535,801 07/21/2017 
and claims benefit of 62/540,524 08/02/2017 
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and claims benefit of 62/542,243 08/07/2017 
and claims benefit of 62/547,728 08/18/2017 
and claims benefit of 62/553,844 09/02/2017 
and claims benefit of 62/556,426 09/10/2017 
and claims benefit of 62/561 ,869 09/22/2017 
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and claims benefit of 62/599,246 12/15/2017 
and claims benefit of 62/607,860 12/19/2017 
and claims benefit of 62/615,314 01/09/2018 
and claims benefit of 62/623,971 01/30/2018 
and claims benefit of 62/628,764 02/09/2018 
and claims benefit of 62/631,630 02/17/2018 
and claims benefit of 62/633,514 02/21/2018 
and claims benefit of 62/634,692 02/23/2018 
and claims benefit of 62/637,945 03/02/2018 
and claims benefit of 62/639,356 03/06/2018 
and claims benefit of 62/639,472 03/06/2018 
and claims benefit of 62/639,920 03/07/2018 
and claims benefit of 62/640,522 03/08/2018 
and claims benefit of 62/643,010 03/14/2018 
and claims benefit of 62/645,810 03/21/2018 
and claims benefit of 62/646,871 03/22/2018 
and claims benefit of 62/651,053 03/30/2018 
and claims benefit of 62/651,087 03/31/2018 
and claims benefit of 62/652,830 04/04/2018 
and claims benefit of 62/659,067 04/17/2018 
and claims benefit of 62/659,072 04/17/2018 
and claims benefit of 62/662,217 04/24/2018 
and claims benefit of 62/666,005 05/02/2018 
and claims benefit of 62/669, 194 05/09/2018 
and claims benefit of 62/675, 130 05/22/2018 
and claims benefit of 62/677,609 05/29/2018 
and claims benefit of 62/682,909 06/09/2018 
and said PCT/US16/67977 12/21/2016 claims benefit of 62/270,577 12/21/2015 
and claims benefit of 62/304,907 03/07/2016 
and claims benefit of 62/290,391 02/02/2016 
and claims benefit of 62/334,934 05/11/2016 
and claims benefit of 62/338,263 05/18/2016 
and claims benefit of 62/346,850 06/07/2016 
and claims benefit of 62/359,349 07/07/2016 
and claims benefit of 62/366, 188 07/25/2016 
and claims benefit of 62/368, 109 07/28/2016 
and claims benefit of 62/37 4,828 08/13/2016 
and claims benefit of 62/376,869 08/18/2016 
and claims benefit of 62/380,364 08/27/2016 
and claims benefit of 62/383,391 09/03/2016 
and claims benefit of 62/383,479 09/04/2016 
and claims benefit of 62/394,222 09/14/2016 
and claims benefit of 62/398,607 09/23/2016 
and claims benefit of 62/401, 126 09/28/2016 
and claims benefit of 62/406,999 10/12/2016 
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and claims benefit of 62/414,671 10/29/2016 
and claims benefit of 62/415,339 10/31/2016 
and said 15/309,922 11/09/2016 is a 371 of PCT/US15/61120 11/17/2015 
and is a CON of 14/943,89811/17/2015 PAT 9,530,905 
and is a CON of 14/945,00311/18/2015 PAT 9,525,084 

which claims benefit of 62/232,716 09/25/2015 
and claims benefit of 62/213,558 09/02/2015 
and claims benefit of 62/209,311 08/24/2015 
and claims benefit of 62/205,717 08/15/2015 
and claims benefit of 62/199,607 07/31/2015 
and claims benefit of 62/197, 120 07/27/2015 
and claims benefit of 62/188,876 07/06/2015 
and claims benefit of 62/182,602 06/21/2015 
and claims benefit of 62/175,855 06/15/2015 
and claims benefit of 62/17 4,498 06/11/2015 
and claims benefit of 62/171 ,915 06/05/2015 
and claims benefit of 62/157,876 05/06/2015 
and claims benefit of 62/154,675 04/29/2015 
and claims benefit of 62/153,443 04/27/2015 
and claims benefit of 62/139,511 03/27/2015 
and claims benefit of 62/111 ,582 02/03/2015 
and claims benefit of 62/100,025 01/05/2015 
and claims benefit of 62/090,879 12/11/2014 
and claims benefit of 62/081,538 11/18/2014 
and said 14/943,898 11/17/2015 claims benefit of 62/232,716 09/25/2015 
and claims benefit of 62/213,556 09/02/2015 
and claims benefit of 62/209,311 08/24/2015 
and claims benefit of 62/205,717 08/15/2015 
and claims benefit of 62/199,607 07/31/2015 
and claims benefit of 62/197, 120 07/27/2015 
and claims benefit of 62/188,876 07/06/2015 
and claims benefit of 62/182,602 06/21/2015 
and claims benefit of 62/175,855 06/15/2015 
and claims benefit of 62/17 4,498 06/11/2015 
and claims benefit of 62/171 ,915 06/05/2015 
and claims benefit of 62/157,876 05/06/2015 
and claims benefit of 62/154,675 04/29/2015 
and claims benefit of 62/153,443 04/27/2015 
and claims benefit of 62/139,511 03/27/2015 
and claims benefit of 62/111 ,582 02/03/2015 
and claims benefit of 62/100,025 01/05/2015 
and claims benefit of 62/090,879 12/11/2014 
and claims benefit of 62/081,583 11/19/2014 ABN 
and said PCT/US15/61120 11/17/2015 claims benefit of 62/232,716 09/25/2015 
and claims benefit of 62/213,556 09/02/2015 
and claims benefit of 62/209,311 08/24/2015 
and claims benefit of 62/205,717 08/15/2015 
and claims benefit of 62/199,607 07/31/2015 
and claims benefit of 62/197, 120 07/27/2015 
and claims benefit of 62/188,876 07/06/2015 
and claims benefit of 62/182,602 06/21/2015 
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and claims benefit of 62/175,855 06/15/2015 
and claims benefit of 62/17 4,498 06/11/2015 
and claims benefit of 62/171 ,915 06/05/2015 
and claims benefit of 62/157,876 05/06/2015 
and claims benefit of 62/154,675 04/29/2015 
and claims benefit of 62/153,443 04/27/2015 
and claims benefit of 62/139,511 03/27/2015 
and claims benefit of 62/111 ,582 02/03/2015 
and claims benefit of 62/100,025 01/05/2015 
and claims benefit of 62/090,879 12/11/2014 
and claims benefit of 62/081,538 11/18/2014 
and said 14/947,71811/20/2015 is a CON of PCT/US14/39208 05/22/2014 

which claims benefit of 61 /826,446 05/22/2013 
and claims benefit of 61 /843,021 07/04/2013 
and claims benefit of 61/905,109 11/15/2013 
and claims benefit of 61 /834,873 06/13/2013 

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 

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: 11/14/2023 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 18/385,213 
Projected Publication Date: 02/22/2024 
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 
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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 US PTO 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 
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 
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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 
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 0FFIGE 
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 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

18/385,213 10/30/2023 

139982 

Shih-Yuan WANG 309-0015USCIP 
CONFIRMATION NO. 7381 

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

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000069149536* 

Date Mailed: 03/05/2024 

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT 
Continuity, Priority Claims, Petitions, and Non-Publication Requests 

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request 
because: 

• One or more of the benefit claims under 35 U.S.C. § 120 cannot be included on the Filing Receipt since 
applicant did not specify whether the application is a continuation, divisional or continuation-in-part 
of the prior application. Applicant must submit a new application data sheet (ADS) that sets forth the 
relationship, and the ADS must be accompanied by a petition under 37 CFR 1.78 if filed after the time 
period set forth in 37 CFR 1.78. 

/hteffera/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PATENT 
3 09-00 l 5USCIP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Serial No.: 

Filing Date: 

Examiner: 

Art Unit: 

Confirmation No.: 

For: 

Shih-Yuan WANG 

18/385,213 

October 30, 2023 

Eduardo A Rodela 

2893 

7381 

MICROSTRUCTURE ENHANCED ABSORPTION 
PHOTOSENSITIVE DEVICES 

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

CERTIFICATE OF ELECTRONIC FILING 

Date of Transmission: ~F~e=bru=ary=-'-'2=9~, 2=0=24~------­

I hereby certify that this correspondence is being transmitted via 
Electronic Filing Services on the date indicated above. 

Mary Ellen Finnegan 
(Typed or printed name of person signing transmittal) 

/Mary Ellen Finnegan/ 
(Signature of person signing transmittal) 

COMMUNICATION IN RESPONSE TO REQUEST FOR 
CORRECTED FILING RECEIPT 

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

Sir: 

This is in response to the Response to Request for Corrected Filing Receipt mailed November 

16, 2023. The Application Data Sheet that was submitted with the application on October 30, 2023, 

incorrectly lists some priority claims. Applicant hereby submits a Corrected Application Data Sheet 

to correct the priority claim in the Domestic Claims Benefit Section of the ADS. 

