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,he funct1on3l,,y oi ,he RF:o_ Also 3s ac exacnple, 3 h,ridec c,:,i-.·,1·,·,und c,;i-, be sen, ,o ,he R:=10 card , 20 fo;· the pcrpcs~ of circu:ating power ,c " sen art card rnntrc,ller 

;~s:C:e:1~ er: lhe ;..-:Qrd. -:-hes~ hidder: :;c:rnrnc1:1ds ;'.':re dt:scribed ::: de:.Qi! bek:w :;; :;onj:_;r:e::on w:·:h the f;._1:kJw:;;g -~gL:reB 

Fig:_;r~ '.3,t\ shews c1:1 r=n=m G;'.':t"d 1Nilh integrQtHJ se;;sing ~!e::11:~ntB ,1r1d c:or~;p,1ilb:e �''� �,�.�i�i�t�h� e1 rr:P.::1ot·y cr.1rd. -n~e R:= n) c~rd :rnci r~prP.se:1~B ,1 pes:~ib!e t:rnbodirne;;:_ Gf the m:m 

c3,·d : '.20 (Fig. : ). The RFID c,;1-.:i 300 1,·,clcdes a hes, 1n,erfoce 3: G, 3 1-.-,ecnory c,;r,J centre lier 340, ,; cnecncr1 360, " scn3rt cacd contmllec 33Q, a i:,,·091·,;n-, cnecncry 332, oi-.d 

Q st::f!n :::C:lK-::.:ve ;..-:<;rr:prJr1en1 :?,t,O. -:-he R.f":D c,1rd is c~pc1b!t: of ce:·n:·nu;;f:;81ing with Q rnet::c:ry c,1rd sk:i:. �''� �,�.�i�i�t�h�:�;�;� the t::eb:!P. c:;._1:·np:_;:.lng C:e·,.r:ce 1=:jrther, :_f;t; :~F:D u:i:·d :?,OD 

does :vJt r.::-quire �~� rr;em0ry .;_;ard skit t.;_-1 1mp:e:11er;t an extended :r;p:Jt/•Jutput functi.;_-111_ For example, and twt ~Yf "'1;ay -:.1f l1mit::ticn, :r: �~� part1e::..;!~~ .::-mb0dirr:e:1t of t~;e 5D, t~k 

R:"=m card '.::OQ ca:-': G(Jf:1·ate :r. t:1:y SD rr.e:~:101-y- ca:d :;!o'.: and c:nes not 1·f:q:.i:re a sec:J:"f: d:gita! input/n:.i'.:p:..:~ (S:J!O} :~:lf:11:txy ct:1·d s:ct 

n;t: hc:st :n1P-rfr.1ce 31 o :r:c:l:_;df:s 8;; e:e-:.;:_;o;;I:; c:o;;:_;::cl ·::J i:1te;;::c1 w:tf; thP- t::e:11-:.1;y u~rd BkJI. :=er ex~::ip!e, hc:st :~Ide :r:tt:rf;::ce 31 Cl lr1dudt:s c:o;;:_r.1e:s s:_;ch 8B cor:'~f!GtB ·! 7-/.. 

(Fig. �~� ). A!s,:1 by vvay c,f examp;e, ii~: scrr:e err:bodimei~:t::, ho::t s:de 1n'.:erfoce 3': O :r.c;udes ,:once:3;ed ekc'.:ron:c ,:onrncts. The hcst 1n'.:erfoce 3': O cari u!sc iPc:l_:d-2 c:rcuiti·y 

:;:.ich t:s dr:'H:rs, :ece:vf:1·:;, te:rr.i:~:a!s, and the !ike. 

:r: lhe pi:lrti-:.;u!;'.':t" e:11bodlrnen1 rep;e:~f:r:'~ed by Figum :Lt\ :·ner~;Gry c:ci;d <.xJrr:r:J!!e; :?,40 :jse:~ �~� 11:e;~1ory cci:·d ;::c:;eBs ce11::118;;d l:J c:e:11:11:_;r:i:;fcle i.'\1i'~h the rr:Gbi!e (Jf;v:cf:. rhe 

i~:1err:ory c~1-c! cor.tro!!,;:1· car. :3;so coi~:1i-:1:..in:cate with tho;: merr:cry 360. The p~:emory ,:me! ccntrc!kr de'.:errn:nes whether ea,:h ccmmai~:1J shcu!1::; fc•IT:~: a rr:emoi·y operatioi~: 

\.v:th thf: 11:8:--':lOr/ 360, whe~he: a hidden CO:--':l:--':lond sho:..:!d be cc:1\..-erted tc thf: S:--':l3n ca:d cnn'.::\1!:e: 33G, er whe~he: thf: 11:e:--':1ory ca:T! ccnt:c!:e:· 3~~e: :,l:nu!d act i:--': 

resp•Jr;se te t~k hidder; :::::crr:tr:cFvJ !r: s•Jrr;e emb-:.1d:rr;en·ts, memory .;_;ard ccntrcUer 34Ll execute:.: :r.st:u.;_;t:ons st•J~ed :r: :;;t.::-mal me;7VJry or s1ered 1n rr:e:11-:.vy 36Ll. j;; sorr:e 

err.b:Jdlrne:--':~S, the rr:e:n:J:"y" card : .. (!lltl\!!ler 3<0G incbc:es a special purpc:,e hardwa:·e ~hat i:; :r. thf: p:\1cer,:; ot dete:rr.i:~:lng a cn11:n1a:--':d. :t should be ur,f:fli! :fit :;!10:.i:d �~�£�~� 

cGr1verted !r1 ethe; ~rr:b:Jdi11:e:1:.:~. the r~;t:rn:Jry .;_;r,1rd :;c:ntt·c:!lH 3t~D c:i:"lr: be 8 r~;l:;t·oce:1t:·el:t:r lh~'~ iB P-q::iv,1!ent :r: ~!! r~spec:tB tG ·:he -:.x.:r:troHet· foL:nd In '~he ;~1~rr:Gry c:;::rd, 

,;:xc-2::1t f.:11· ti~:e program it exe-:utes. 

Me:n:J:y 3C,Q ct:1: be a1:y ty~~£~ of vo:ati!e O:" 1:nll ·',m!ati!e :nf:1:~:l!rf r-01· exa:no:e, thf: 11:e:--':1ory 36G can be a v·n!otik: ll:8:--':lGr/ :;uch :":s stati: .. randcrr: acces:, n1err:cry (SR4M) 

or dync1:11:c r;'.':t:tfo:11 r.1cceBs t::e:11-:.1;y (DR,\~v~). /},!so by w~y Gf t:xc1:11p:t:. :11er~;Gry :inci c,1r: be ,1 r:c:n-i.1:J!f!Li!~ rnet::c:ry s:jch ;::s 8 NDR n,1sh ;~1~rr:Gry er 8 N/},:"~D f:r.1sh 11:e;~1Gry. 

;p v:3i·i,:1us emti•:1d1mer:'.:s ,:if ti~:e :r.ven'.::or., rr:ernory 360 repres,;:pts 3 m,::1~:-:DI)' '.:hat ,:m1 be ~ccessed tiy 3 mol:1de c,:1P~:puting dev:c-2 using a memory c3rd a-:cess corr:rr:arid, 

·:he ;~1~rr:Gry Gi:lrd w;c:e:~s c:-:.1;~1;~1r.1wfa b~lr1g def:r:P.d fr:t· 'd:iB p:jrpose 

vl-ff;P.r1 the R:= n) c~rd :rnci Is c:0;~1;~1un:cc1t:;;g w:th ,1 ::ierne:y C;'.':t"d s:Gt with:r: ;'.': 11:-:.1b:!e c:0;~1punr1g dev:c:e, ·:he ;~1obi!e -:.x.:r~;pu::r:9 d~1ric:~ :;fen t;i:"l;;srni'~ 8 ;~1~rr:Gry c:;::rd w;c:ess 

,:ommar.d to ucce::s '.:he i~:1,;:rnory 360. Mso as ar: exarnp!e, '.:he mol:1i!e ,:,:1P~:putir:g -:kv:c,;: c3n ::er:d :3 p~:emory ,:m-1::; acco;:ss ,:oiT:IT:and '.<Vi'.:h 3 ;~:1dder. -:oiT:IT:ar:d. T;~:e 

::1e11:-:.1:y C;'.':t"C: .;_;or:troHet· :i,~ci (folec1s :_f;t; pt·eser:ce -:.1fthe hidtfo;; cot::t::f!:1d ,1r1d UBt:s the c:J::1::1::nic,1!1:Jr: bu:~ '.31..:-/.. te t:·i:"l;;sfP-r ;'.':!! Gr p~rt :Jf lhe 11:e;~1Gry ;'.':c:-:.;t:ss cGrnrn~r:C:s 

·to the smart card .;_;ontro!!er ~130. Communic;;t:on bus 342 c~;; h3'!>: ar:y nLlmbe: -:.1f .;_;ond:..;cters and c~;; take ;;ny ferrr:. ;:or excF11pie. the e:orr:rr:un:ca-ticr. ~J:)s 342 •:an be a 

Sf::"it:! pen, a para:!!':! port, c: : .. an :ndude a p!:..:roEty" ot data \.v:rer,, o p!LiraH~y l!f addres:, 1Ni:e:;, a:1d,1cr a wire capo bk: of carr,{::~:g a c•,Y:t:-o: si[-!:I:":!, :,Lich !F;; a ckx:k r,lgnoL !1: 

:.:0me e;71~Jodiments, meme:y t:3rd c•J;;tr•)!er 340 t;;kes •Jr;e er mere ae:·t:or.s 1n resp•Jr;se te;; hidde;; :::::crr:rr:cFvJ !-=or examp:e, the tr:ei7VJry ca:d •:Gntm!:e: 3i!.O t:3r. i7VJd1fy 

t:·,e clock s,gi-,al 1,-, response ,o a :·,1dden comcnacd. 

The :~nerno:y ct:1·d cor.tro!k:1· 3,~:J ca:~: de~ect t:ldder. cnrnrna:--':d;, In a :l'.ill:ber of 'Nays. r-o:· ext:1:~:p!e, In S!"J:"W: 8:--':lbcd::~:lf:llts. t~1f: n1err:Gr/ card a: .. cesr, CO:--':l:--':l3nd ca:-': inc!:..:de 

;; p3rticu!;;r addres.s vak:e or a p;;rt:•:ular tfat~ vak:e. -rhe ;71emrxy c;;rd e:or.1ro!!er 340 dete•:ts 3 .;_;orr;mand j;;c!:..;di:19 Gile .;.F ~J•Jt~; Gf a sp.::-e:iftc addres.s vak:e or a .specif;•: 

:~nate:·ia: v·a!ue and apO:"!"J~x:ate!y 1·0'.ites the conl:--':l3r.d. The pa:~:c'.i!a:· addre:,s 'la!ue and spe:..lik data vabe :..:sf:d for this (J'.i1·oose ct:1: be !",l!l:s:rk::"fa! here :":so ~1it!der. 

ce:11:118r:d ;'.':(:d:·eBs 1,1;::!ue ci;;d �~� hiddt:r1 c:-:.1;~1;~1;::r:d C:8tc1 i.1~!ue 

;r; scme embodi:11er;ts. the memory •:ard cem:e!;er 34U .;_;;;n dete-:.;t the pres.::-n:::::e •A;; hidde;; :::::orr:rr:a:vJ based so:e!y en t~1>: hidder; :::::cmma:1d addres:.: value. 1:1 t~;ese 

:;pecif:c err.b:Jdill:e:--':~S, the rr:e:n:J:"Y card !",l!lltl\!!ler 3<0G checks the addresr, va!:Je :r.c!Lided ::~: a rr:e:n:J:"Y card accer,:; ccrr:rr.and, and If the C•,Y:l:~nand rr:atct:es the hidden 

ce:11:118r:d ;'.':(:d:·eBs 1,1;::!ue, c:Jr11,1~rtB ii ( Gr l8k.e:~ sc:11:e SGr~;f: f!c:t:or:s). !n :~Grr:e e:11bodlrnen1s, lhe 11:e;~1ory cci:·d cGrr:rG!:e:· 2.~~o de'~ec:tB thP- preBt:r1ce of r.1 hidder: :;c:11:11:ci;;d 

based only oc th~ hidden cocncnand ,Jata v,;lue. 1,-, these pa:11ccl3;· ei-.-,bodicnen,s, ,he 1-.-,emocy c,;r,J controlle1· 340 checks "d3ta ,a:ue included in the cnecncrf card 

;::cceBs ce:11:118r:d ;'.':t:d cGrrve;ts :_f;t; ce11::118;;d if i111:i:ltd:P.s the hich-Je;; cot::t::f!nd (fal~ 1,1;::hje. :;; s'~i!l f:_;rth~r t:rnbodi:11er:ts. the rr:P.::iot·y c,1rd ce:1t:rd:t:r '.31..:-0 .;_;r,1n dete-:.;:_ thf: 

pr.::-sen-:.;e of 3 ~i:r,_frJer: c•Jrr;rr;and b~:.:ed en ~Joth the h:dder: c•Jrr;rr;and add~.::-ss val:..;e ;;rid the ~;1dder. •:Gmmar:d d;;t;; va!ue. !n t~;ese err;bGdirr:e:1t.s, the ;71>:mrxy c;;rd 

,.-.nn'.::\1!:e: 31..:-G \ri1::! or.!y" switch co1:~:1:~:ands :f bntl: '.:he :nf:1:~:l!IY ca:-d acce:;s add:"f::;s and the data 1:~:atch the hidden con1:--':1or.d :":t!rkesr, vohff: a:--':d thf: h:dde:~: corr:rr:and 

data .,_ra!ue, resp.::-ctive!y, 

Hid:r;u cem:11~;;rJ addre.ss v~lues ;;r;d hid:r;u cem:11~;;rJ d3t3 value.s :::::an ~Je spe,..-i·f:ed :n 3 11:)rr;ber of w;;ys. FGr ex~;71p!e, ;;!! RHD c;;rds ca:1 be re!.::-ased i.Vith �~� nxed V3!u.::-. 