-1-



PATENT 
3 09-00 l 5USCIP 

Correction of the ADS and issuance of a corrected Filing Receipt application is earnestly 

solicited. 

-2-

Respectfully Submitted, 

WISSING MILLER LLP 
Attorney for Applicants 

/Ivan S. Kavrukov/ 

Ivan S. Kavrukov 
Registration No. 25,161 
Attorney for Applicant 



PTOIAIA/14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 309-001 SUSC!P 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document 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 !J Rijmpvi rl 
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 ResidencJ I us 

Mailing Address of Inventor: 

Address 1 766 Encina Grande Drive 

Address 2 

City I Palo Alto I State/Province I CA 

Postal Code I 94306 I Countryi I us 

Inventor 2 ! gifoiefi r l 
Legal Name 

Prefix 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 State/Province I CA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 38 Third Street. Suite 307 

Address 2 

City I Los Altos I State/Province I CA 

Postal Code I 90422 I Countryi I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be It 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 2.2.13 

A~i ml 

Suffix 

Suffix 



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 309-0015USCIP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

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

Customer Number 139982 

Email Address wmdocket@wissingmiller.com 

Application Information: 

Title of the Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Attorney Docket Number 309-0015USCIP I Small Entity Status Claimed ~ 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 48 I Suggested Figure for Publication (if any) I 5B 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR l .57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR l .53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) 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 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 Information during processing. 

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

Customer Number 139982 

EFS Web 2.2.13 



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 56 7-0002U SD 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention STORAGE CONTAINER FOR VEHICLE 

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 Patented P-ei'%t1\9-§ [Rfm§i#] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

18385213 Continuation in i;iart of 17974325 2022-10-26 11830954 2023-11-28 

Prior Application Status P-sf-¼lif-lg Patented [Rfm§i#] 
Filing or 371 (c) Date 

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

18385213 Continuation in i;iart of 18113474 2023-02-23 

Prior Application Status Patented FRim@W] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

18113474 Division of 17707429 2022-03-29 11621360 2023-04-04 

Prior Application Status Patented hRiiiWij 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY -MM-DD) 
Patent Number (YYYY-MM-DD) 

17707429 Continuation in part of 17182954 2021-02-23 11791432 2023-10-17 

Prior Application Status Patented IRiffi9xil 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY -MM-DD) 
Patent Number (YYYY-MM-DD) 

17182954 Division of 16528958 2019-08-01 11121271 2021-09-14 

Prior Application Status Patented IRiffi9xi I 

Application Prior Application Filing Date Issue Date 
Number 

Continuity Type 
Number (YYYY -MM-DD) 

Patent Number (YYYY-MM-DD) 

16528958 Continuation in part of 15797821 2017-10-30 10446700 2019-10-15 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

EFS Web 2.2.13 



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 309-0015USCIP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

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 Patented [Rfm§i#] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD} Patent Number (YYYY-MM-DD} 

18113474 Division of 17/707429 2022-03-29 11621360 2023-04-04 

Prior Application Status Patented [Rfm§i#] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD} 
Patent Number (YYYY-MM-DD} 

17/707429 Division of 17/532831 2021-11-22 11309444 2022-04-19 

Prior Application Status Patented f?em!ing I R1foi%%] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD} 
Patent Number (YYYY-MM-DD) 

17/532831 Continuation in 12art of 17182954 2021-02-23 11791432 2023-10-17 

Prior Application Status Patented FRim@W] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD} 
Patent Number (YYYY-MM-DD) 

17/182954 Division of 16/528958 2019-08-01 11121271 2021-09-14 

Prior Application Status Patented FRim@W] 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD} 
Patent Number (YYYY-MM-DD) 

16/528958 Continuation in part of 14/947718 2015-11-20 10622498 2020-03-25 

Prior Application Status Expired I R1M9x~ I 

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

16/528958 Continuation in part of PCT /US 16/67977 2016-12-21 

Prior Application Status Patented IRim§'M I 

Application Prior Application Filing Date Issue Date 
Number 

Continuity Type 
Number (YYYY-MM-DD) 

Patent Number (YYYY-MM-DD) 

16/528958 Continuation in part of 15/797821 2017-10-20 10446700 2019-09-25 

Prior Application Status Patented f?el¾lin-g IRim§'M I 

Application Prior Application Filing Date Issue Date 
Number 

Continuity Type 
Number (YYYY-MM-DD) 

Patent Number (YYYY-MM-DD) 

16/528958 Continuation in 12art of 16/042535 2018-07-23 10700225 2.020-0-6-W 2020 

Prior Application Status Patented [RiMBiJ 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/528958 Continuation in part of 16/296985 2019-03-08 10468543 2019-10-16 

EFS Web 2.2.13 

06-30 



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 309-0015USCIP 
Application Data Sheet 37 CFR 1.76 
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14/943898 Claims benefit of provisional 62/090879 2014-12-11 
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Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status Expired I Riffi§'.ffi\) 
Filing or 371 (c) Date 

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

14/943898 Claims benefit of provisional 62/081538 2014-11-18 

Prior Application Status Expired [Rim§tiJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/232716 2015-09-25 

Prior Application Status Expired IRifu9xi I 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/213556 2015-09-02 

Prior Application Status Expired lfflifu§idl 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/209311 2015-08-24 

Prior Application Status Expired [RiMBiJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/205717 2015-08-15 

Prior Application Status Expired IRiffi9mJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/199607 2015-07-31 

Prior Application Status Expired IRiffi9W I 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/197120 2015-07-27 

Prior Application Status Expired I Rim§'.@ I 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/188876 2015-07-06 

Prior Application Status Expired [Rfffi§i#] 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/182602 2015-06-21 
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Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status Expired I Riffi§'.ffi\) 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/175855 2015-06-15 

Prior Application Status Expired [Rim§tiJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/174498 2015-06-11 

Prior Application Status Expired IRifu9xi I 
Filing or 371 (c) Date 

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

PCT/US 15/61120 Claims benefit of provisional 62/171915 2015-06-05 

Prior Application Status Expired lfflifu§idl 
Filing or 371 (c) Date 

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

PCT/US 15/61120 Claims benefit of provisional 62/157876 2015-05-06 

Prior Application Status Expired [RiMBiJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/154675 2015-04-29 

Prior Application Status Expired IRiffi9mJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/153443 2015-04-27 

Prior Application Status Expired IRiffi9W I 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/139511 2015-03-27 

Prior Application Status Expired I Rim§'.@ I 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/111582 2015-02-03 

Prior Application Status Expired [Rfffi§i#] 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/100025 2015-01-05 
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Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status Expired I Riffi§'.ffi\) 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/090879 2014-12-11 

Prior Application Status Expired [Rim§tiJ 
Filing or 371 (c) Date 

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

PCT/US15/61120 Claims benefit of provisional 62/081538 2014-11-18 

Prior Application Status PeHd-.iflg Expired IRifu9xi I 
Filing or 371 (c) Date 

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

14/947718 Continuation of PCT /US 14/39208 2014-05-22 

Prior Application Status Expired lfflifu§idl 
Filing or 371 (c) Date 

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

PCT /US 14/39208 Claims benefit of provisional 61/826446 2013-05-22 

Prior Application Status Expired [RiMBiJ 
Filing or 371 (c) Date 

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

PCT /US 14/39208 Claims benefit of provisional 61/843021 2013-07-04 

Prior Application Status Expired IRiffi9mJ 
Filing or 371 (c) Date 

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

PCT /US 14/39208 Claims benefit of provisional 61/905109 2013-11-15 

Prior Application Status Expired IRiffi9W I 
Filing or 371 (c) Date 

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

PCT /US 14/39208 Claims benefit of provisional 61/834873 2013-06-13 

Prior Application Status P-e.ooing Expired I Rim§'.@ I 
Filing or 371 (c) Date 

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

14/892821 a 371 of international PCT/US 14/39208 2014-05-22 

Prior Application Status Expired [Rfffi§i#] 
Filing or 371 (c) Date 

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

PCT/US14/39208 Claims benefit of provisional 61/826446 2013-05-22 
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Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Prior Application Status Expired I Riffi§'.ffi\) 
Filing or 371 (c) Date 

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

PCT /US 14/39208 Claims benefit of provisional 61/843021 2013-07-04 

Prior Application Status Expired [Rim§tiJ 
Filing or 371 (c) Date 

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

PCT/US 14/39208 Claims benefit of provisional 61/905109 2013-11-15 

Prior Application Status Expired IRifu9xi I 

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

PCT/US 14/39208 Claims benefit of provisional 61/834873 2013-06-13 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

1Rifu9@\I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before 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. 
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Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION 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 opt-out 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 PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European 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 Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned herebv grants the USPTO authority 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 is 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 DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. 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 NOT 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 otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.13 



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 309-0015USCIP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Applicant 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 the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), 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 1.46. 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. I @1iji ]] 

@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

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

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I W&W Sens 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 by 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 the Office. 
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Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Assignee 1 

Complete this section if assignee information, including non-applicant 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 here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I 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 INITIAi,, filing of the application and either box A or B is not 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., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

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

Signature /Ivan S. Kavrukov/ Date (YYYY-MM-DD) 20-2~-tQ...W 
2024-02-29 

First Name Ivan S. I Last Name I Kavrukov Registration Number 25,161 

Additional Signature may be generated within this form by selecting the Add button. 
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Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

This collection of information is required by 37 CFR 1. 76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet 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 0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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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. 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: 

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 !aw enforcement agency, if the US PTO becomes 
aware of a violation or potential violation of law or regulation. 
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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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Title:MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Publication No.US-2024-0063317-A1 
Publication Date:02/22/2024 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
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DETAILED ACTION 

Pagel 

This correspondence is in response to the communications received October 30, 2023. 

Claims 1-12 are pending. This application has been granted expedited examination status on 

December 8, 2023. 

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 

It is acknowledged that this application is a continuation of several US applications 

including 14/947,718 (now US 10,622,498) which has priority benefit of at least Provisional 

applications 61/905,109 (with date November 15, 2013) and 61/843,021 (with date July 4, 2013). 

The effective filing date is the earliest of the supported parent applications which appears to be 

the provisional application 61/843,021, dated July 4, 2013. 

Claim Objections 

Claim 1 is objected to because of the following informalities: In the recitation, "parts of 

at least two of the holes overlap such that at a surf ace of each of said pillars each of the at least 

to holes has a portion that overlaps with another of said at least two holes and a portion that does 
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not". The limitation of "at least two of the holes" as a label is seemingly repeated three times, 

but referred to with variations of "at least to holes" and "at least two holes" appear to inject a 

degree of confusion as to whether or not the same feature is being referred to. It is assumed that 

the same feature is being referred to, but a consistent label would prevent any confusion. 

Appropriate correction is required. 

Claim Rejections - 35 USC§ 112 

The following is a quotation of the first paragraph of 35 U.S.C. l 12(a): 

(a) IN GENERAL.-The specification shall contain a written description of the invention, and 
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor 
of carrying out the invention. 

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and 
process of making and using it, in such full, clear, concise, and exact terms as to enable any person 
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the 
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention. 

Claim 1 and the claims that depend therefrom are rejected under 35 U.S.C. 112(a) or 

35 U.S.C. 112 (pre-AIA), first paragraph, as failing to comply with the written description 

requirement. The claim(s) contains subject matter which was not described in the specification in 

such a way as to reasonably convey to one skilled in the relevant art that the inventor or a joint 

inventor, or for applications subject to pre-AIA 35 U.S.C. 112, the inventor(s), at the time the 

application was filed, had possession of the claimed invention. 



Application/Control Number: 18/385,213 
Art Unit: 2893 

Page4 

The claim 1 recitation, "parts of at least two of the holes overlap such that at a surf ace of 

each of said pillars each of the at least to holes has a portion that overlaps with another of said at 

least two holes and a portion that does not; 

said at least two holes that overlap thereby form a depression in said surface that 

comprises a portion of only one of said two or more holes and a portion at which two of said two 

or more holes overlap", lacks support in the disclosure. It is unclear what all is entailed with 

regard to the "overlap". 

In Applicant's specification, the term "overlap" or "overlapping" are contained within 

paragraphs 0195 ("overlap" with regard to "spacing between adjacent microstructure 

structures"), 0202 ("overlap" with regard to "spacing between adjacent microstructure 

structures"), 0216 ("overlap" with regard to "voids"), 0230 ("overlap" with regard to "voids"), 

0233 ("overlap" with regard to "microstructured pillars"), 0235 ("overlap" with regard to 

"spacing between adjacent microstructures", 0256 ("overlap" with regard to "microstructure ... 

distribution"), 0266 ("overlap" with regard to "optical field"), and 0269 ("overlap" with regard 

to "voids"). Each of the locations in the specification that discuss overlap, do not fully support 

the claim limitations as they do not clarify the meaning of what is being claimed. 

The most pertinent portion appears to be in<][ 0216, "FIG. 28 is a cross section showing 

microstructured voids buried or embedded in Si with a Si capping p+ anode layer 2826, 

according to some embodiments. The buried voids 2800 can be uniformly spaced, or with 

chirped spacing, or any complex patterns with a combination of periodic and aperiodic spacing 

or it can be random or pseudo-random. The buried voids 2800 can have a length ranging 
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approximately from 0.1 to 10 micrometers and lateral dimension ranging from 10-5000 nm. The 

voids can also be overlapping one another. Although FIG. 28 shows buried voids in Si, 

according to some embodiments buried voids can be formed in Ge. For example, in a Ge 

epitaxial layer on Si, or any other semiconductors, such as lnP, GaAs, lnGaAs, GaN, lnGaN, 

lnGaAsP, and other semiconductors in the 111-V material family. The voids can be non-uniform 

is size and shape within the void and adjacent voids. The voids may also have nonuniform 

spacing and/or orientation. However, with proper process control uniformity in size and shape, 

patterning, random and pseudo-random placements of the voids can be attained. For simplicity 

the voids are shown to be uniform." 

So from Examiner's understanding of this disclosure, if the voids are of different sizes or 

in different positions, there would be an orientation where when viewed along one direction, 

there would be overlap between two voids in pillars, and in another direction, there could be no 

overlap. Seemingly this arrangement would be satisfied by a showing of art which has voids in 

pillars that are not uniformly shaped or oriented. For purposes of examination, the above 

recitation will be interpreted in this manner. This however is just a guess by Examiner based 

upon the disclosure not fully supporting what is written in the highlighted limitation. 

The following is a quotation of 35 U.S.C. 112(b ): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly pointing 
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the 
invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 
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Claim 1 and the claims that depend therefrom are rejected under 35 U.S.C. l 12(b) or 

35 U.S.C. 112 (pre-AIA), second paragraph, as being indefinite for failing to particularly point 

out and distinctly claim the subject matter which the inventor or a joint inventor ( or for 

applications subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention. It is 

unclear from the claim language which embodiment is being referred to, and thus the claim is 

rendered indefinite. The only embodiments which contain both "plural pillars of semiconductor 

material" and "deliberately formed holes into said pillars, filled at least partly with solid 

dielectric material" are the embodiments of Figs. 31 and 32, hereinafter referred to as the "pillar 

hole embodiment" (PHE). The PHE as claimed are further rendered indefinite as they lack any 

of the claim 1 limitations, 

A. "parts of at least two of the holes overlap such that at a surf ace of each of said pillars 

each of the at least to holes has a portion that overlaps with another of said at least two holes and 

a portion that does not; 

said at least two holes that overlap thereby form a depression in said surface that 

comprises a portion of only one of said two or more holes and a portion at which two of said two 

or more holes overlap", (the term "depression" in this limitation itself renders the claim 

indefinite as it is unclear in the PHE how the voids/holes "form a depression in said surface") 

B. "side-isolation comprising solid material at sides of said pillars", 

C. "a base dielectric region under the pillars that comprises solid dielectric material". 

As such it is unclear what the metes and bounds of the light sensor array of pillars of 

claim 1 are being set forth. 
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Hsu et al. (US 7,525,170) Fig. IA, 3G, 4G, shown below. This reference shows plural 

light sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling. 
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FIG.4G 

Dutta (US 8,357,960) Fig. 3A, shown below. This reference shows plural light sensitive 

pillars, but are lacking the holes formed in the pillars with dielectric filling. 

FB!erlayer 

FIG.3A 

Sung (US 11,728,457) Fig. 2, shown below, with dielectric sleeves 30f. This reference 

shows plural light sensitive pillars, but are lacking the holes formed in the pillars with dielectric 

filling. 



Application/Control Number: 18/385,213 
Art Unit: 2893 

Page 9 

Dutta (US 9,184,202) Fig. 34F shown below. This reference shows plural light sensitive 

pillars, but are lacking the holes formed in the pillars with dielectric filling. 
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Kim et al. (US 7,396,696) Fig. la shown below. This reference shows plural light 

sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling. 
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Yu et al. (US 8,946,675) Fig. la, shown below. This reference shows plural light 

sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling. 
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Cho et al. (US 8,129,710) Fig. 3, shown below. This reference shows plural light 

sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling. 

FIG. 3 

Page 11 

Wagner et al. (US 6,879,014) Fig. 9 shown below. This reference shows plural light 

sensitive pillars, but are lacking the holes formed in the pillars with dielectric filling. 

FIG. 9 
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Jin et al. (US 2018/0182806) Figs. 2, shown below, where there are individual pixel 

elements which have hole elements 35, <][ 0052, "A light splitter 35". This reference could be 

combined in a rejection of claim 1 content PHE, but lacks the claim language centered around 

the limitations of the hole/void "overlap" aspects. 
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Wu et al. (US 11,211,419) Fig. IA, shown below, is a light sensing array with pillar like 

cells which have voids/holes with dielectric fill, see elements 112, "absorption enhancement 

structures 112", col. 4, line 32. This reference could be combined in a rejection of claim 1 

content PHE, but lacks the claim language centered around the limitations of the hole/void 

"overlap" aspects. 
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It is noted that this comparison is merely for the benefit of reviewers of this office action 

during prosecution, to allow for an understanding of the examiner's interpretation of the 

Applicant's independent claims as compared to disclosed embodiments in Applicant's Figures. 