:1: the sf: e:--':1bcdi:~:lf:llts. t~1f: sarr.f: h:dden CO:--':l:--':lond Is !F,ed ead: t::--':1e thf: Rr-m fonc~icn Is a: .. cesr,f:d. The addres:, and/nr dmo ·value :s ind:.ided :1: '.:he :nf:1:~:l!IY ca:-d 

3<.x·ess •:rxnmar.d. t...!:.:G 3S an example, differer:t RHD c;;rds ca:1 be re!.::-ased i.Vith u;;1qLle va!L:e:.:. :r: these sp.::-e:iftc embodi:11er;ts. eae:h RHD .;_;;;rd :::::an pr•Jvide t~;ese .,,ra:ue:.: 

m 3 i~:1c,bi!e ,:ornp:.i'.::r.g devi,:e who;:n r:e-21Jed. A:s,:1 as ari exam::1;e, tho;: h:ddei~: corr:rr:arid address ar:d/or d3rn vah_:e p~:uy ti,;: spe-:itied tiy'.:he i~:1,:il:,1!e ,:c,rnp:.i'.::r:g ,:kvic,;:. :r. 

o:.f;t:r fur:.f;t:r et::bed:;~1H1ls, :_f;t; hidd~r: cc:11:11:cl;;d ~ddres:~ ;'.':t:d :.fatr.1 vi:"l:ue Gi:"lr: be dyr1;'.':t::i-:.; ·rhe h:drfor: c:or~;r~;r.1r1d cidd;~ss i:"l;;d :fo'~;'.': v,1h:e c,1r1 be ch;'.':ng~d ef!c:f; nrne 

:x,wer is 3pp!ied er cri u pericdic basis. 

The omart c3rd ,:,:.i-,t1·,:,ller 330 1·ecei,es th~ hidde,·, cocncnando ccn,erted by the cnemo,·y card ,:,:.ntrc,ller 3&Q_ The s,·nm-, card con,,oller 330 fu,,hec trnnol3,es ,:·,e hidden 

cGrnrn~ntfa ,1r1d perfen::s r.1e::c:ns lr1 t·espGr:se th~r~tG. -:-he :~rr:,1rt C;'.':t"d c:or:troHet· :i:w t:xe-:.;utt:s the lr1s1t·::c:ti-:.1;;s s1ered In '~he progr;::rr: rnet::ery :337-. !n WJrne 

embodime,·,,o, pccgco,·n mecno:y 33'.2 is ei-.-,bedded with;;·, scnarc c3,·d conceol:w 330, whi:e 111 mhec ~,-,11:,odicnents pcogcacn cnemo,y 332 '" p3rc oi cnemocy 360. 

The :rn:art cord !",l!l:t1·o!!er 33Q Is a t!Lia: i:~:tf:rface s:na:1 : .. art! ccntrdh-:r hav:1:g or.e l!f a p!ura:lty cf ::~:tf:rfaces :1:c:ud::~:g ar. RF!D function. !n SO:--':le f:1:~:bnd:rr:ent:,, ~he :rn:a:i 

c,1rd is r.1 piis:~ive r=n=m tr.1g t·ef!der :_f;r.11 :s cGrr:p~'~ib!e with :_f;t; :--~i=c r.1pp:i-:.;r.1ti!"Jr1. H.:i; t:X811:plt:, s;~1;::rt c,1rd c:e:1t:·el:P.r :;::o .;_;r,1n be;:: de1,,•:ce 1h8t :rr:p!erne;;:_:~ ~!! Gr p,1rt Gf lhe 

;so 14443 staridmd tor ccr.ta,:t;ess ~FC dev:ce:: . .A.!sc i?/ wuy of -2:,rnrr:p!-2, sm:3ii ,:m-1::; ccntrc!kr 330 c~P be :3 1Jua! iPterfoce si~:1~1-t -:a rd ccritrcBer cap:3;:1le cf 

:11:plHr:f:r:'~ing bGth :~;D ·;g·i C i:"lr:d :~;D ·11..:.1..:.1~3 fo:· .;.;Gnlw/uc:Jrf:;'.':c:t!ess req:_;lmrnen1s. Thf: ·•~;::im·:~A>:" forni!y Gf :;c:n1rc:!lHs ;'.':1,,•;::i!iibl~ frGr~; N'.<P i;; Ne:.f;H!~r:C:s Is c1:1 t:xc1:11p:t: 

of a :.:u:·tab!e dua! :r;terf;;ce s;71;;rt •:ard ce:1t:e!;er. rhe:.:e c-:.1;;t~-:.1ners p:evide RHD fu:v:t10n3!:ty 3t 1 ~L-':,6 �~'� �l�!�-�l�z�.� this '-/ar10Lls err;bGdirr:e:1t.s Gf the i:wer.ti-:.111 t:3r. -:.1p.::-rate al 

! 3.56 MHz, but :":l"f: no~ H:~n:ted '.:O cpNt:t:ng at thi:; treq:..:en: .. y. :1: scrr.e ernbodirr.f::~:t:;, thf: S:--':lort ca:d ,.-.nnt:\1!:e: ::~:tf:rac~s 1111:'.:h the M!r-ARE Sy"S'.:err: for ticke'.::r.r-1 

;;pp!ic;;t:Gns. 

-rhe :.:mart :::::3rd .;_;or;tr•J!!er ~1~1Cl r.::-e:eives p•x-.ver fr0m 1he hGs·t inte~fa.;_;e. 8y ;;ot re:::::ei.,,rir:g p•x-.ver from the interrGg3tir.9 R;: lie!d, the necess:ty cf u.sing cne Gf the kK-ip 

onte:~:1:as for pcvver genf:ratlon ct:1: be :lf:gme6 T~1f: srr:a:~ ca:-d CO:--':~ro:k::" 330 :n: .. :udes an or.ten:~:a per:: 3:34. Tt:e onten:~:a J~ 33~~ i:; ccup!ed '.:O the sn1a:! :nd:..:ctiv·e 

~lecne,1, :3SIJ. 

-rhe :.:ma:! :rdLlc1ive c-:.1:11p•Jr;ent 35Cl indud.::-s a •:oi! wGund ~~-:.1ur;d 3 magr;etic .;_;or.::-. -rhe •:Gi: ::.: t00 s111~!! f0r drnw1ng p-:.Y-.rver frrxn ·the :r;terrogatir:g Rf-'. neld, but si:v:e the 

s:na:-t : .. art! ccr.trc!h-:r 33:J i:, powNf:d by tt:e hcr,t devi: .. e '.:hro:..:gh t~1f: host :1:te:·foce 3·1 Q, '.:h:r, approoc~1 Is n:Jt :~:ecer,:rnry. The s:na:! :nd'.iCtive CO:--':lpcr.e:~:t 35:J intf::":":cts 'Nit!: 

t~;e 3r.1e:v;a Y11:t~;1r1 ·the Rf-'.;D ~eader in;; mar.ne~ t~;at approx:rr;ates the in"teract:•JP 0hhe p~i;71;;ry and sece:vJary c-:.1:!s w1thir: the tr;;nsf0rmer. n1>: RF!D re3de~ ~;as a •:G:: 

ti~:ut rescn:3t-2s 3'.: 13.56 tvl~z, vvh:ch uc'.:s !ike :3 rna:r. !ine cf 3 ti·:3pstorrner. The sr:13!! indt.:ctive c,:1P~:poner.t 350 func'.::cns as :3 secoi~:1Jury !iPe m the ti·:3pstorrner. 

,t\:;c:-:.1:·d:;;g!y, ·:he trn:i:~rr:i":IP-r cc1:1 "see·· th~ it::ped;::r:ce -:.1f th~ sec:or:rfary-:.x.:i! (s11:c1n se;;sir:9 e!P.::ient 3-':,0) ·n1e s;~1r.1rt c,1rd c:e:1t:·el:P.r ::::1~ .;_;r,1n L:s~ drc:u::.ry ·::J t::c:du:r.1tt: ·:he 

reiiec,ed sig,·,ul ,c mod,fy,he ,i-,·,pedance 3clhe m1tecn3 -~ 33&. 
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The ::rna:! ::er:sii-iq e!ei-n-::nt 350 um be ;-nude very sm~n. Foi· -::x3rr:p!-::, iri some -2p-d:,od:rr:ents, -::he RF;D -:a rd ~ 20 is a rnPiS:J card ::md -::he sP-iu!: sensing e!em-21-it 350 is 

:~rn~:! ~ri:"J:jgh ~;..1 bf: c:;._1:·np:P.1P.:y eo::'~f!i:1~d w::_f;l:1 H:e Qpp~:~n1 Bl1-e of ~h~ rniniSO ThP- sp~e:fic t:rnbodirne;;:_ Gf thP- s:·nQH i:1d:_;cllve P.!erne;;:_ with:r: lh~ c1ppr.1m:r: s:~~ ef the 

;71em0:y c;;rd is ::is de.s•:ribed L"l>:k:n,'11 ·,,vith refe~er;e:e tc ;:iG, 

:r. varioL:s embodim-21-its of -::he ;pveriti•:11\ the p-iemory -:c11-c; ccntrdkr 34-Q ,3rid The si-nurt card coritroHer 330 is :rr.pkrner:-::ed ;p mar.y ditforer:-:: Viays. For exurnp!e, in s,:11-ne 

~rr:brJdirne;;:_:~. the v~r:eu:~ :;c:t::pe:1~nls fire :rr:p!en:e;;:_HJ ;'.":S f;r,1:dwfc:·e !:1 'd:e.st: en:b;._1;..i:rr:P.::'~s, thf: ,,1;::r:rrns c:or~;pG:1en1s c~:: be i:np:e:·n~r:tf:d 8-S i:1divld::8! lnlf:(ff;'.":'~ed 

•:i::::::uit.s Gr as c1 combined ir:Leffc1ted :::::ircu:t_ /\!so by wc1y cf exarnp:e, ir: .some e:11L"l•Jd1me::t.s, ,_,a:i;._1:)s cc:11p•J:;e:rts n:c1y be :mp!en:e:;t.::-d :.::.s Q scftY11c1:e, er a •:rxnbir:ati•J:; of 

t:a:Thri1a:"f: and r,-:ltwa:'e_ !n so:---:1e f:1·-r:bnd::---:1ent:,, RFm ca:-d 30:J ca:~: i:---:ch~t!e a :n:c:\1p:\1ce:,so:: t:1:d '.:he f,C!l:~:ponentr, ca:---: ~Jf: ::---:1p!e:~nf:11ted rF, a SfJfhvare :---:1eduh": :l1n:---:in9 nn 

·the 171:crGpro:::::e.ssor. 1:1 other er::bcd:rr;errts, F--'.F!D e::.::rd ~1DD ear: ::;c!ude rr;uhip!e prGe:e.s:.:rxs. c1r;d fr1e ;_;orr;prx1ent.s ca:: L"le imp!e:71>:nted a.s softY11a:e mGdLl:e.s tha-t are 

:ntei·spersed ~cross th-:: p:urn!ity cf prcc-::sscrs. 