No response or comments are necessary from Applicant. 
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Regarding claim 1, the Applicant discloses in Fig. 31 and 32, an integrated, single-chip 

structure of plural pillars of semiconductor material (3200) formed as respective 

photodetectors configured to generate electrical signals in response to illumination with light 

including light in the infrared and/or near infrared spectrum, said structure comprising: 

deliberately formed holes into said pillars (3202), filled at least partly with solid 

dielectric material: 
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parts of at least two of the holes overlap such that at a surface of each of said pillars each 

of the at least to holes has a portion that overlaps with another of said at least two holes and a 

portion that does not (it is unclear where and how this limitation relates to the PHE); 

said at least two holes that overlap thereby form a depression in said surface that 

comprises a portion of only one of said two or more holes and a portion at which two of said two 

or more holes overlap (it is unclear where and how this limitation relates to the PHE), and 

said two or more holes have: depths in the range of 100-10000 nm from said surf ace, and 

widths in the range of 100-2000 or 100-5000 nm along said surface in at least one direction; 

side-isolation comprising solid material at sides of said pillars (it is unclear where and 

how this limitation relates to the PHE); and 

a base dielectric region under the pillars that comprises solid dielectric material (it is 

unclear where and how this limitation relates to the PHE): 

wherein said pillars are configured to receive said light directly or through other 

materials; and 
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efficiency (EQE) of the pillars to illumination with said light relative to an otherwise same pillars 

lacking said holes (it is unclear where and how this limitation relates to the PHE). 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

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. Visithttps://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) 
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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 
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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; 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; 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) 

Default Plurals 
Pperator 
OR ON 

OR ON 

OR ON 

AND ON 

British rl"ime Stamp 
Equivalents 
ON 

ON 

ON 

ON 

2023/12/28 
04:00 PM 

2023/12/28 
04:01 PM 

2023/12/28 
04:04 PM 

2023/12/28 
04:08 PM 
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ER 



L11 4374 

L12 4773380 

L13 2 

L14 12 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

(pillar OR column) 
WITH ((P-I-N OR PIN) 
near3 (diode OR (light 
NEAR emitting NEAR 
diode) OR LED)) 

(pillar OR column) 
WITH (void OR gap OR 
cavity OR crevice OR 
hole) 

"10622498".pn. 

(@rlpd<="20130704" 
OR 
@rlad<="20130704" 
OR @pd<="20130704" 
OR @ad<="20130704") 
AND L 12 AND L 11 
AND L1 

(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) 

(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; 
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, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/12/28 
04:30 PM 

2023/12/28 
04:31 PM 

2023/12/28 
04:46 PM 

2023/12/28 
04:51 PM 

Page 2 of 10 
ER 



L15 10 

L16 1 

L17 41 

L18 13 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

("11309444" I 
"20100320444" I 
"20110156195" I 
"20110309331" I 
"20120012741" I 
"20120153127" I 
"20180012918" I 
"20180102442" I 
"20180182806" I 
"20190166317").pn. OR 
("11621360").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

"7525170".pn. 

(Artificial Intelligence) 
More like doc: 
US-7525170-B2 
Text: 
(US-20080083963-A 1 
OR CN-101159277-A 
OR CN-1 00568516-C 
OR EP-2747154-B1 OR 
WO-2012054436-A1 
OR EP-2717322-A1 OR 
US-20140166100-A 1 
OR CN-1 03415929-B 
OR CN-1 03415929-A 
OR WO-2012160662-
A1 OR JP-
WO2012160662-A1 OR 
TW-202147598-A OR 
US-9257583-B2 OR 
CN-103548149-A OR 
JP-5808400-B2 OR 
TW-I466307-B OR CN-
103348486-B OR CN-
103348486-A OR WO-
2013009615-A 1 OR 
US-20130009265-
A1).did. 

("4827114" I "5055894" 
I "6111305" I "6177289" 
I "6300648" I "6451702" 
I "6538299" I 
"6707126").pn. OR 
("7525170").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

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-PG PUB; USPAT; 
USOCR) 

(US-PG PUB; USPAT; 
USOCR) 

(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-PG PUB; USPAT; 
USOCR) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/12/28 
05:09 PM 

2023/12/28 
05:16 PM 

2023/12/28 
05:20 PM 

2023/12/28 
05:23 PM 
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L19 124019 

L20 188297 

L21 12 

L22 437 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

H01 L27/1446, 146, 1460 
7, 14625,14643, 14649.c 
pc. OR 
H01 L31/02027,02327,0 
2363,035281,09, 107, 10 
5.pn. 

L 1 OR L 19 

(@rlpd<="20130704" 
OR 
@rlad<="20130704" 
OR @pd<="20130704" 
OR @ad<="20130704") 
AND L 12 AND L 11 
AND L20 

(@rlpd<="20130704" 
OR 
@rlad<="20130704" 
OR @pd<="20130704" 
OR @ad<="20130704") 
AND (L 12 SAME L 11 ) 

(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) 

(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, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/12/28 
05:37 PM 

2023/12/28 
05:37 PM 

2023/12/28 
05:37 PM 

2023/12/28 
05:38 PM 
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L23 10 

L24 60 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

("11309444" I 
"20100320444" I 
"20110156195" I 
"20110309331" I 
"20120012741" I 
"20120153127" I 
"20180012918" I 
"20180102442" I 
"20180182806" I 
"20190166317").pn. OR 
("11621360").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4571559" "4637129" 
"4716449" "5451767" 
"5457327" "5625636" 
"5757057" "5886374" 
"6027956" "6177289" 
"6667528" "7115971" 
"7397101" "7495306" 
"7601597" "7674563" 
"7772615" "7795064" 
"7893348" "7898052" 
"7972934" "8114695" 
"8129710" "8436370" 
"20050092925 I 
20050184354" 

"20070092192" 
"20070190434" 
"2008004 7604" 
"20080102582" 
"200802187 40" 
"20080229941" 
"20080248608" 
"20080265449" 
"20090188557" 
"20090267049" 
"20100029067" 
"20100126548" 
"20100193768" 
"20100197068" 
"20100221866" 
"20100313941" 
"20120193676" 
"20120292676" 
"20130207222" 
"20140001528" 
"20150041965" 
"20160225631 ").pn. OR 
("9496435").urpn. AND 

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-PG PUB; USPAT; 
USOCR) 

(US-PG PUB; USPAT; 
USOCR) 

OR ON ON 

OR ON ON 

2023/12/28 
05:40 PM 

2023/12/28 
05:41 PM 
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L25 113 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

(PGPB I USPT I 
USOC).dbnm. 

("4292512" "4571559" 
"4637129" "4716449" 
"4814847" "5244749" 
"5451767" "5457327" 
"5525828" "5625636" 
"5757057" "5886374" 
"6027956" "6177289" 
"6392282" "6406984" 
"6667528" "6724798" 
"6845034" "6879014" 
"7115971" "7161220" 
"7251386" "7340709" 
"7397101" "7495306" 
"7601597" "7605406" 
"7674563" "7772615" 
"7795064" "7893348" 
"7898052" "7972934" 
"7977637" "8114695" 
"8129710" "8319241" 
"8357960" "8436370" 
"8728847" "9045418" 
"9360554" "9496435" 
"9525084" "9530905" 
"9818893" 
20020097962" 

"20030059820" 
"2003012221 O" 
"20040222357" 
"20050092925" 
"20050184354" 
"20060186501" 
"20060267054" 
"20070092192" 
"20070134840" 
"20070170536" 
"20070190434" 
"20070215968" 
"20070277869" 
"20080006891" 
"2008004 7604" 
"20080079022" 
"20080080854" 
"200802187 40" 
"20080229941" 
"20080248608" 
"20080265449" 
"20090008735" 
"20090188557" 
"20090225804" 
"20090230498" 
"20090267049" 
"20090321868" 
"20100029067" 
"20100059789" 
"20100059822" 
"20100126548" 

(US-PG PUB; USPAT; OR ON 
USOCR) 

ON 2023/12/28 
05:42 PM 
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ER 



L26 29 

L27 22 

L28 47 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

"20100148318" 
"20100193017" 
"20100193768" 
"20100197068" 
"20100221866" 
"20100288341" 
"20100308428" 
"20100313941" 
"20110000545" 
"20110255046" 
"20120112165" 
"20120141122" 
"20120153260" 
"20120193676" 
"20120279553" 
"20120292676" 
"20130009265" 
"20130084044" 
"20130114629" 
"20130207222" 
"20130230272" 
"20140001528" 
"20140167107'' 
"20140225063" 
"20140263975" 
"20150041965" 
"20150054997" 
"20150340538" 
"20160225631" 
"20160240718").pn. OR 
("10622498").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4814847" I "5266814" 
I "6667528" I "7015139" 
I "7132677" I "7183127" 
I "20050255581" I 
"20070158661" I 
"20010210349" I 
"20080105296").pn. OR 
("8357960").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