:-ig:..:re 38 :;how:, a bkJck dlt:grarn ot o :nf:1:~:(!IY ca:-d con1potib!e RF:Q ca:-d \.V:'.:h i:~:tf:g:,ated r,f:llsin9 elerrx::~:t:;. The R:-!D card :302 1·f:present:, a per,:;ib!e en1bodirrx::~:t nf the 

R~!D cc1:d 120 Wi9, 1)_ The RHD ;_;a rd 3Ll2 ::;d~de:.: a tw.st irrterface 31 D. c1 rr;ernory ;_;a rd :::::cntrcU.::-r 34Ll, a rner::crJ 360. c1 sm:.::rt ca:d •:rxrtrG!:e: 3i!.G, a pr•Jgram men:crJ 

3:32, a:---:d a s:---:10!! inducti\..-e c•,Ynpnner.t 35G, an nf which are descri~Jfa! abe-../e w:tt: :'eferer.rx: tn FIG, '.::A- Thf: Rrm card 3Q7. :s f .. apabk: nf eo~~unicm::---:g 1111:'.:h a 1:~:en10:y 

c,1:-d slo:. '✓,tilhi;; thP- t::eb::f: c:;_1:·np:_;:.lng C:e-,.rice. sn!: fL:t"":he1~ the RF!O c:;::rd 3D/.. tfoes ::c:1 req:_;I m ;'.": :·ner~;<.;r:{ c:ci;d sk/~ '~c: i;~1p!P.::1ent ex-:e::ded i:1pL:1/G:J:p::'~ f::nc:t:or:s. HJ; 

~xampk, Gnd nm by W3Y ot :im;t,;,;on, ;p ac SD e;-,1::,c-riiment, the RelD ccFd 302 ccv, operate ;n 3ny SD 1T,emor1 card sl,:,, withes, ,h~ need fo1·" secure dig;t,;I input/output 

(SDio} :·n~r~;cry c:e1;d sk:'~-

:r: lhe pi:lrtk;u!;'.":t· e:·nbodl:nen1 rep;e:~f:::'~ed by F!C;. 3t!, st::81--: c:e1;d C!"J:r::"!"J!!e; :?,:3G :-ece:ves pGwe; f:rm: ;~1~rr:G:y c:;::rd eo::'~t·o:!er :34D. !n tht:se er~;bGdit::e:1t.s, H:e ;~1~rr:G:y 

,:on'.:ro!:er 340 can ::11·,:1vide ti~:e str:::Ft c~rc! ccr:tro!!-::1· 330. Th-:: pow-::1· 1s dii·-2ct!y-:ontro!:ed. The r::em,:1iy ccntrdkr 340 c~P apply 3r:d/or rer::cve pc'vver frc,p-: the si~:1~rt 

cci;d C!"J:r:m!:e:· :?,:?,Gin :·e:~p!"J:1se :.c eot::t::f!:1d:~ :-ece:ved th;;._1:_;gh ·:he hcsl inte:·foc:e Fot· exr.1rr:p:e, lhe n:e;~1ory cc:ntrc:!lH '.3t~D c:;::r: :-ece:ve e1 hidde:1 eommf!nd :.o mset the 

m1c1c\ u,rd ccntrcll~r 33Q by re-s\acting ,e,r;_,;_;gh pcwer cydn~J, 

;=ig~re 4 show:: 3 ph•:1t•:1 of a r::emoi·y card u::-P-:pmib!e RF!D c3rd '.<Vith integ1·~ted sei~:sir:g-::lernents. The RF!D G:ffc; 120 i:: dis::1lay-2d ir: ari apparent ::ize of an SD c::Fd, 

wf;l:;h ::~ ::c:'~ c1 :i:ni'~;'.":'~icn e,f :_f;t; pt·es~r:1 i::\.'H1ilo::. n,~ HF:D cci:·d 1 :.?D indudes ;::r: e!ectrcr:ic ;_;cr:tw;·: -:~:~:, ~ n:e;~1ory cci:·d cGnlm!:e:· 2.~~o. 8 :~rr:,1::. G;'.":t·d c:o;;tro:!et· :i:w, ~ 
menxFy 36Ll, a rn:.::gnet:c ccre i!.SD. c1:;d a <X'l:! 452, a:! •Jf ·,,vhic~; are fixed tc the e:ircu:t bGard 402, 

,:-,e magn~t1c co,~ 450 and the cc;: 452 cm, be ;p·,plemen,~ri as,; small icduc,;ve dement 350 (Fig. 3), .4s c3n o~ se~;-, ic th~ phmo, ,h~ sm3I: sensing e:ement c,;n be 

;'.":s:~P.:nb!ed i:r:o '~he Gvernl: si::.t: of ·:f:e ;~1~r~;Gry c:e1rd ·r he s;~1r.1!! i:1due:i\1~ :;c:t::pc:1~r:1 does r:r;t fJ:"!"Jv::.fo pc:1..vt:: IG ·:he .sr~;r,1::. c~:-d c:;_1;;:_;;_1:!e:- :::rn, sc: :t Is net :1~ees:~,1:y h: 
make fr1e .size laruer for fr1is purpGse. 

;=ig~re 5 show:: '.:he ,::bt~ portion cf 3 i~:1err:ory c~1T! write cornrn3r:d. !PC:ud-2c; are hic;der: c,:1P-:P-:und n:atei·i~! V:3!ues 510, st~t~s bar 520, password f;e!d S30, device ;o 532, 

cc:·n:·ne1r:d index :-;1~0, ~::cl h:dden ;_;<;r~;rr:,1:1d relr.1twJ t"'::81e:·ie1: 5:-50. :;; lhe ex,1:np:e Gf i= ig. S, lhe l~nglh c:f '~he dr.11,1 pc:nion :s :-;-: ~: by:es, wh:ch is rJ!)I ;'.": !:r~;ll8ilo:: ;_1f the 

pres-::nt :r:ventior: . .4ny r:utr:bH of Purnbers ,:an be 1nck1ded in the writ-2 cornr:13nd, ar:d th-:: tie!d:: :r: Fiqure 5 ,:m1 be ,:if m1y ;eng'.:h. 

:n the ~xampl~ of Figure 5, ,he :-,1dden commacd d,;tEJ V3'Lle is 256 bits in lff,gth, "'though Cl;-,y lff,gth c3n be us~d hece;n ,,mh,:,Llt dep3°,ing fcom ,:-,e SWi:,e oi ,he 

invP-::'~ic:n. in sc:·ne P-ml'"x:C:i:·n~r:ts. th~ hidde;; :;ot::t::f!:1d d~-:~ vr.1hje 51 G is :_;sed 1t1 n;t: men:c:·y write cGrr::n~::C: :s :-eC:\.'lfF;l1-ed r.1s 8 f;ldden cGrr::n~::C:. \Ah;t::1 8 i.'\1:1·:e 

ccnFn:3Pd receives u r:-,3teri:3; owri-::d by ti~:e tirst 256 bi'.:s (which i-:1~tches ti~:e hidd-::P cctr:tr:ai~:c; d3rn va!~e), the conFn~Pd :s 1·-::cogr:ized as a conFn~Pd '.:O be conv-::1·t-2d 

'.:O the sn1a~ card U!lltr(!!ler. A:, desuibed 3~JfJVe, a hiddf:1: cerr.rr.,v:t! addrer,:; va:Lie ca:~: be u:;ed '.:e a:;soCl:":tf: or o'.:her'Nise :V:l"f:!med tfJ :": h:drk:1: ce~rr.and dma \/a!:..:e tfJ 

:de::tify t~;e men:c:y write •:Gmrna::d c1s :.:: h:dde:: c•Jrr;rr;and. 

When the memocy is Mitten as a hidden ccmm,;nd, th~ ren-.aini;-,q tields are moce impoctan,. Foe ~:<3mpl~, if th~ 'll'St 256 Ms den,:,, n·,EJtch the hidden comm3nd dEJtil 

'l:":!ue (er If thf: 1Nrite :":t!rkesr, t!nes not 1:~:ateh the hidden co:---:1:---:1ond add:,esr, vol:ff:, er ~JfJt~1}, tiler. thf: ren1a:ni:~:g :r. thf: dmo co:un1n The bi'.: :r, t:"f:ated ar, if:'.: 'Nf:re :r. t~1f: 

genera! rr;ernory v1r1te c;_1:1v7lQPd. Co::v.::-rse:y, i.-1;her: the memor1 ·,,vri·te i.s a hidden c;_1:71:71Qrd. the rernain:r;u ·f:e!ds :.::re u:.:ed Le fu:the: tra:1:.:!ate the hidde:1 command 

Memory c3rd ,:,:1Pt1·,:1!!er 340 (;=1gs. 3 und 4) verities ti~:e hidd-::n ccmm:3Pd d3ta va:ue 51 a, ::tutus bai· 520, arid, if po::sib!-2, '.:he ::1ussv;ord tie!d 530 arid device !D S32. !n 

SfJ:"nf: e:---:1bed1:~nf:llts. :ftt:e ce:n:na1:d :s :"fa'":og:---:ized a:, a hiddf:ll ce:n:na1:d, thf: 1:~:en10:--y f .. ard centre!!er 3•~0 fcrwt:1·ds '.:he (J:":SS'N(!I\! 530, tt:e cerr.:na:~:t! :r.rk:,< 540, a:---:d thf: 

QSscc:ated n:ate::Q! 550 t;._1 t~;e sn:c1:1 ;_;Qrd :::::cr:1ro!!.::-r 330. 1:1 other er::bcd:rr;en·ts, rr;ernory ;_;ard :::::cntrcU.::-r 34Ll CQP take ae:·ticr: d1re:::::t:y based on hidd.::-n cc:1v11c1:;ds. 

Srn'.:~s ;:1m 520 c~P :r:c;ude ariy infcrr::ati•:1i~: related t•:1 the statu:: at '.:he hic;der: ,:,:1P-:P-:and. F•:11· exan:pk, st~t~s bar 520 c3r: iPC:ud-2 one or m,:1i·-2 birn tc indic:3t-2 to rner::crJ 

c,1:-d c:;_1:1t:d:P.: ::1..:.0 whe1he; th~ host .side (t::d1i:t: cc:·np:_;:_:r:g devi:;e} desi:-es :_f;t; sn:ci:·'~ c:;::rd tG :P.·::j:":1 tfate1 l:1 t·espGr:se t;._1 tf;t; hidd~r: !";{1n:n:c1;;d, :={:r ex,1:np:e, whH1 ·:he 

:.:tatus bc1r VI/hen 52D 1ndicQt>:s a ·,,vri·te tr:eQr;ing, t~;e menxFy e::.::rd c•Jr;tr•J!!er 34D wrn for-..v:.::rd the passvvord. d.::-vic.::- !D. ;_;ommand ::;dex, and re!Qted data ·,,vithcut .::-xpect:r;u 

to retun1 or.y dmo te t~1f: host. .4b.1 by way nf exa:~np!e, when tt:e statu:, bar 520 :nd:catf:s o :-eat!, '.:he 1:~:erno:y ct:1\! cor.tro!k:1· 3,~:J ~3f i1: the event that t~1e srr.w'.: ct:1·d 33:J 

is expe•:ted to p:cv1de tfatQ tG transn::t data ·to the hGs·t in :espor:.s.::- tG:.:: n:e:71ory ca:d :.::-ad cc:1v11c1r;d., fo:ward ·the pQssword, de,,rice !D, <X'l17V7mnd ind.::-x, Qnd re!c1ted 

rnateri:3;s. A coi-:1!:11n3'.:icn ,:if u rner::crJ card w1·it-:: cctr:tr:ai~:c; fc,!!cwed by a r::emory c3rd re:3c; ccr::r::arid c3r: ti-:: :.ised to provide 3 ''read'' f~PC'.:ior: to ti~:e sn:ar'.: c~1·d 

cG:r::d:e:· ·n1e recid:ng {1pe;e1:_:Gn fmrr: ·:he .sr~;,1::. c~:-d c:;_1;;:_;;_1:!e:- is f:_;rther (fosc::ki~d below 1..vllh :-efot·en;_;t; ·::J Fig 13. 