("3890161" I "4990988" 
I "5581091" I "6027796" 
I "6602620" I "6946597" 
I "20040033339" I 
"20040043208" I 
"20040048092" I 
"20040144985" I 
"20050032226" I 
"20050053773").pn. OR 
("7183127").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

("6635494" I "6773616" 
I "6773946" I "6791105" 

(US-PG PUB; USPAT; OR ON 
USOCR) 

(US-PG PUB; USPAT; OR ON 
USOCR) 

(US-PG PUB; USPAT; OR ON 
USOCR) 

ON 

ON 

ON 

2023/12/28 
05:47 PM 

2023/12/28 
05:54 PM 

2023/12/28 
06:51 PM 
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ER 



L29 25 

L30 39 

L31 22 

L32 40 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

I "6882051" I "6996147" 
I "7015139" I "7183127" 
I "20030209716" I 
"20040109666" I 
"20040127130" I 
"20040144985" I 
"20050006754" I 
"20050082543").pn. OR 
("7396696").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

("20060177660" I 
"20060289761" I 
"20010111493" I 
"20070292080").pn. OR 
("8129710").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-8129710-B2 
Text: 
(US-20090267049-A 1 
OR US-20090179192-
A 1 OR US-8148800-B2 
OR JP-2013508965-A 
OR JP-5903383-B2 OR 
CN-105594000-B OR 
CN-105594000-A OR 
KR-20160064109-A OR 
WO-2010027322-A1 
OR EP-2321856-A1 OR 
JP-2012502466-A OR 
US-20110180894-A1 
OR US-8692301-B2 OR 
JP-2010514207-A OR 
CN-107210350-A OR 
CN-107210350-B OR 
CN-102473802-A OR 
WO-2022040780-A1 
OR EP-4205186-A1 OR 
WO-2014011202-
A2).did. 

("3990059" I "4875084" 
I "5285078" I "5318676" 
I "5525828" I "5696629" 
I "5942771" I "6177289" 
I "6265823" I "6451702" 
I "6683367" I 
"20030094664" I 
"20040038503").pn. OR 
("7161220").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 

(US-PG PUB; USPAT; 
USOCR) 

(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-PG PUB; USPAT; 
USOCR) 

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

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/12/29 
10:12 AM 

2023/12/29 
10:13 AM 

2023/12/29 
10:37 AM 

2023/12/29 
10:38 AM 
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L33 13 

L34 75 

L35 1 

L36 1 

L37 37 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

US-7161220-B2 
Text: 
(US-20060118894-A 1 
OR US-7022544-B2 OR 
US-20040119093-A 1 
OR KR-20040054490-A 
OR TW-I252591-B OR 
KR-100558803-B1 OR 
JP-38724 73-B2 OR JP-
2004200685-A OR CN-
1278431-C OR CN-
1508885-A OR TW-
200419817-A OR KR-
20160039150-A OR 
EP-3000134-A2 OR 
CN-114188426-A OR 
CN-114188426-B OR 
EP-3000134-B1 OR 
KR-102358584-B1 OR 
CA-2493465-C OR CN-
10684 7958-A OR EP-
1258927-A 1).did. 

("3990059" I "4875084" 
I "5285078" I "5318676" 
I "5525828" I "5696629" 
I "6177289" I "6265823" 
I "6451702" I "6683367" 
I "20030094664").pn. 
OR ("7022544").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4885622" I "5162239" 
I "5185272" I "5528071" 
I "5539848" I "5599403" 
I "5742630" I "5751757'' 
I "5767712" 1 "5790255" 
I "5942050" I "5953355" 
I "6037644").pn. OR 
("6879014").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

"11309444".pn. 

"20180182806" 

(Artificial Intelligence) 
More like doc: 
US-20180182806-A 1 
Text: 
(US-10050078-B2 OR 
CN-108257985-A OR 
KR-20180077393-A OR 
US-20230307 482-A 1 
OR JP-6441711-B2 OR 
KR-20230138186-A OR 
US-20230136919-A1 

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-PG PUB; USPAT; 
USOCR) 

(US-PG PUB; USPAT; 
USOCR) 

(USPAT) 

(US-PG PUB) 

(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, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/12/29 
10:39 AM 

2023/12/29 
11 :57 AM 

2023/12/29 
02:56 PM 

2023/12/29 
03:00 PM 

2023/12/30 
09:25 AM 
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ER 



OR US-20220109014- RS, SE, SG, SI, SK, 
A1 OR US- TH, TN, TR, TW, UA, 
20210335862-A 1 OR VN); FPRS; EPO; 
JP-2023036529-A OR JPO; DERWENT; 
KR-20220147503-A OR IBM_TDB) 
KR-20230033963-A OR 
CN-104282703-A OR 
US-20220020804-A 1 
OR US-10651225-B2 
OR US-20220045117-
A 1 OR US-11158664-
B2 OR US-11764248-
B2 OR US-
20220149101-A1 OR 
KR-20210053152-
A).did. 

L38 5 ("2018/0182806").urpn. (US-PG PUB; USPAT; 
AND(PGPBIUSPTI USOCR) 
USOC).dbnm. 

PE2E SEARCH - Search History (Interference) 

There are no Interference searches to show. 

12/30/2023 10:34:29 AM 
Workspace: 18385213 

OR ON ON 2023/12/30 
10:21 AM 
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Wissing Miller LLP 
Industrious at Hudson Yards 
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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 

...................................................................................................................................................................................................................... 

In re Application of 
W&W Sens Devices, Inc. 
Application No. 18/385,213 
Filed: October 30, 2023 
For: MICROSTRUCTURE ENHANCED 
ABSORPTION PHOTOSENSITIVE 
DEVICES 

Commissioner for Patents 
United States Patent and Trademark Office 

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

www.uspto.gov 

DECISION ON PETITION 

This is a decision on the petition under 37 CPR 1.102(c )(1), filed October 30, 2023, to make the 
above-identified application special based on applicant's age as set forth in MPEP § 708.02, 
Section II. 

The petition is GRANTED. 

A grantable petition to make an application special under 37 CPR 1.102(c)(l) andMPEP 
§ 708.02, Section II: Applicant's Age, must be accompanied by evidence showing that the 
applicant is 65 years of age, or more, such as applicant's statement or a statement from a 
registered practitioner that he or she has evidence that the applicant is 65 years of age or older. 
No fee is required. 

The instant petition includes a statement from the inventor declaring that he is 65 years of age or 
older. Accordingly, the above-identified application has been accorded "special" status. 

Telephone inquiries concerning this decision should be directed to Terri Johnson at 571-272-
2991. All other inquiries concerning either the examination or status of the application should be 
directed to the Technology Center. 

/TERRI S JOHNSON/ 
Paralegal Specialist, OPET 



NUMBER 

18/385,213 

139982 

UNITED STATES PATENT AND TRADEMARK 0FFIGE 

FILING or 
371(c)DATE 

10/30/2023 

GRPART 
UNIT FIL FEE REC'D 

896 

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 

309-0015USCIP 12 1 
CONFIRMATION NO. 7381 

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

I lllll llllllll llll llll llllll~~~~~~~[~[ijl~~~~~]lll lllll 111111111111111111 

Date Mailed: 11/16/2023 

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&W Sens Devices, Inc., Los Altos, CA; 

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

Domestic Priority data as claimed by applicant 
This application is a CIP of 17/974,325 10/26/2022 PAT 11,830,954 
and is a CIP of 18/113,474 02/23/2023 

which is a DIV of 17/707,429 03/29/2022 PAT 11,621,360 
which is a DIV of 17/532,831 11/22/2021 PAT 11,309,444 
which is a CIP of 17/182,954 02/23/2021 PAT 11,791,432 
which is a DIV of 16/528,958 08/01/2019 PAT 11,121,271 
which is a CIP of 14/947,718 11/20/2015 PAT 10,622,498 