-rhe passwrxd ·f:e!d 530 i:v:!Llde.s a pa.ssY11c:d t;._1 a!:cw the .s:7lQrt •:ard cc:1t:c!;er 3JU tc QUther:1icQt>: the 1cken '.-\11th fr1e ~1.._-1:.:t. ::: .sorr;e etr:b;_1d:me::ts, e2:c~1 hidde:1 comm:.::r:d 

includes" p3sswcrd, :C:EJch tim~ the p3sm,10°d, device ID, ccmm3nd icdex, Gnd rel3,ed dEJtil 3re w1wected ,,:, the smo;i cmri ccntrclk1; th~ password is chec~ed tc 

;::ulhen1ic:;:::_t; ·:he td<.t::1 '.-Vlth ·:he hosl. 

Dev:ce ID 532 uniquely id.::-nti·f:e.s the he.st (:71,J~Ji!e ;_;orr;pLl·ti::g d.::-vic.::-) ·r he device !D e::.::r: L"l>: :::::he•:ked ~JY the :.:mart ::::::.::rd ;_;or;tr•J!!er Le er;s~re thc1t t~;e ·toke:; is :r;serted i:;t•J 

'.:he ;-:ost sid-:: to wi-:1ch it is auth-::Pt1cated. Sorne emti,:11J1rner:ts ,:1fti~:e pres-2Pt :r:v-::ntior: use device ;os to er.force u ~r:iq~e hcst/card ::1uir, whi!-2 other etr:ti•:1d1rner:rn ~now 

tf;t; sn:ci:·'~ c:;::rd eo::tt·o:!er f:_;r:e:ioncil:ty ,~{1 b~ ,1cc:essed by c1:1y hc.s:. 

-rhe •:rxnrnar:d :r;dex -':,40 ide:;t:nes th.::- type c,f hidde:1 cornm:.::r:d, The r:u:11L"l>:r Gf pos.s:b!e h:dde:: c•Jrr;rr;ands :s :i:nt.::-d o::!y by t~;e ::umber c,f bi·ts c•J:;nfJLlred ;_1:; them. _.o,r:y 

cumo~1· c,f bi,s c,;n be contigured ,,:, the co;-,7;-,1,;nd ind~:< 540 withes, dep3rticg from th~ seep~ of the inventicn. H;drien co;-,7;-,1m1d relo,~ri mmeri3I 550 co;-, be used ior 

i.';'.":t"i{:u.s type.s Gf hidde;; U)t::t::c1:1ds ,t\nd L:s~ i'~ C:iffo:·e:1tly. J\ny ::L:n:be; Gf bils c:;::r: be ~r~P.d 1t1 h:df: '~he cG:n:n~::C: :·e:,11P.d n:cite;:;::! :-550 

-rhe :nforrr;atio:: .s~;owr: :r; !-=i9u:e 5 is pr•Jvided as a:; exa:71p!e, QPd fr1e dQtQ fle!d c,f the r::enxFy e::.::rd c1•:e:es.s :::::or::r::a:vj may :r;dud.::- more er !.::-ss tfatQ lie!d.s tha:: the data 

f:ek!s s~1ovv:---: I:~: ngure 5., The in'H:1:tinn ir, not :i:nitfa! bytt:e cente:~:t nr 11:.i:---:1bw fJff:e!ds \.V:'.:hin a n1e~er/ card au;esr, co:---:1:---:1ond. 

:-ig:..:re 6 sho'N:; o f1fJ1111 cha:1 i:~: acco:-dt:1:ee 1111:'.:h \/arit1:.is f:1:~:bnd:~ent:, nfthe p:-e:,en'.: inv·e:---:'.::en. ill se:nf: e:---:1bedl:w:1:ts. :~nf:thnd SC:O can be Lised ~JY 3 :~nobile U!ll:p:.i'.:::---:g 

devi:::::e t•J comm~r:i•:ate '.-\.'Ith :.::r: R;:.:;D •:ard w:t~;1n a :71>:mGry cc1rd s:ct j:; sor::e .::rr;bodir::e:1t.s, r::eth•Jd 60Ll, •Jr pGrt:ons 1he:ec{ is perf•Jr:71>:d by a mobi!.::- :::::cn:put::;g device 

htNing a 1:~:en1ory f .. art! skJt, 1Nhi:e in (!tt:e:, e~bedi1:~:ems, 1:~:ethod 600, or pen:er.r, the:,eof, is sehwt:1·f: Exf:cute6 T~1f: vwifJ:~s octio1:s 'Nithi:---: rr.et~1ot! c,oo C:":ll be ~~Jf:rfrJ:":nfa! 

:n ·:he ;_1;d~r pmse:1ted, i:1 r.1 diffot·ent ;_1;d~r. er c:or:e::t·:-e::'dy. S'~i!l f:_;rth~r. i:1 WJ::le er~;bGdit::e:1t.s, s;._1:·n~ !"Jf lhe ci;_;:_:rrns l:s-:ed i;; !=!G. h ci:·e lg:1ot·ed fr{:n: :·n~:.f;Gd hOO. 

-rhe 171ethGd 6DD begir:.s at 61 U vvhere c1 da-ta pc1tte::1 and a:1 address value are :e•:eiv.::-d frorr; a:: RHD ;_;a rd Y11:t~;1r1:.:: :11err;ory cc1:d s!ot. rhe da-ta pc1tte::1 correspctv.L ·to the 

hlddf:ll ce:n:na1:d dota v·a:ue, or.d t~1f: addre:,s 'la!ue co:-:-e:;ponds to the hidden CfJ:n:~nt:1:d odd:-e:;s V:":!:.iec ::~: se~e f:rnbod:rr.e:~:t:;, the 1:~:(!bHe t!evlu·~ only" receiver, the data 
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v~!ue, while :r. oth-::r embcdim,;:pts, th-:: mobi!-2 device cn!y rec-::1ve:: the 3(1,::fr-::ss vah_:e. !n scm-2 ernbcdii~n-::nts, th-:: action of 61 Q cc-:urs cn,:e wh-::n -::he RF;o -:a rd :s first 

:nse:·'~ed :r:tG lhe :·ne;~1cry cci:d sk/~. rhe rr:Gbi!e C!"J::1pL:1ing (fov:cf: c:e1;; :jse :_f;t; ;'.':ddreBs find (fal,1 ,,1;::!ues i.'\1he:1~1rerthe rr:Gbi!e (fov:cf: est;::b!:sh~s 8 :i:drfon ;..-:Gr~;rr:,1r1d. j;; 

•Jt~;er err:bcd:rr;ents, each t:i7lf:- fr1e RHD -:..-:ard is :m::ened :r;to the rr:e;7VJry card :.:!o"t. r~;e :.::cti,:.:i;; Gf 61 Ll i.-1;i:! •J•:e::..;r. ;;; sti!! f:)rther embodi:11-2r;ts. the a:::::ticn •A 61 D rr:ay 0:::::cu~ 

~~)e:,iodict:!!y. 1Nher.ever acti(!I: s ! C: fJce:..:rs, the data ~~Jatteri:s rr.ai be t~1f: sarr.e C!r ditfe:,e:n:~. t:1:d '.:he t:c:dress vo!uf:s- r:1oy be the s-ar.":e o:- c.Hfforen'.:, 

J\1 6?0, the (fal,1 field !"Jf lhe n:e;~1Gry cc1:·d QGce.ss ce:11:11e1r:d i8 pGp:j:c11ed by the da:~ pc1ae:·n S!) 'd':81 Lhe G!):":1:":18nd Is c:;__1;;ver·:ec: te ~h~ st::8:·'~ c:e1;d Gn ·:he R.f":D c,1:-d. F;._1: 

~xampk \he data paHe:n ;;an be wr:t·ten ,ci ,"e data f:eld aB a hidden cci:11:,i;;r,rJ ma\eri,ii val:.:e ~' ll (Hj. 5). 

A.t 630, one cf the address tie Ids of the me:~,1,:.1y c3cd EJccess ccmmor,d :s filled w:,h the address V3lce m fcr:her Couse the command,,:. be c,:,r,ver,ed to ,:-,e s;-n3,, c:m:I 

cG:-r::-G!:e:· !:-1 8\.1:11~ embc:d:;~1~nls, ordy o;;t; of c~:o or 63D is used in ·:hes~ et::bed:;~1H1ls, :_f;t; p:-e8er:ee ;__1fthe hidtfo;; eot::t::8nd is rep;ese::'~ed by the dr.11,1 p811en: Q!G:"1e ;__1: 

i?/ the uddress va!~e 3!cn-:: . 

.A.t 640, the data field of the rnemcr1 ,:a rd 3c,:ess ,:ommar.d is ti!kd witi~i a conFn::rnd string t•:1 spe,:ify purposes cthH ti~iun memory c3rd :3,:cess. Fer examp:e, a 

CG:"f1:"f1~nd :~tr:r:g cc1:1 be vvr::.:.~r: ·:!) '~he :.fatr.1 ceh.;r~;r: ~8 Q :;ot::t::8:1d 1:-Kfox 5t~D fr:t· '~he sm~:-t :;8rd ;__-:Gr:trG!!er. n;ls c:o;~,r~;r,1wJ c:e1;; be ~r~P.d fo:- 8ny p::t·rx:s~. h:t· ex,1mp:e, :J::e 

,:11· p~iore hi-::kkn ccmn1:31~1c:s rr:ay have '.:he so!e p;yp,:1::e cf maiPtuir:ing povvei· to ti~ie memory c3rd slot sL:c!~i thm '.:he RF;o -:ard ccntii~iues to i·-::ceive pcwer . 

.A.t 650, the data field of the rnemcr1 ,:a rd 3c,:ess ,:ommar.d is ti!kd witi~i a pasm111ord t•:1 a:.i'.:henti-:ute ac-:ess t•:1 the Ri=!D c:31·.::J co:..;p!,;:1::; to '.:he i~n-::rnory c:31·.::J s:ct !i~i sorr:e 

~rr:b:Jdin:e;;:_:~. c1 pr.1s8WG:"d :s lndud~d :n ~h~ d;':'~;'.': ~~kJ {:f ee1ch hiddH1 ce:11:11e1;;fJ_ :n ;__1~hH f::":ll°"xx:i:11~r:ts, Q p~SSi.'\10:-d i.s G:"1:y i:-1ch.;dwJ 81 the begi:1;;lng {:f c1:1 t:xc:f;r,1nge. 

J\t 66U, a merr..;vy c3rd CF:f..::es.s corr:rr:a:1d is s.::-nt ·to the :71>:mrxy c;;rd p!:..;g r~;e Rt=:D card c,f t~;e skit For ex;;rr;p!e, a mobi!.::- ccrr:put;:;g device (11 Cl, ~igures 1, 2) c3r: .send 

3 me1·,·,c,ry co=·d EJccess com:~n:rnd m 3n RFID c3rd in the memo=·y card slot (112, ==1~cres :, 2i ('20, tics,, ,h=rci, 4 ,:,1c,uce\. The RFID c3rd i=-,clcdes a memo=y card wntrc,ller 

(3~~o. Hgum ::) '~o c:o;;ven c:e:11:11Qr:ds be1:~P.d en :_f;t; d;'.':18 ~~!ds ~:nee: :;; me'~h{:d 600. 

~ig;)r>: "l s~vJws;; no\111 •:hart :r: c1•:cord3r:c.::- \111;t~1 varicu:.: err:bcd;rr;en·ts cf the prese:1t 1nve:;t;c,r1. !n :.:rxne e:7l~Jc.dirner:1s, me1hcd 7GD cc1:1 be us.::-d by an R~!D c::ird with;:; a 

r:1err.fJ:'Y eord :,!nt. :r. :,l!l:·:e err.~rndlrner:'.:s, 11:e'.:hod 7GG, er pfJ:iien:; thereef, Is pe:·ferr.":ed by a 1:·:en10:y ct:1-c: cer.tro!k:1· 1Nithi:·: a r.":G:flfJ:y cord f,l!ll:pm:bk: Rr-!D eord, and In 

o:.f;t::- et::bed:r~;H1ls, r~;t:lh!°Jd ?OCl, o:- rx:n:{:ns :.hf::"P.of. i~ :s exP.u:1ed by the S:Jftw8:·e. ·r he \.'r.lrlG:jS e1cti!"J:"1s :r: me'~hed !OD cc1:1 bf: pe:·fot·med :r: ·:he ;__1;der pmsented, in r.1 

d1ff~ren, order, oc ccncur=·ff,tly. St1I: fur,her, ic s,:,r,·,e embod=1·,·,en,s, some of,h~ actions :is,~,:; :n F=G. 7 ace ig=~,,:.red tcom methcd 700. 

The :·nethnd 70Q beg:r.r, at 7 ! C: 1111:'.:h a :·nernn:y ct:1·d accf:s-s co1:·:1:·:a11d rerx:ived fro:·n a r:1ebl!e cerr.p:Jti1:g dev·lce v:o a hns'.: intf::·frKe. The :":e'.::or. fJf Tl G cer:--esoo1:ds te a:·: 

::.;.:= iD c~:-d 1..vlthi:: the r~;P.mo:-y ;__-:r.1rd sk1~ of ~f;t; mobil~ !";{:t::pu~:;;g device 1he1~ r~eeivP-s e1 r~;t;:"fl!"J:"1/ ;__-:r.1rd ~cc:~ss ;__-:Gr~;rr:,1:-Kl 

J\t "/2.U, the rr:e:rn.vy card .;_-:c,r;trc.!!er c~;eck.s the oiter;;; :r: the memory •:ard 3c-:.-:ess •:fJmmar:d 1c determ:r:e ;f t~;e merr.-:.Fy c3rd ::i•:ces.s corr:rr:a:vj shcu!d be c-:.1:;vened 1c;; 

s:na:·t f,arc: cer.trdh":r resirk::·:t n11 '.:he Rr-:D ca:--d, The c:'ite:--:er. f,an be l!l:e er bfJth l!f a hiddf:1: cerr.rr.a:·:c: do'.:o v·al:..;e •.x a hiddf:1: cerr.rr.a:·:c: addrer,:; 'la!ue. !f thNf: :s :": 

crllP-:"io:: :11e1~d: ~,~ ?3Cl, ~ h:ddP.:: c:o;~,r~;r.1nd i.s p:-P.se:1~ed ~::cl e1:. !e;'.':81 Q fYJ:"ti!"J:"1 {:f1he r~;t;:"fl!"J:"Y'--:r.1rd ~cc:~ss ;__-:Grr:rr:,1:-1d i:~ !";{:nvP.:-:.HJ ;'.':1 ?•~O !f lhet·e ::~ :°:{: ;__-:;::.~r:rrn is :.hf: 

,:,hase lf,:-,e,e is no hidden ccmm:rnd, ,, w:11 be rend~red 3nd r,·,emocy occess wi=I be p~rfo:·med m 750. 

Fl9'.il"f: 3 s~1ows :": tlow cha:--! shevvir:g v·a:,io:..;s ernbodirr.e:·:t:; :r. aceordonu·~ witt: the pre:,en'.: :nv·en'.::er.. !1: serr.f: en1bodi:nf:1:ts-, :nf:tt:lX:! BC:C: f,a11 be Lised ~JY on R:-m ca:--d 

i.'\1ilhi:1 ,1 men:e:·y G;'.':t·d sk:t. ::: sGr~;t; en:b;._1d:rr:P.::'~s, thP- t::et!K1d 8DD, or pGr~:Gr:s the;eof, i8 pt::-for:11~d by r.1 met::ery c~:-d c:;__1;;:_;;__1ne:- w::.hi:-1 '~he R:= n) c~:-d, i.'\1hi!~ ::: ether 

~IT,bodime=~,,s, the r,·,ethod SQQ, or pcr::cns thececf. =s pecformed ::,ya softw3re cmT=ed cut ,:-,e vo:·:,:,us ac,:c,r,s in method SQQ c3n o~ pertocmed i=-, the crdec p:-esected, :c 

;'.': d:ffe;er:t !"J:"det·, Gr eo::c:u;:·e;;:_:y. s~:n f:j:"lhet·, In 8\.1:11~ eml'"x:d:;~1~nls, :~Gme efthe w/~i{:n.s !:81ed i:-1 He;. B r.1m :g:1o;ed frGr~; me'~h{:d BOO. 

r~;e me1hcd 800 beg;r;s at 81 G \111;t~1 a merr.cry c3rd a•:ces.s corr:rr:and received from c1 171c,bi!e •:Gmp:.i·t:r:9 devi-:.-:e y;;; a he.st 1n·terface. If t~;e merr.cry c3rd \-Hite cc:1v11::ir;d 

=s de,e:-m:r,ed tc o~ a hidden co:~,1:~,1:rnd, the process ccnti=-,ues ,F,,:1840; othecw=se, ,h~ memcry wr:,e =s periocmed "' 830. 

At e~~e:. the hidden CfJ:n:·nt:1:d :r, con'lNted tn the :,1:·:art ca:--d CfJnt:"fJ!!e:--. !f thf: h:dde:·: eor:1r.":ond Is J'.it!ged te ~Jf: "'read" ot 85G, '.:he hand!e:· cn11t:r:ue:; m 860, otherwise, tt:e 

~;idden •:fxnrnar:d ~;and:er ;:_: ccn.s1dered •:Gmp!ele, At B6D.1he memory •:ard centre Ber re·triev.::-s r:cn-:71>:mrxy d::it::i fr.;_1171 the s111::irt -:.-:ard ccr:1rc!!.::-r, a:vj a-t U?D, the rr.e:71.._-1ry 

cacd read comm3nd =s received f:·om ,:-,e mobile ccmp,Jt:i·,g device . .41 880, non-r,·,emocy do,:; is p:;ssed back,,:, the mcb==e ccmp:;t:1·,g device. 

MethfJd RO:J il:Lis'.::,mes t:l!l/'f a 1:·:nbHe con1p:..;'.::n9 t!e'lice ca:·: perfon:·: :'eodln9 fro:·n a s:na:·t f,art! cer.trdh":r 1Nlthi1: a r.":e:no:y cord Cl!ll:pm:bk: Rr-!D cordc T~1e n1obih": 

•:fxnp:..;ting devi•:e :s:.:ues;; memcr1 •:ard '.-'F;t.::- corr:rr:a:vj with;; hidder; ccrr:rr.a:vJ, ~-he hidde:1 comm3r:d has c1 status f;dd in,;.i;catir:9 t~k re3d, and the:; the rr.c~Jde 

,:omp:..;'.:ing 1Jevi-:e is::ues ~ 11:emcr1 ,:ard read comm3r.d. The handler ir. th-:: card re-:eiv-::s '.:he ;~11dder. ,:011:mar:d, recognizes it as 3 1·-::ad, ~Pd '.:hen ::1usse:: the d:3t~ back to 

·:he ;~1obi!e ;__-:Gr~;p:J:i::9 d~1ric:~ ::: :·e.spG:-1se :.o s::bs~quen1 :11er~;Gry cc1;d r~wJ c:;__1:11:11Qr:ds. 

;:.ig:..;re 9 sho'.-'.-':.: 3 fl.;_y,.r.; ch::irl .shG\lld:;g vari•J;)s err.b-:.1d1mer:ts ;p acc•Jrdance i.Vith the prese:1t ;nve:1t;c,r;_ !r: :.:Gme e:11t.1•yJ1rner:1s, rnethcd 9GG can be us.::-d by an R~!D c::ird 

within a memcry c3rd s;ot. :r: soP~ie embo.::Jirner:rn, the rr:etho.::J 900, ,:11· portioPs thei·e,:{ is ::1erfo1·m,;:1::; by u srr:ar'.: c:31·.::J cor:'.:ro:!H within the Ri=!D c:31·.::J, wi~11!e ii~i other 

en:b;._1dlrr:P.::'~s, thP- t::et!K1d 9DD, or pGr:_:Gns the;eGf, i8 pt::-for;~1~d by r.1 sefrwQr~ :;8tried Gut. ·:he -...r~:-:m:s r.1e::{:ns i:-1 method 9DD GQr: be pHfo:n~ed I:: the Grdt::" p:-e8e;;tHJ. :;; 

3 diffoi·ept order, or cor:c~.vrei~it;y. Std! t:.i:--ther, 111 som-:: embcdii~n-::nts, ::ome cf the ac'.:icns !:ste.::J in F!G. 9 me ign,:1i·e1::; frop~i me'.:hcd 900. 

Tt:e r:1ethed 90:J be9:1:s at 0·1 G wit~1 a srr.a:·t ct:1\! accf:s-s f,01:·:1:·:and ref,f:i'll:·:g a CfJ:·n:·nt:11d fron1 '.:he :·nf:11:txy ct:1·d eor:'.::--o:!N. Th:r, con1r:1or.d ctx1·espend:, tn o ~1it!der: 

ce:11:11e1r:d :-ec:e:ved by the r~;t;:"fl!"J:"1/ ;__-:Qrd !";{:ntt·d!H .. l\i q:-;o, thP- 8:11e1;1 ;__-:r.1rd !";{:ntrd!H rfo·:et·m:ne:~ if '~he CG:"f1:"f1~::C: :s ;'.': \k;r~;r~;y'' c:;__1:11;~1Qr:d ·:h;'.':1 i:~ p:-im;'.':t·:!y ::8ed tG :":1;'.':i:1~e1:n 

pc'vver to '.:he i~n-::11:ory c:31·.::J s:ct. !f i~iot, '.:he ::mart c3rd ft_:n,:tion spe-:itied 111 '.:he ,:i:,1T111:ar:d vvi:! ;:1e e>:-::c:..;'.:ed :3t 930. !f s,:1, '.:he ,:011:mar:d is ignoi·e.::J m 960. 

Tt:e r:1ethed 90:J ca:·: al!evv o rr.f::·rR!IY ca:d cnn1po'.::bh": Rn:J cord \.V:'.:hin tt:e r:1err.e:y eord r,!l!t tn :--er:1oln pnwf::"fa! w~1:!e the 1:·:en10:--y f,:":I\! s!et 1111:'.:hin tt:e hest de;icf: :s 

be:;;g :-e::K:\.'HJ ·::J 8e1ve poi.'\1et·. n;ls i.s tG cen.s:_;uct ~ hid:.fo:-1 c:;__1:11;~1Qr:d fo:- ·:he .sGf~w~:-e v,;ilhin the rr:e::K:t-y c,1:-d ;'.':GCt:S8 CG:"f1:"f1~nd, wh:ch '.-v:n h::.fo ·:he ;__-:Grr:rr:,1:-KL ,\ 

ccop~rntive eff,:,1·t o~twee=-, the memo=y card wntrc,ller th 3, switc:~,es tc ,h~ smar, co=·d conceolle:- :;r,d ,he smac, c3rd c,:,:-,,,·,:,=ler ,hat =gmces the command. According,,:, 

~f;t; et::bed:r~;t::-r: t·epre.st:rr:ed by Figu;e 3,l\, '~he ;~1r.1n:-1er i:1 which rx:'.-Vt::" :s :~upp:ied IG ·:he RHO Q!so p:·evides pGwe; ~;__1 :_f;t; sn:c1;1 GQrd :;on1t·on~r.1he;eby c1l!Gwi;;g lhe u.st: 

•A a srr.aB :r:du-:.-:t;ve devi-:.-:e, a.s shewn :n ;:.1g:.ires 3 ar:d i!. 

i=ig~1·-:: 1 Q si~iows ~ tlow ch3rt ir. ~cccrdan,:e witi~i vario~s embo.::Jirner:rn of th-:: presei~it 1nvePt1on. !n some ei~nbodiments, method: 000 C:3P be u::ed by ar: RF!D ,:m-1::; within 

Q met::{:ry c~:-d 8!G:. !:"18;__1;~1~ et::bed:r~;t::-r:s, :_f;t; me1hed 90D. ;__1; pGr1io;;s'~he:·e;._1f, :s pHfo;n:ed by Q rr:e::K:t-y c,1:-d ce:1~:d:f::" w:~f;ln ·:he Rf::) c,1:-d. whi!e l:-1 dhe; 

.::-mbodirr.e:;t:.:, the rr;ethod 9DO, or pcrt:cn.s therecf, ;s performed ~JY a :.:fJfti.V3re -:.-:arr;ed cut r~;e v::;r;•Jus act;c,r;s i:1 method 9DO c3r: t.1.::- performed i:; the crder preser:1ed, :r: 

:": d:fte:--er.t fJ:'dN, er co:·:c:.i:--:,er:'.::y. S'.::!! f:J:1hN, in s-on1e f::·n;-Jlx:!:r:1entr,, sernf: nf the rKtil!llS !:s-ted In nG. 1 CJ are Ignored frerr. :·nf:thnd ! C:OQ. 