and is a CIP of PCT/US16/67977 12/21/2016 
and is a CIP of 15/797,821 10/30/2017 PAT 10,446,700 * 
and is a CIP of 16/042,535 07/23/2018 PAT 10,700,225 
and is a CIP of 16/296,985 03/08/2019 PAT 10,468,543 
and is a CIP of PCT/US18/43289 07/23/2018 
and is a CIP of PCT/US18/57963 10/29/2018 
and claims benefit of 62/713,455 08/01/2018 
and claims benefit of 62/716,310 08/08/2018 
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and claims benefit of 62/717,750 08/10/2018 
and claims benefit of 62/719,689 08/19/2018 
and claims benefit of 62/724,449 08/29/2018 
and claims benefit of 62/733,476 09/19/2018 
and claims benefit of 62/737,062 09/26/2018 
and claims benefit of 62/750,016 10/24/2018 
and claims benefit of 62/770,656 11/21/2018 * 
and claims benefit of 62/772,498 11/28/2018 * 
and claims benefit of 62/777, 157 12/09/2018 
and claims benefit of 62/779,693 12/14/2018 
and claims benefit of 62/784,342 12/21/2018 
and claims benefit of 62/794,330 01/18/2019 
and claims benefit of 62/797, 141 01/25/2019 
and claims benefit of 62/797,263 01/26/2019 
and claims benefit of 62/800,371 02/01/2019 
and claims benefit of 62/802, 171 02/06/2019 
and claims benefit of 62/802,718 02/08/2019 
and claims benefit of 62/805,850 02/14/2019 
and claims benefit of 62/808,949 02/22/2019 
and claims benefit of 62/819,604 03/17/2019 
and claims benefit of 62/819,669 03/17/2019 
and claims benefit of 62/820,695 03/19/2019 
and claims benefit of 62/828,976 04/03/2019 
and claims benefit of 62/841, 798 05/01/2019 
and claims benefit of 62/843,206 05/03/2019 
and claims benefit of 62/846,554 05/10/2019 
and claims benefit of 62/853,280 05/28/2019 
and claims benefit of 62/860, 115 06/11/2019 
and claims benefit of 62/863,231 06/18/2019 
and claims benefit of 62/863,852 06/19/2019 
and claims benefit of 62/867, 186 06/26/2019 
and claims benefit of 62/868,911 06/29/2019 
and claims benefit of 62/870,533 07/03/2019 
and claims benefit of 62/873,891 07/13/2019 
and claims benefit of 62/874,418 07/15/2019 
and said PCT/US18/57963 10/29/2018 is a CON of 16/797,821 02/21/2020 PAT 11,489,420 * 
and said 15/797,821 10/30/2017 is a CIP of 14/947,718 11/20/2015 PAT 10,622,498 
and is a CIP of 15/309,922 11/09/2016 PAT 9,818,893 
and is a CIP of PCT/US16/67977 12/21/2016 
and claims benefit of 62/465, 734 03/01/2017 
and claims benefit of 62/47 4,179 03/21/2017 
and claims benefit of 62/484,474 04/12/2017 
and claims benefit of 62/487,606 04/20/2017 
and claims benefit of 62/488,998 04/24/2017 
and claims benefit of 62/500,581 05/03/2017 
and claims benefit of 62/505,97 4 05/14/2017 
and claims benefit of 62/509,093 05/20/2017 
and claims benefit of 62/510,249 05/23/2017 
and claims benefit of 62/514,889 06/04/2017 
and claims benefit of 62/521 ,504 06/18/2017 
and claims benefit of 62/522, 169 06/20/2017 
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and claims benefit of 62/527,962 06/30/2017 
and claims benefit of 62/530,281 07/09/2017 * 
and claims benefit of 62/533,078 07/16/2017 
and claims benefit of 62/533,603 07/17/2017 
and claims benefit of 62/535,801 07/21/2017 
and claims benefit of 62/540,524 08/02/2017 
and claims benefit of 62/542,243 08/07/2017 
and claims benefit of 62/547,728 08/18/2017 
and claims benefit of 62/553,844 09/02/2017 
and claims benefit of 62/556,426 09/10/2017 
and claims benefit of 62/561 ,869 09/22/2017 
and said PCT/US18/43289 07/23/2018 claims benefit of 62/542,243 08/07/2017 
and claims benefit of 62/535,801 07/21/2017 
and claims benefit of 62/540,524 08/02/2017 
and claims benefit of 62/639,472 03/06/2018 
and claims benefit of 62/628,764 02/09/2018 
and claims benefit of 62/643,010 03/14/2018 
and claims benefit of 62/640,522 03/08/2018 
and claims benefit of 62/599,246 12/15/2017 
and claims benefit of 62/645,810 03/21/2018 
and claims benefit of 62/666,005 05/02/2018 
and claims benefit of 62/556,426 09/10/2017 
and claims benefit of 62/607,860 12/19/2017 
and claims benefit of 62/631,630 02/17/2018 
and claims benefit of 62/677,609 05/29/2018 
and claims benefit of 62/634,692 02/23/2018 
and claims benefit of 62/652,830 04/04/2018 
and claims benefit of 62/591,072 11/27/2017 * 
and claims benefit of 62/639,356 03/06/2018 
and claims benefit of 62/615,314 01/09/2018 
and claims benefit of 62/623,971 01/30/2018 
and claims benefit of 62/561 ,869 09/22/2017 
and claims benefit of 62/637,945 03/02/2018 
and claims benefit of 62/651,053 03/30/2018 
and claims benefit of 62/553,844 09/02/2017 
and claims benefit of 62/682,909 06/09/2018 
and claims benefit of 62/659,072 04/17/2018 
and claims benefit of 62/659,067 04/17/2018 
and claims benefit of 62/669, 194 05/09/2018 
and claims benefit of 62/675, 130 05/22/2018 
and claims benefit of 62/547,728 08/18/2017 
and claims benefit of 62/651,087 03/31/2018 
and claims benefit of 62/646,871 03/22/2018 
and claims benefit of 62/662,217 04/24/2018 
and claims benefit of 62/639,920 03/07/2018 
and claims benefit of 62/633,514 02/21/2018 
and said 16/296,985 03/08/2019 is a CON of 15/797,821 10/30/2017 PAT 10,446,700 
and said 16/042,535 07/23/2018 is a CIP of 15/797,821 10/30/2017 PAT 10,446,700 
and claims benefit of 62/535,801 07/21/2017 
and claims benefit of 62/540,524 08/02/2017 
and claims benefit of 62/542,243 08/07/2017 
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and claims benefit of 62/547,728 08/18/2017 
and claims benefit of 62/553,844 09/02/2017 
and claims benefit of 62/556,426 09/10/2017 
and claims benefit of 62/561 ,869 09/22/2017 
and claims benefit of 62/591,072 11/27/2017 
and claims benefit of 62/599,246 12/15/2017 
and claims benefit of 62/607,860 12/19/2017 
and claims benefit of 62/615,314 01/09/2018 
and claims benefit of 62/623,971 01/30/2018 
and claims benefit of 62/628,764 02/09/2018 
and claims benefit of 62/631,630 02/17/2018 
and claims benefit of 62/633,514 02/21/2018 
and claims benefit of 62/634,692 02/23/2018 
and claims benefit of 62/637,945 03/02/2018 
and claims benefit of 62/639,356 03/06/2018 
and claims benefit of 62/639,472 03/06/2018 
and claims benefit of 62/639,920 03/07/2018 
and claims benefit of 62/640,522 03/08/2018 
and claims benefit of 62/643,010 03/14/2018 
and claims benefit of 62/645,810 03/21/2018 
and claims benefit of 62/646,871 03/22/2018 
and claims benefit of 62/651,053 03/30/2018 
and claims benefit of 62/651,087 03/31/2018 
and claims benefit of 62/652,830 04/04/2018 
and claims benefit of 62/659,067 04/17/2018 
and claims benefit of 62/659,072 04/17/2018 
and claims benefit of 62/662,217 04/24/2018 
and claims benefit of 62/666,005 05/02/2018 
and claims benefit of 62/669, 194 05/09/2018 
and claims benefit of 62/675, 130 05/22/2018 
and claims benefit of 62/677,609 05/29/2018 
and claims benefit of 62/682,909 06/09/2018 
and said PCT/US16/67977 12/21/2016 claims benefit of 62/270,577 12/21/2015 
and claims benefit of 62/304,907 03/07/2016 
and claims benefit of 62/290,391 02/02/2016 
and claims benefit of 62/334,934 05/11/2016 
and claims benefit of 62/338,263 05/18/2016 
and claims benefit of 62/346,850 06/07/2016 
and claims benefit of 62/359,349 07/07/2016 * 
and claims benefit of 62/366, 188 07/25/2016 
and claims benefit of 62/368, 109 07/28/2016 
and claims benefit of 62/37 4,828 08/13/2016 
and claims benefit of 62/376,869 08/18/2016 
and claims benefit of 62/380,364 08/27/2016 
and claims benefit of 62/383,391 09/03/2016 
and claims benefit of 62/383,479 09/04/2016 
and claims benefit of 62/394,222 09/14/2016 
and claims benefit of 62/398,607 09/23/2016 
and claims benefit of 62/401, 126 09/28/2016 
and claims benefit of 62/406,999 10/12/2016 
and claims benefit of 62/414,671 10/29/2016 
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and claims benefit of 62/415,339 10/31/2016 
and said 15/309,922 11/09/2016 is a 371 of PCT/US15/61120 11/17/2015 
and is a CON of 14/943,89811/17/2015 PAT 9,530,905 
and is a CON of 14/945,00311/18/2015 PAT 9,525,084 

which claims benefit of 62/232,716 09/25/2015 
and claims benefit of 62/213,558 09/02/2015 
and claims benefit of 62/209,311 08/24/2015 
and claims benefit of 62/205,717 08/15/2015 
and claims benefit of 62/199,607 07/31/2015 * 
and claims benefit of 62/197, 120 07/27/2015 
and claims benefit of 62/188,876 07/06/2015 
and claims benefit of 62/182,602 06/21/2015 
and claims benefit of 62/175,855 06/15/2015 
and claims benefit of 62/17 4,498 06/11/2015 
and claims benefit of 62/171 ,915 06/05/2015 
and claims benefit of 62/157,876 05/06/2015 
and claims benefit of 62/154,675 04/29/2015 
and claims benefit of 62/153,443 04/27/2015 
and claims benefit of 62/139,511 03/27/2015 
and claims benefit of 62/111 ,582 02/03/2015 
and claims benefit of 62/100,025 01/05/2015 
and claims benefit of 62/090,879 12/11/2014 
and claims benefit of 62/081,538 11/18/2014 
and said 14/943,898 11/17/2015 claims benefit of 62/232,716 09/25/2015 
and claims benefit of 62/213,556 09/02/2015 
and claims benefit of 62/209,311 08/24/2015 
and claims benefit of 62/205,717 08/15/2015 
and claims benefit of 62/199,607 07/31/2015 
and claims benefit of 62/197, 120 07/27/2015 
and claims benefit of 62/188,876 07/06/2015 
and claims benefit of 62/182,602 06/21/2015 
and claims benefit of 62/175,855 06/15/2015 
and claims benefit of 62/17 4,498 06/11/2015 
and claims benefit of 62/171 ,915 06/05/2015 
and claims benefit of 62/157,876 05/06/2015 
and claims benefit of 62/154,675 04/29/2015 
and claims benefit of 62/153,443 04/27/2015 
and claims benefit of 62/139,511 03/27/2015 
and claims benefit of 62/111 ,582 02/03/2015 
and claims benefit of 62/100,025 01/05/2015 
and claims benefit of 62/090,879 12/11/2014 
and claims benefit of 62/081,538 11/18/2014 
and said PCT/US15/61120 11/17/2015 claims benefit of 62/232,716 09/25/2015 
and claims benefit of 62/213,556 09/02/2015 
and claims benefit of 62/209,311 08/24/2015 
and claims benefit of 62/205,717 08/15/2015 
and claims benefit of 62/199,607 07/31/2015 
and claims benefit of 62/197, 120 07/27/2015 
and claims benefit of 62/188,876 07/06/2015 
and claims benefit of 62/182,602 06/21/2015 
and claims benefit of 62/175,855 06/15/2015 
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and claims benefit of 62/17 4,498 06/11/2015 
and claims benefit of 62/171 ,915 06/05/2015 
and claims benefit of 62/157,876 05/06/2015 
and claims benefit of 62/154,675 04/29/2015 
and claims benefit of 62/153,443 04/27/2015 
and claims benefit of 62/139,511 03/27/2015 
and claims benefit of 62/111 ,582 02/03/2015 
and claims benefit of 62/100,025 01/05/2015 
and claims benefit of 62/090,879 12/11/2014 
and claims benefit of 62/081,538 11/18/2014 
and said 14/947,71811/20/2015 is a CON of PCT/US14/39208 05/22/2014 

which claims benefit of 61 /826,446 05/22/2013 
and claims benefit of 61 /843,021 07/04/2013 
and claims benefit of 61/905,109 11/15/2013 
and claims benefit of 61 /834,873 06/13/2013 
and claims benefit of 61 /826,446 05/22/2013 
and claims benefit of 61 /843,021 07/04/2013 
and claims benefit of 61/905,109 11/15/2013 
and claims benefit of 61 /834,873 06/13/2013 

(*} Data provided by applicant is not consistent with PTO records. 

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 

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: 11/14/2023 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 18/385,213 

Projected Publication Date: 02/22/2024 

Non-Publication Request: No 

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

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES 

Preliminary Class 

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

Select USA 

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 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 18/385,213 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 64 N/A 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 280 N/A 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 320 N/A 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 12 minus 20 = 0 X = 0 OR 
(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 1 minus 3 = X = 0 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $310 ($155 for small entity) for each additional 168 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 832 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = 

OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
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1.An integrated, single-chip structure of plural 
pillars of semiconductor material formed as 
respective photodetectors configured to 
generate electrical signals in response to 
illumination with light including light in the 
infrared and/or near infrared spectrum, said 
structure comprising: 

Example of support in pending Ser. No. 18/113,474 which claims priority to 
ultimate U.S. parent filing Ser. No. 14/974,718, now patent 10,622,498, 
which in turn claims priority to PCT filed 05/22/2014 and its provisionals 
including 61/834,873. 
Paragraph references below are to published version US 2016/0254407 A 1 
of Ser. No. 14/947,718. 
FIG. 5B, pillars 524. Para. [0120]. 

FIG, 58 
deliberately formed holes into said pillars, filled FIG. 49 ("Pillar with hole"). Para. [0239] ("hole(s) can exist in a pillar'). 
at least partly with solid dielectric material; (- 4900 

Plllar with Ho!e w!th 
hole Pil!ar .. l ptlisr 

r-"--1 l ,..--··-.. 

FIG. 49 

1 



wherein: 
parts of at least two of the holes overlap 

such that at a surtace of each of said pillars 
each of the at least to holes has a portion that 
overlaps with another of said at least two holes 
and a portion that does not; 

said at least two holes that overlap thereby 
form a depression in said surtace that 
comprises a portion of only one of said two or 
more holes and a portion at which two of said 
two or more holes overlap, and 

said two or more holes have: 
depths in the range of 100-10000 nm 

from said surtace, and 
widths in the range of 100-5000 nm 

along said surface in at least one direction; 

FIG. 46. Para. [0235] ("hole array 4600 having various shapes such as oval, 
circular, rectangle, doublets, triplets, and stars"). 

0 

0 
Top View 

FIG. 46 
Para. [0143] ("The depth (or length) of the holes can be 100 to 10000 nm and 
can be uniform depth of non-uniform depth."). Para. 238 ("According to some 
embodiments, the holes have diameters ranging from 1 O nm to 5000 nm and 
depths ranging from 0.1 to 10 microns"). 

Para. [0234] ("hole array 4300 (also applicable to embedded or buried voids) that 
is uniformly spaced with a fixed diameter ranging from 100-5000 nm"); para. 235 
("hole array 4500 having both variable diameters (ranging from 100 nm to 5000 
nm) ... "). 

side-isolation comprising solid material at FIG. 5B: isolation material 522 surrounds pillars 524. 
sides of said pillars; and 

a base dielectric region under the pillars that Fig. 5B: region 504 labeled "BOX/SOI." Para. 119. 
comprises solid dielectric material; 

2 



wherein said pillars are configured to 
receive said light directly or through other 
materials; and 

wherein the presence of said holes and 
side-isolation increases effective quantum 
efficiency (EQE) of the pillars to illumination 
with said light relative to an otherwise same 
pillars lacking said holes. 

2.The integrated, single-chip structure of claim 
1, wherein said at least two holes comprise at 
least three holes each of which has a portion 
that overlaps with another of said at least three 
holes and a portion that does not. 

3.The integrated, single-chip structure of claim 
1, in which said pillars comprise semiconductor 
material that is doped at one portion of the 
pillar but is less doped or is undoped at a 
portion of the pillar adjacent the doped portion. 

4.The integrated, single-chip structure of claim 
3, in which the pillars are elongated in an up­
down direction and the more doped portion of 
each pillar is over the less doped or undoped 
portion thereof. 

FIG. 5B. The top surtaces of pillars 524 receive light. 

Para. [0076]. Compare FIG. 4B (Para. [0115]) and FIG. 3B (Para [011 O]) 

showing QE at 850 nm (in infrared range). 

FIG. 46. Para [0235 ("hole array 49600 having various shapes such as ... 
triplets .... ") 

FOGs. 5A-B. P-material 510 is doped while 

Figs. 5A-B: regions 510 and 506 are doped to opposite polarities and region 508 
is undoped or low-doped. Para. 119. 

3 



5.The integrated, single-chip structure of claim FIG. 5B, contacts 528, 530. Para. [0121]. 
1, further including electrical contacts to said 
pillars configured to provide an electrical field 
across said pillars. 

6. The integrated, single-chip structure of claim Provisional appln. 61/834,873 filed June 13, 2013, sentence bridging pages 1 
5, in which two or more of said pillars share and 2: (" ... the detector array can be monolithically integrated with Si electronic 
one of said electrical contacts. devices such as bipolar transistors, CMOS, Bi-CMOA, application specific 

integrated circuits (ASIC) for signal processing, storage, signal conditioning, and 
transmission.") 

7. The integrated, single-chip structure of claim Provisional application 61/834,873 filed June 13, 2013, sentence bridging pages 
1, further including active electronic circuits 1 and 2 ("Another advantage of Si is increase in functionality; the detector array 
integrated with said pillars. can be monolithically integrated with Si electronic circuit devices such as bipolar 

transistors, CMOS, bi-CMOS application specific integrated circuits (ASIC) for 
signal processing, storage, signal conditioning, and transmission.") 