n;t: methed ·: DDD begins e1~ 1 o·! D '.-v:th ~ n:e;~1ory c8:·d cGnlm!:e:· :·ect::v:r:g ;'.': h:drfo:: c:or~;r~;r.1:-1d fr:Jm c1 ;~1obi!e ;__-:Grr:p:J:ing d~1ri-:.-:~. :f 81 1 Cl?O, the r~;t;:"fl!"J:"1/ ;__-:Qrd !";{:ntt·d!H 

deterrn:r:e.s that ·the ~HJder: .;_-:c,mmand ;:_: abcut 1-:.1 be cc:r,,rerted le the sm3r-t card •:Gn·trG!:er, ·the .;_-:c,rr;rr;and i.s ccr:vert.::-d 3t 1030. !f the oJrr;rr;and i.s no·t rea-:.i'y'"tO be 

cnn'lNted, '.:he :·nf:1:·:rny ca:·d eor:'.::--o:k::· ~·foes not con'lf:l"t t~1f: cer.":r.":and; heweve:~ ot ·i Qf..:.G the rr.e:·no1y card cn11t:\1!:e: f,a11 '.:akf: nther octio1:s br:1:,ed en t~1f: h:drk:1: 

cc:1v11::ir;d. ~er examp!e, ·the 111.::-rr;Gry c::ird cor:tro:!er •:ar: rr.cd;fy 3 ckJck. :.:igr:a! provided tG ·the .srr;art card c-:.1:;tr-:.1Ber. A!s•J as ::;:; ex::;:71p!e, t~k rnerr:crJ card c-:.1:;tr.;_1;!er cc1:1 

3s::e:--t a reset sign:3; to '.:he sP~iart card coi~iti·oner. Stin 33 ~P e>:~P-ip!e, the rr:emory c3rd -:i:,pt1·,:1ner C:3P modify ti~ie pcwer transfer tc th-:: srr:ar'.: c:31·d cor:'.:ro:!ei·. lr: Figure 3B 
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:r. ~ part1cL:hF ernbodirr.ei-it, -::he m,;:p-iory c~:Fd cor:-::ro:!ei· ,:an rr.c-::Hy-::he p,:1wer trnnsfo1· to the si~n~1"t ,:a rd ccritrcBer. Pcwer trm1sfer c~P be ni-:1d1tied tiy rr:e.:FiS of rerr:cv1ng 

pGwe:; ;'.':pplying pG'✓,tet: :;irc:u:,1n:1g p;._1i.'\1et: ,1:1d the like 

-:-he :~tP.p c:f rned:fyi::9 the p!"JWer :_;;;:r:sfo:'~o the srn~n :;8rd ;..-:GnlrG!!er c:;::r: be;:: eo:b:1bGmll,1e t:ffort b~t'✓,tee;; thP- heB:. side cGrnp::'~ing dt:,dct: ;'.':nd :_f;t; ::1erne:·y G;'.':t"d 

ccntecl:ec ,,m:·,111 ,he RF'D cacd. Foe e:rnn,ple, ,he ;:,,:,wee supp:ied t,:, the me,·:1c,1y c3ed slm c;;;-, be n,3,ptiJiced 1:-y s;;pply,pg 3 ,ictcill co,·,,:e3lmff,t con,n,3nd t,:, the RFID 

c,1:d. e1s described e1bG1re i.'\1i'd': refo;e;;ee Le:= iG. \A/hf::: p;..1wet· is G!"J::'~inuo:_;s!y s:jpp!:HJ ·:o the r~;t:rn:-;ry ;..-:r.1rd s!et, ,1 hiddt:r1 c:c:·n:·n;::r:d cc1:1 bf: L:s~d ·:!) e:1;::b!e the r~;P.mo:y 

•:a:d c.;..1:1t:c!;e: ·to r::cdify. ::ipp!y, or recyde pGwe: t.;J t~;e srr:cF1 c;;rd e:or:1ro!!.::r. 

Mcdifo:cr:::or:s to pow-21· c;e:ivery rr:~y 3Uc,w fer a-::k:lit1on3! ::ecL:rity focr:::..ires. For e>:~P-:p!e, t;__ffi-:1ng cff-::he ::11:::,wertc tho;: sr::ar-:: c~i-d cor:-::ro:!-21· w:B shew thcr:: -::he sP-:art card is 

:n~c1ivP-. e1r:d ·:h::s tht: ir:fori;..1:· :·e;::dP.: cc1:1 bf: prevP.::'~eC: frc:rr: u;;r:P.ce:~s;'.':tJ' ;er.1dir:9 ;Jf th~ :;md. s:r:ee the ,1;:'~er::1;:: is 1rK1 sm~:! to pr!Nide s::ff:c:P.:r: pcv,;P.: ·::J H:e :~rr:,1:t G;'.':t"d 

conceol:ee, in o,·d~r t,:, properly operate the caed ,·e,;dicg function, ,, is necessm-y ,o cot;l'!', pcwer fr,:,p-, the me,·:1,:,;-y caed cc-ntrc-ller oe !rem the host i,·,,~rfoce. 

:=:ig;__ffo;: 11 si-:ows ~ me-::hcd ,:::if ~uther:-::ic~ting a ni-:::1!:1i!e -:i:::•P-:putir:g de•.tic,;: to or:e ,:::11· p-:ore t:..ir:ctioi-:s witi-:1n a i-n,;:rnory c~1·.::J cornpatiti;e R:=:!D c~i-d. The rr:eth•:::1.::J 11 QC: ti,;:qir:s 

;::t b!oc:k ·! ·i ·i o, '✓,the;e ,1:1 ci;_-::.:v;'.':Lic:1 c:J:fo :s :ec:e:ved ;:::_ thP- ~F!D ce1rd f;;_1;~1 thP- t::c:bi:t: cc:11p:_;:_:r:g devi:;e. At 1 ·: :.?D. the rw;ei"..red e1ctllrc11k1;; code :s c:;_1:·np;::md ·:o the c:J:fo 

otoced in ,:·,e RFIO c;Fd. If the ac,,v3,icn code m;;tches, thee 31 1: 40 ,he RF'D cacd receives a p3sswoed frcm th~ mobil~ con,puti,·,e; dev,ce ;;,·,ri s,ores ,:·,e pasowcrd ,p the 

R:-!D card at ·1 ·i 5G fnr la-::er !F,e. If the ac-::ivt:ti(!ll cc:fo does 1:nt n1a-::ch, the:--: at ·i 160 -::he m:;o ca:·d dete:·:n::~:es If t~1f: n:..:~be:· of t:!!O'Nf:d -:::fa!;, has :::<ce::c!ed Ove:. !f the 

r:u:11~J>:r of a!!cvvab:e att.::-mpts h::i:.: bee:1 exc.::-eded, the:-: the RF!D t:3rd i:.:s:..;e: ::.: ccnta-:.-:t.::-d 3t 11 lO, and If the nu:7l~Jer of a:kY,,vab!e attemp·ts ~1;;s r:c1 been exceeded, the:1 

-::he :~:lf:thnd w:!l rep::at the atte:not '.il:til the 1:un1ber cf a:!o\rin~J!e atterr.ot:, has ~Jf:er: e.<ceedf:d 

Method : ·! QQ car. ~Jf: perton1:ed wher: a:~: Rrm card i:; :s:,Lied tc a use:. F-tx exa1:~:p!e, tt:e RF:o ca:·d car: b:: a r:1cbi!e pay1:~:en-:: ca:·d lssufa! by a tir:am'.la: ::~:sti-:::..i-:::cr. .. 4 '.iser­

in:t:ated c-:.1d.::- can be prov:ded Le ·'c1•:t1va1e·' t~;e Rt=:D ca:d, VI/her: the user .s:)e:ce.ssfu!:y er:ters t~1>: activatior: c•YJe. the use:::.: prov:ded ',,',,'Ith 3 .sd Gf p3.s.swcrd.s t~mt wrn be 

stc:ed fo:· Lise::~: flitLire hiddf:11 cc:n:na:~:ds 

:1: scrr.e en1bodi:n::1:ts. :n:J:tlple :101:-n1er:1cr/ f:v:ctior:s \.Vithln the RFm ca:·d a:·e id::1:tlfied :Eing rr.::tt:(!t! 1 ! C:O. :-nr exa:~n~~J!e. f:ach fJf :": pl:..:ra!:ty cf r.c:1-:~:1e11:o:y funf..ti(!llS 

may h3'!>: a .st-:.ved ac1ivatior: c•Jde. ::;:;d eac~; functicn ~;as be.::-n 3ct:1,ra-ted .sep3rn1e!y. l::ich cf the :.:eparately a-:.-:t:v3ted fu:;ctior:.s :7my ~1;;ve ::i differer:t pa.ssY11-:.vd, or ·the 

phJ:"a:ity fJf functions :nt:y r,t:are a oass'1✓01·d. 

Whil~ lhe i;;ventk1;; h~s bt:P.r: desu·:bed with ;espec:1 t;_1 :_f;t; et::l"KKi:r~;P.:r:s ;_1fthe P-ml'"x:di;~1~r11s {:fthe pmsent :r:1re:1t:or:, it :s :mder:~tGGd ·:hcH the l:1ver:nG:1 t::f!y be 

mcdif;.::-d 3r:d •:har:9ed as -:.-:an be :eadi:y unde:.s1-:.1.;.1d by 1~1-J:.:e .s:-.:i!:ed 1n the ;;rt ·,.vithcut d.::-part1ng from the spirit a:vJ sccpe Gf the i:r,,rer:ti-:.111 Such :71-Jd1lkati-:.1:;s 3nd 

'l:":1·:atior:s :":l"f: ccn:,lde:--ed tfJ fo:! within the sccpe (!ftt:e inv-er:-:::cn :":1:d-::he :;cope oft~1e appe:~:t!ed dain1s. 

1 '.22· ·Elecceonic conrnct 

2; O •• proce,,so, 

330 ··Smart Cm-ri Contcol:ee 

340 " Mernoy C;;rd Gor;troller 

342 •-C.:crr:rr:u:1:e:aticn ~Jus 

:=:ig;__ff':: 1 sh•:1ws ~ rnobi!-2 cornpL:tirig device arid a memory c3rd s;ot ccr.-:p3t1!:1!e Sr.-:3!; RFl:J card; FigL:re 2 shc'.<VS a ;:1;ock .::J1agrar.-: cf~ p-:ob::e comp:..;-::ing c;evi-:::e; Fiqure 
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gt:r1ernte Q sig:1Q! ;'.':c:;..;c.rdlr1g h: the wJ:ifa":e1t:c.ri sig;;r,1!. 9. ThP- c:;..1:1t;;..1! dev:ce ef c:r.1:::1 -:, furthH eoL:p!~d ·:a:-J 8 ;..;c.rr:p:J:et· sys-:et::, whe:·e:ri wf;H1 -~he :.fotw/~ing ci:-u:it 

generates the nctif1cmion sign 31, the c,:,i-,tI·,:,: device sends CJP interrupt s;gn3I to mtify The co:-nputec oyste;·,1_ 10. A :-neth,:,d fc.1· prc-tec,ing,; me:-ncry cacd cont 0ol 

devlf .. e, thf: 11:e:n:10:--y ca:\-:! centre! c!evlce hav·ing a bus ba:~ and tt:e bur, ba:, ha-../l11g a ~-)l!We:" :,Lipp:y !::n:e to nutp:..1-:: a oower r,:g11a!, the prctef .. til!I": :n:1ethcd cnn1p:--:s1:-:g: o 

beta ;71easure:11.::rit Controlling one cf the oper:.::tir:9 states&gt; ;;rid ge:1>:rnting c1 PG ti flcati•J;; v,1her; the .:,.1p.::-rnt1ng .st~te ex.;.;eeds t~k pre-'2~1i!.2i!. 0perati:19 range; and 

odJ'.iS-ting thf: e:..1r:,e:n:-:: en tt:e pG'Ner sir.int:! :inf: basf:d nn -::he :-:ntlncatifJ:-: s:r.int:! or.d :-:l!t under thf: pnwf::" :;:gr.a!, The ope:,m:cr.a! s-::me fJf thf: eor.tro! df:vicf: :s ca:..1sed 

to fQ!! -..vllhi:: the prP.deten::i:1~d ope:·c1tio;;r,1! rnng~. -..- * 1,.. -1,. f ::. n,~ p:-u:ecti;..1;; rr:P.·:hod desu·:bed ir1 dr.1irn-: o i.'\1here:;; lhe eperQnGr1;'.':! :~tr.1tt: is :_f;t; cu:re:1t :~tr.II!: {:nth~ 