8. The integrated, single-chip structure of claim Provisional application 61/834,873 filed June 13, 2013, sentence bridging pages 
7, in which said active electronic circuits 1 and 2 ("Another advantage of Si is increase in functionality; the detector array 
comprises Si-based active circuits for signal can be monolithically integrated with Si electronic circuit devices such as bipolar 
processing of electrical signals generated by transistors, CMOS, bi-CMOS application specific integrated circuits (ASIC) for 
said pillars. signal processing, storage, signal conditioning, and transmission.") 

4 



Example in published version 2020/0028000 A 1, of indirect parent Ser. No. 
16,528,958 filed 08/01/2019, now patent 11,121,271 

9. The integrated, single-chip structure of claim FIG. 30A. Para. [041 0] ("In this case, the microstructure 'holes' are 'connected' 
1, in which said holes are configured as to form trenches 3060"). 
intersecting elongated trenches. 

.,,,bfi □□□ 

□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 

FIG. 30A 
[04101 FIGS, 30A-B are simplified partial schematic top 
views of a semiconductor surface having holes configured as 
trenches, according to some embodilm~nts. The st~miconduc­
lor 3010 and 3008 can be: Si, Ge, GeSl ami!or IH-V material 
such as .lnE GaAsi GaN to .name a few. In !11is case the 
microstructure ·'holet are "connected'' to form trenches 
3060 and 3062. The rnicrostm:ture hole/trenches 3060 and 
3062 are farther configured to crisscross the surface of the 
semiconductors 3010 and 3008, respectively. Although tlie 
trench-shaped holes in FIGS. 30A-B are shown in straight 
lines, they could alternatively be formed in curved lines or 
a combination of strai~1t and curved lines. The width of 
each trench is approximately one wavelength., and u1 some 
cases can be less than a wavelength, and in some cases can 
be more than a wavelength, and in some cases can have 
width ranging from 600 nm lo l 6(Xl nm, and can nm lhe 
kngtl1 of the photosensitivt~ area. The depth of the trench can 
range from 100 nm to 1000 nm or more., and in some cases 
50 nm to 300 nm. The spacing of !he trench can rangt' from 
l 00 nm to 1000 nm or more1 and in some cases 100 nm-600 
nm. 
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10. The integrated, single-chip structure of FIG. 30A. Para [041 0] ("The width of each trench is approximately one 
claim 9, in which said elongated trenches have wavelength, and in come cases can be less than a wavelength .... "). 
widths no greater than a wavelength of said 
light at said surface. 

11. The integrated, single-chip structure of FIG. 30A. Para [041 0] (" ... and can run the length of the photosensitive area.") 
claim 9, in which said elongated trenches run 
the length of photosensitive areas of said 
pillars. 

12. The integrated, single-chip structure of FIG. 30A illustrates right angles while FIG. 30B illustrates oblique angles. 
claim 9, in which said elongated trenches 
intersect at right angles. 
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Amendment to Claims: 
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This listing of claims will replace all prior versions and listings of the claims. 

1. (previously presented) An integrated, single-chip structure of plural pillars of 

semiconductor material formed as respective photodetectors configured to 

generate electrical signals in response to illumination with light including light in 

the infrared and/or near infrared spectrum, said structure comprising: 

deliberately formed holes into said pillars, filled at least partly with solid 

dielectric material; 

wherein: 

parts of at least two of the holes overlap such that at a surface of 

each of said pillars each of the at least to holes has a portion 

that overlaps with another of said at least two holes and a 

portion that does not; 

said at least two holes that overlap thereby form a depression in 

said surface that comprises a portion of only one of said two 

or more holes and a portion at which two of said two or more 

holes overlap, and 

said two or more holes have: 

depths in the range of 100-10000 nm from said surface, and 

widths in the range of 100-2000 or 100-5000 nm along said 

surface in at least one direction; 

side-isolation comprising solid material at sides of said pillars; and 

a base dielectric region under the pillars that comprises solid dielectric 

material; 

wherein said pillars are configured to receive said light directly or through other 

materials; and 

wherein the presence of said holes and side-isolation increases effective 

quantum efficiency (EOE) of the pillars to illumination with said light 

relative to an otherwise same pillars lacking said holes. 

-2-



PATENT 
3 09-00 l 5USCIP 

2. (previously presented) The integrated, single-chip structure of claim 1, wherein 

said at least two holes comprise at least three holes each of which has a portion 

that overlaps with another of said at least three holes and a portion that does not. 

3. (previously presented) The integrated, single-chip structure of claim 1, in which 

said pillars comprise semiconductor material that is doped at one portion of the 

pillar but is less doped or is undoped at a portion of the pillar adjacent the doped 

portion. 

4. (previously presented) The integrated, single-chip structure of claim 3, in which 

the pillars are elongated in an up-down direction and the more doped portion of 

each pillar is over the less doped or undoped portion thereof. 

5. (previously presented) The integrated, single-chip structure of claim 1, further 

including electrical contacts to said pillars configured to provide an electrical field 

across said pillars. 

6. (previously presented) The integrated, single-chip structure of claim 5, in which 

two or more of said pillars share one of said electrical contacts. 

7. (previously presented) The integrated, single-chip structure of claim 1, further 

including active electronic circuits integrated with said pillars. 

8. (previously presented) The integrated, single-chip structure of claim 7, in which 

said active electronic circuits comprises Si-based active circuits for signal processing of 

electrical signals generated by said pillars. 

9. (previously presented) The integrated, single-chip structure of claim 9, in which 

said holes are configured as intersecting elongated trenches. 
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10. (previously presented) The integrated, single-chip structure of claim 9, in which 

said elongated trenches have widths no greater than a wavelength of said light at 

said surface. 

11. (previously presented) The integrated, single-chip structure of claim 9, in which 

said elongated trenches run the length of photosensitive areas of said pillars. 

12. (previously presented) The integrated, single-chip structure of claim 9, in which 

said elongated trenches intersect at right angles. 
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REMARKS 
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This patent application is a continuation in-part of and incorporates by 

reference immediate parent applications Ser. Nos. 18/113,47 4 (pending) and 

17/974,325 (allowed on September 29, 2023). 

In addition to disclosure that is substantially the same as said immediate parent 

Ser. No. 18/113, 474 and the ultimate U.S. parent 14/947,718, the subject application 

includes a copy of FIGs. 30A and 30B and related text of intermediate parent 

16/528,958filed August 1, 2019 (now Pat. 11,121,271). (These FIGs. 30Aand 30B are 

renumbered as 57 A-B in the subject application; the related paragraphs 206 and 410 of 

the immediate parent (as filed) are now paragraphs [0087] and [0270]\, respectively, in 

the subject application; and a prime-'-- is added to each reference numeral in FIGs. 

57 A-B and in the related text in the subject application.) 

Applicant submits that through a chain of parents claims 1-8 in the paper are 

entitled to the filing date of ultimate parent US application 14/947,718 filed November 

20, 2015 (now U.S. Pat. 10,622,498) and provisionals to which it claims priority through 

a parent (including 61/834,873 filed June 13, 2013), and claims 9-12 are entitled to the 

filing date of indirect parent 16/528,958 filed August 1, 2019 (now U.S. Pat. 11,121,271) 

and provisionals to which it claim priority (including 62/750,016 filed October 24, 2018). 

This patent application incorporates by reference and claims priority to each of 

the US, International, and Provisional applications in the chains of parents and siblings 

of said immediate parent applications, as identified in the concurrently filed ADS. 

Attached to this Preliminary Amendment, for the Examiner's convenience, is a 

version of the claims with indicated examples of support for claims 1-8 in the published 

version of ultimate U.S. parent application 14/947,718 filed November 20, 2015 (and 

provisionals including 61/834,873) and for claims 9-12 in indirect parent application 

16/528,958 filed August 1, 2019 (and provisionals including 62/750,016 filed October 

24, 2018). 
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Applicant invites the Examiner to telephone the undersigned if it appears that a 

call may help advance prosecution. 

Please charge any shortfall and credit any overpayments to our Deposit Account 

number 600125. 
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WISSING MILLER LLP 
Attorney for Applicants 
By: /Ivan S. Kavrukov/ 

Ivan S. Kavrukov 
Reg. No. 25, 161 
Tel.: (917) 945-0121 
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2. A record from this system of records may bed isclosed, 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 re cord pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in th is system of records may be disclosed, as a routine use, to a contractor ofth e 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 th is system of re cords may bed isclosed, as a routine use, to another federal a gencyfo r purposes of 
Na ti anal 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 th is system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, d uringa n inspection of records con ducted 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. Su ch d isdosu re 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 a bout individuals. 

8. A record from th is system of records may bed isclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance ofa patent pursuant to 35 U.S.C. 151. Further, a re cord 

may be disclosed, subject to the I imitations of 37 CFR 1.14, as a routine use, to the public if the re cord was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 

is referenced bye ither a published application, an application open to public inspection 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 US PTO becomes aware of a violation or potential violation of lawo r regulation. 
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