::11:::,wer s1gn3! ;ine. 12. The ::1i·ot-2ctio:n: tr:eth•:::11::; of d~iP-i 1, whereii-i the st-2::1 of de-::ectiPg -::he opo::rutio:n:a! state cf the p-iernory ,:m-1::; ccr:trd devi,:e cctr:prises: 

pt·o,,1:dir1g c1 prwfo•~en::ined u:n-ent te gt:r1ernte Q predete:n::;;wJ \.'o:tr.1ge; Qr:d c:e:11pQr:rig -~he pr~dP.·:et·rn:ned 1rdtc19~ w:th thP- -n:e pc.we:· .sig::8! Is u.st:d ·:o ge;;t;r8lf: 

·the :vJt:11:::::2:tic:1 sigr:aL 1J. n1>: rnethcd •A pr•Jt>:ctir:g ~•-·e:ording t•J e::a:;71: D. further .:,.;c;rr;prising: storir:9 t~k si:1 PGtiflcat:,J;; Biff1;;! in;; s·tor:.::ge unit ~;;rJ :::::cntrcU1ng 

-::he (J~-Jl:::rcltio:n: cf thf: 11:e:n:1ory ca:T:! CG:lt:"cd c!e'lice aCCtll"C:i:n:g tG t~I(: no-:::Tic:":tklll s:~mal 1:-: the stG:",:19(: :Jr.It. ;--:c T~I(: p:--otecti(J:I 11:ethod acco:--d:r.r-1 to dal:n 10, funher 

,_·rxnprisi:19: prov:ding c1 w:.::rr:i:19 dev:ce </ Rn> the ',,\.'omir:g device is :ssued o:::::ccrd:;;g to the ;;c;t:li:::::ati.;.111 sign~; - an ;;!ert si9:1;;!.. 1 -':,. The p~.;.1te•_·t10n tr:et~vJd 

,;cccrding tc- i,em H) ot ,he p,;trnt 3ppkmicn, whe1·~in the I-c,emoey c,;r,J ccntrol 1323424 - the device ;s tucthec ccup:ed ,o 3 compu,er system, the pcctect;on 

methed further VJrnp:-ise:~: ··:s:~u:::9 ;..1;;t; wf;H1 -~he ;;c.:.lfia:-;8tk1:1 s-:~·::jS ;;urr:be:- is gP-::ernted" ThP- ·~en-b;er.1k s:gri~: (i:1ter;up:. signc1!) Is L:s~d ·:o i:1fe:n: th~ a:-;ot::pute; 

syste:-n. 16. A IT,e,hod fer pcctect;n~ a mffcmy ce3;·d cocceo: device. The mei-c,c,ry ce3;·d conceal device has " bus o,;I·, and the bus bac has a pewee sig;-,ul li;·,e toe 

outputti:19 a pcwe:, si~v1t:L The pl\!tee-:::cr. :-nf:thnd :nduder,: f!'.Df:tee-:::r.r-1 t:1: ar.":blf:1:t ten1peratwe state 'and r.ie:-:e:,ate a :-:l!tlikatifJ:I s:gna: w~1f:1: -::he a:-nble:n:-:: 

terr;pera-tLlre .st;;t.::- ex•_·eeds o predete~:11:r;ed tetr:per;;ture rar:ge; ar:d, oe:ccrdi:19 tG ·the 6-~;oi r:ctif;catior: .sign:.::!, it dee:.: not t:..;rr: .:,.1ff. C!c.se ·the p,y,,ver .s:gna: 1.:,.1 ':.::dj:_:st 

t~1f: current fJ:-: the pcvve:-- -:::,a:n:s:nis-sicn H:n:e' to r.":ake -::he a:-:l~Jle:n:-:: te:nof:1·atLire The :;tate ta:i:, wlt~1:1: -::he (J:"f:dete:--11:::n:ed tf:11:pe:--0-:::..:re :-a:-:ge, ·i 7. The r.":ethfJd nf e:a::-n 

·i C, whe;elri -~he :~tt:p {:f C:etecnr1g the r.1rr:bient ter~;pP-r~·::j:"e stQ:.~ a:-;{:t::pri.st:s. '-!"> 8 pc.s:·~:..,,,~ IP-::1pe:·c1tu;e eoeffldP.::·~ \.'oltr.1ge c1;;d ~ negr.1n,1e :.~r~;pP.:-~·~::t·e ;__;e,t;fflc:ier:t 
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Descriptior. 

T\A/I323424B - Memory card control apparntus ;md protection method U1ereof - Google Patents 

vo;t~ge; ~Pd ccrr.p::ffiPg -::he p,:1s:-:::v,;: ternpernture coeff:cierr:: v,:1;tuge tc th-2 neg,3tive The t"::IT:pern-::L:re ,:oeff:ci,;:nt vdt~qe :s used to qer:ernte ti~:e r:ctifi,:utior: siqnaL 

18. -:-he ;~1~thGd of c:h:>lrn H~, whe;el:1 H:e ;~1~thGd f:j:lhe: c:e:·np;:::>P.s: slG:i:1g the sin :10:.:nc;'.':'~ie:1 signci: I:: c1 slG:,1ge u;;f t; find C!"J::'~::"J:!:;;g lhe ep~rnnrJ:1 ef the 

"kfNXY c;;rd control d~vic~ aco.1:,i:ng to the r;oti rica\::.1r; Bi9'1ol in ,,k stcra9e unit. f': . .: ~xampk i:1 tbe prctec,:..,r; rnethcd descrickd in daim 16, ·the :ne,,,od 

f:J:"the:- :1:dudf:s-: r)?..31-!:?.•~ prcv:des a 1Na:n::-:g de-../iee, and the warning device r,f:nds a 1Narr.i:-:g sir.int:! ocf .. C!IY:ing tc t~1f: no-:::Tict:ti(!ll si91:aL 20. The p:ctef .. tin11 

methcd c,f c!ai:11: 6, i.-1;herei:1 t~;e mem.;.:i:y c:.::rd .;_·JJPtr•J! device :s further ccupled tc a c0mp:..;1er .system, the p:cte-:..;t:fJn meHwd f:)r1her c0mpr:.s::;g: v·,1hen the 

r:ctifi,:utior: siqna: is gene1·~ted, ~P ir:-::err:..;pt sign a! is sei~:t to no-::ify :;~:e ccmputH systo::P~:. 

:x_ Der,crlptior: cf thf: !n'H::-:tlnn: [Tf:chr.if .. a! Fidd] The present :1we:1ti(!I"': rek1te:; to 3 :nf:1:-:(!IY ca:-d cor:-::ro: rk:Vicf: and re!t:ted pro-::ect:01: n1e-::hcd, ar:d :flfJ:"f: partlc: .. dady-::o a 

171em0ry c;;rd :::::or.1ro! d.::-vic.::- h:.::ving ever temperatu:e prc.te:::::·t:cr. •J~ over c:)r~er;t prGte:::::t:cn, [Pr:fJr /\rt] ;r; modern He.:;; order to re-:..;c,rd div.::r:.:e data, a varie·ty •A ;71emrxy 

cards (s'.~Ch ar, Secure D19:ta! (SD} Ct:1·d, Me:nfJ:y Stick (MS} Ca:-d, or Cnn1pact :-!ash (CF) Card, etc-) hr:1:, been general:y devek:r;f:CL :r. fJ:"df:1· t(! faci!:tt:tf: the !F;,e:, to read 

·:he ;::bG1re ;~1t:rr:rJry c;::rd, 8 ;~1~rr:Gry c;::rd eo::'~ro: .syste:·n (;._1; c,1rd ref!der} 1he1:. c~:: :·ee1d lhe tfate1 <.XJ::·~en1 ;Jf d:fferH1I rnet::c:ry c~rds w::! bt: requ:;ed ... : .. he ;~1~rr:Gry c:e1rd 

ccritrd systo::1T: genei-~ny ;~:us ,3 ::ir:gle-s!c-:: stru,:t: __ ffo:: or 3 mu;ti-s:ct sti·u-:ture, '.<Vhereiri ti~:e sii~:q!e- s!ot s-::ruc-:::..;re i:: 3c,:essed fo1· u memcry cmd h~vir.g ~ sing;e or sii~:11!ar 

:~lruel:jre, ;::wJ -~he ;~1: .. dll-sk1t :~tr:_;<..:turf: c:e1;; be e1dr.1plP.d ·~c: d:ffe;er:t ehmc1;_;:_Hls-::c:s ·rhe me;~1cry cc1:d Is L:s~d for ~c:c~ss. vv:th lhe i;~1provet::e:1t cf :_f;t; ;'.':c;_;t:ss ;~1t:eh8n:srn. 

t~;e memcrJ card c•J;;t~-:..11 sy:.:tem w:th mLl:ti-.s!Gt strLlc1ure ~;as ffad:)a!:y becc:11e the rr:a:;;stream .specifi.;_;;;t1Gn. H0Y11ever, dLle tc t~k va~i.::-ty cf me:11-J~Y :::::ard.s, ·the use cf 

tt:e r:1err.Gr/ card in the 'N:"fJ: .. :g skJt :-:it:y cccu:, :r. thf: use of 'r:1err.c:y card rv:c: n1er.":Gr/ card CfJ:lt:"G! (fo'.~1·} :,yste:n l11terna! ,:,i:\--::..:it :,htxt c:rcuit (!I" jf N:"fJ:· ca: .. rned by thf: 

:nte~:1;;! merr.crJ card rhe c0r:tent -:..1f t~1>: d:.::t:.:: ::.: d:.::rr:ag.::-d, a:vJ ever; the .... • :t c~rd and the rr;em0ry .;_;ard :::::cntrd (i!.) ;;r.::- a:.s•J !ikely le ti.::- d:.::rr:ag.::-d. :r. ~dditior:, improper u.se 

or impi·opo::r er:vi1·,:1PIT:er:-:: (su,:h as we-:: er hiqh -::err:per~tui·e er:vi1·,:1Prr:er:-::) m3y C3t..:so:: :Jr:expected c;amage. Theretore, wheri c;esigi~:mg -::he i~:1err:ory c~1·d cor.tro! system, i-:: 

:s necP.sse1ry ·:rJ C:e.slg:: the r~le\.•;::nl se;_;ur:ty med:,1::is;~-, ·r he tfat;:: content of tht: se;_;urlty c;::rd eontt·o: (,~} .syste:·n, rnet::c:ry c~rd c:t· ne~d!e (,~} i:~ pru:ected f;;_1:·n (farn~ge 

;p genH~t the cor:vo::ntior:a! overc:j1·i·ei~:t protec-::icn i~:1uchine directly cuts off ti~:e :icri's positicri 1n -::he i~:1err:ory c~1·d s:ct tc ~vcid ti~:e error or d,3m~ge of-::he i~:10::1T:ory c~1·d, 

:":lld -::he ct11Tf:spcr.di1:g pG'Ner supply cf the 1:-:en1ory f .. :":1Y.: s!ct. :t Is PfJ:,s:bk: h! pro'lide o-::her pal"tr, (!f the r.":WflfJ:·y card U!l"':tl\!! syster:1. :":1:d -::he :":ctua: r;ovver r,'.~pp!y 

cc:re.spc.ndir.g t•J the rr:e:11-:..Fy ::::::.::rd .s!Gt may cm:.s.::- the me;7VJ~Y ca:d •:Gntrc.! sys·terr: le lose the !◊ca! Gpernt:cn fu;;ctior:. 1"~1>: re:ated techr.c!•Jgy m~y refer le the Rep:..;b!:c 

of ch:na Pt:ten-:: P:Jb!icatior: No_ n55090 ~-):":tern spf:cif:cat:01:. SUMMARY o;: THE ;r,-;vn~T!O~ ThNf:fo1·f:, it is ar. fJ~Jject cf thf: p:,esent l11ve:-:ti(!ll -::o prc-../lde a 1:-:en1ory f .. :":1Y.: 

;~pleni:~hi::9 d~1ric~ fr_;r wJju.s:.:r:g -~he ;::r~;curr: of c:u;:·e:1t f:cwi:1g thrGugh c1 sk/~ 1,,vlth!°J:J: c:!osi::9 the s:e1 e1;;d ~ method fer ni-::::91h~ sf!me :.o soh:t: ·:he ;::bG1re problet::. 

Accocdicg to un embod:1r,ec, cf the 11we:-,t:on, th~1-~ is disclosed 3 comcol device fo;- ,;ccessicg" me01ory med, th~ cocceol d~vic~ compris:ng a o:;s ba0, a det~cting c:i-,:ui, 

;'.':tKi r.1n ;'.':dj:_;sll::9 drc:j:-~. rh~ b:jsbe1r side :~f:r1re.s ,1s e1 si9ne1: lmnst::i.ssic:n Hne be:_i.'\1ee:1 :_f;t; mem;_1:y G;'.':t"d c1;;d lhe me;~1ory cc1:·d, ~::cl the b:jS b;::r h~s e1 fYJwer signc1! Vine :.o 

prov:de a power .s1un2:! t-:..1 t~;e memc:y c:.::rd, and the •:ir:::::uit :s :..;sed for detect:;;g the c•Jr;tr•J! device. r~;e ope:ati•J;; st:.::te, and wher. the Gperatic:1 sta-te exceed:.: ·the 

prerk:tf:1·:-:1:11ed G(Jf:ratlon ran~v:, a :-:(!tlikatifJ: .. : s:r.ina! :s 9enerated, ar.d t~1f: adju:,t1:-:en-:: ci:"C'.~lt :s cn11nectfa! tn -::he ~J'.~S bar a:-:t! the_ circ:Jit, and Is ba:;ed en tt:e r:c-::iflf .. atlon 

:.::gr.a! and <.foes r:c1 dGse the power sLlpp!y r:ic~narr:e r~;e cu:rent •A t~1>: 5 .~: pc1,,\.·er supply !:;;e :s adj:..;sted d0Y11:1i.v2:rd, so that the Gpern1ic:1 state cf the c0r:tr0! device 

fo:ls v;i,hin th~ pcedetecm::-,ed cpe:-ot:,:,n can9e. 132342" Accocdin9 to illl emo-:,d1mec, cf the present :nve:it:c,1\ 3 n-,ethod for prc,ect:ng 3 m~:-,1,:,1y C3°d conceol device 1s 

di.sc!osed, 1,,vhP-rP-in th~ rnet::c:ry c~rd c:;_1:1t;;_1! de\.•:ce he1:~ ~ bu:~ b;'.':t: ,1r1d the bus be1; f;,1s c1 pcwe:· :~ig::8! n::e fe:· ;_1u:.put:.:r:g ;'.': poi.'\1er s:gn~:. n;t: pt·(y:ec:1io;; rr:e·:hc:C: :r:e!L:de:~: 

detectmg an ,:,pecmicn stute oi ,he :-n~mocy c,;1·d control d~vic~, a:id gece,3t::-,e; an :i-:,t:f1c3,icn sign GI wh~:-, the cp~1·,;t1on st3t~ exc~eds " pcedetermi:i~d ope03t:•Y, cange; 

and adj:..:st::-:g the nfJtifica-:::cn :;igr:a! accc:-d::-:g to -::he :-:(!tiikatifJ:I s:gna: v,1it~10Lit tliri:ir:g fJff the pnv,;e:· :;igr:al The c:J:·:-ent (!11 -::he r;ovver r,:g11a: H11e C:":Liser, tt:e ope:-at:01:a! 

:.:tate cf the cGn·trG! de.,rice to fo!: v1i·thir. t~1>: predete:m:;;ed cpe~~t:c,na: :a:19e. /.\:::::c-:..Fd:r;u ·to an emb0dime;;t Gf the pre.sent :r.ven·t:cr., a rr:eHwd f•Jr prc.tec·t:r.g;; memor1 

card CfJ:lt:"G! de'lice i:, d:sc:(!Sed. Tt:e beta 1:-:en10:y C:":I\! ccr.tro! de;if .. f: ha;, a b:..:s ba:: a1:d -::he ~J'.~S bar has 3 pff,,ver SfJ'.~1·ce H:-:e -::o cutput :": powf:1· s:gna:. The (J:'"fJtfa':tior: 

mei!KKi lr1dudt:s. d~tH;-:ing ;::r: ~t::bier:t tP.rnperntu:·e sl8lf:, gt:r1ern1in9 ,1r1 ne1i~c8lion .slgr1;'.':! i.'\1he:1 :_f;t; ;'.':t::biH1I IP-mpe:·c11l1:·e s1~·:e exeee:.fa ;'.': p:·ed~tt:rrr:ir1ed ter~;pP-r~·::jt·e 

r3r.ge, and udj:..;stii~:q the power su::1p!y i~:1ckn~P-:e 3c,:orc;1ng tc the no-::ific~tion sigi~:u! w1tho:J-::-:::..;rr:ing off ti~:e power sigri~!. The -:urren-:: or. tho:: !ir.e ca:..;so::s -::he 

H11d;;_1:1;~1H1l,1; 1h:;.s:. sla:e h: fan w:th:n ·:he p;e(folP-rrn:ned :.Hr:pet·;'.':-~L:re ;e1;;gf:. 1t::·nbcdirnen1] Refer;:;;g lrJ Fig ·!. f":g. ·i i:~ ~ schP-m;'.':1ic view s!K1i.\1ing ;::r: et::bed:r~;t:rr: {:f 8 

;71em0ry c;;rd :::::or.1ro! :.:yste;71: 0hhe p~e:.:er:t i:r,,rer.1ic:1_ /\:.: stwvvn i:1 F!G_ 1 , t~;e memc:y card c,J;;t~•J; sy:.:tem 1 ::.: :::::cupled to a •:rxnp:..;ter .system 102 ar:d :r;c:udes:.:: 

:-nerno:y C:":I\! cor.tro! de;icf: 1 05, at !east G:lf: s!ct ·1 ·i C) a:-:t! ar. f::<terna! ci:\--::..:it ·1 ·i 5, 'Nhere:n Tt:e cwd cnn-:::\1! dev:ce 1 C)5 Is CfJ: .. :1:ec-::ed to the s!ot : ·! Q tt:1·0Ligh 3 ~)'.~S bw 

LiU!32. ~;;rJ the bu:.: b:.::r 8US2 i:v:!Llde.s at !e~:.:t Gne p•x,,ver .s:gna: !:ne le p~.;_Y,,ride;; power signal tG ·the .s!Gt 11 U, so that th.::- memcr1 :s in:.:erted w~;en the ;71>:mrxy c;;rd is 

insect~d intc th~ slct 11 The c,;1·d c3n o~ operated by th~ pow~1· sign3:, and t:-,e 01emocy c3rd c-:,nt1·-:,I device 1 05 1323424 includes a v-:,:tuge c-:,:-,vers:c,n ci 0c:;1t 120, ilt 

:f:;'.':S1 ;_1;;t; dete;_;:_:cn (;i;;_;uil ·i:-:.5, 81 !ee1:~t Gr1e e1dJus·~t::e:1t cire::i1 t!e, ~::cl e1 spL:r c:rcu:·~ -:JS'. Fe:· the S;'.':k~ rJf exp:,1r1;'.':·~:en, rJ::!y rJ::e :~b:. ;_1:1~ detect:r:g ci:·c:_;11, c1:1d Gr1e 

udj:..;stii~:q circuit are sh•:1wr. ii~: F:G. 1 witho:..;-:: ,3ffectii~:q-::he te,:hnic~; ccr.terit d1sck1::ed ii~: the present ir.ven-::icr.. ~cwevei·, in ,:1ti~:er embcdii~:10::nts, tho:: merr:crJ card coi~:ti·o; 

syr,tf:1:-: ~. p!:..:ra!:ty of s!ot:;, a ~-J!:Jra:ity of detecti(!I"': ci:"C'.~lts. :":1:d 3 p!LiraH-::y (!f adjur,t:nf:1:t c:rc:Jit:; r:1ay a!sfJ ~£~ :nf .. :uded, 1Nhich :;, 1:nt a !:1:-:ltatior: cf thf: p:,esent :1we:-:ti(!ll, In 

an .::-mb0dime:1t c,f the pre.s.::-nt :r.verrtior., it is ;;ssu:11ed tha-t the :r;terna: .;_;1rcLli1 cf the memory .;_;ard centre! de,_,i.;_;e 1 U5 ;;r;d ·the 111.::-rr;Gry c~~d 1n the :.:!o"t r.c •Jperate at the 

sa:-nf: operati:19 vdta9e. The vo:-::3[-!f: cor:'H:rs:or. f..lrc:J:t ·! 2Q is u:;ed -::c r,w:tc~1 tt:e r:1err.c:-y card co1:t1·0: de-../lcec T~1e extN:I:":! pcwe:, supo:y cf 5 :s CfJ:IVerted i:-:to the 

lnlP-rr1;'.':! po'✓,ter ef the rr:P.mot·y c,1rd ce:1t:rd (Jf;v:cf:-: e1;;d lhe p;_1\\1et· supply ;equired forthe r~;t:rnrJry ;_;r,1rd ::: the s:d tK1 (fo:· ex~t::p!e, c:;_1:weni::9 e1;; ex1e;ne1! fKN/H s::pply 

having 5 v,:1;ts intc ~ powH s:Jpply having 3.3 .. * vo!ts) The -:onvei·ted power ::upp:y is trari::rr:i-::ted -::c the in-::err:al circt..:it ,:if ti~:e memcry card c,:1i~:ti·,:1; device 105 and the 

t::em;_1:y G;'.':t"C: :;; the sk;t WJ by thf: i:1ter;;r,1I p{:1/'if:r b::s BU~;, ,1r1d the dP.·:ec:1k1;; e:t·cu::. ·: :-?5 is used to dP.·:ec:11he Gpernlie:1 cf thf: t::e:1i;_1;y r;md ;_;cr:trcl devlr;e 105. ~;·:~·:e (for 

example, if the .;_;:)r~er;t 0n the pc.we: .s1gr:a! !ir:e •A t~1>: b:..;s 8U.S2 :s toe !;;rge. -:..F vvhen t~1>: exte~:1;;! :.::mb:.::-nt tempe:atu~e is 1cc ~;1gh .. Lu, .::-t•:.} 'Wher; the cp.::-rat1ng .st~te 

exceed:, a prerk:tf:1·:-nl11ed fJ(Jf:rating ra:19e, a 1:ntiticati•,Y: sir.int:! w:n be generated and c•,Y:1:-:1Li11:cated via tt:e :ntema! si~v:aL The 1·ow Bur, ffi:r~ stc:-e:, the nfJtif:ca-:::cr. :;igr:al 

1r1 ·the :e91s·ter cf the c0n·tr0! c:r•:u:t : 35, and the •:Gn·trG! c:r•:u:·t 135 t:~;;smits the n0·t:·f:c~t:c,n sig;;a! tc the adju.st:11.::-r;t :::::ircu:t 13 C to cc:1t:c! the adj:)stmer:t c:r•:u:t 1~m 

t•:1 adjt..:st ti~:e pcwer. Cor:-::ro: mem1s tc ~1Jj:Jst the rnemory-:ard~ bo is tho:: case ac,:,:11·d111g -::c the intorrnir:g s1gn3I does ri,:1t t:j1·i~: off ti~:e pcwer scurco:: to 3r, ,:1::1eratir:g st~te 

s:gr:,1! h: fan Ot, Gf lhe p:·ed~tHr~;ir1ed opt:r,1!1::9 :·c1;;gf:. P:ee1se refo:· le := iG :-? , v,;hic:h Is c1 :~ehe:11e1t:<..: dic19;;::r~; Gf ~:: e;~1bcdimen1 ;_1f th~ de·~ect:;;g ci:·c:_;I t ·i /..S c1;;d lhe 

adi:jstir:g -:irc:Jit 130 shcwP ir. F;G. 1 of the pre::en-:: inver:-::icn. A:: shcvvn in ;=!G. 2, the de-::ectirig circuit 125 iri-:!:Jdes a ccmp~1-~tor COM, a -::rar:sistor Qi, ,3rid a refereri-:e 

cwrent :;o:Jrce, ar:d thf: adju:,t:1:g ci:"Giit ! 3C: :1:durk::; -:::,ar:si:;tnrs 3 a:-:t! Q3, 'Nhere:n t~1f: :'eterer.rx: current :;,(!U:\--:e :J Is a ~Xf:-c:..:rrer.t T~1f: SGU:"Cf: ar:d thf: ga-::e -v(!!tage of t~1f: 

t~~;;sistc: Q a:e a!sc ~ lixed vdtag.::-. -rherefcre, referring le t~1>: .<;11i:r.::-f#t8.s:.: body q, it :s de-:..;c,rated as a cu:re:1t ;;rid the ;;c,r;-ir:v.::-rt:r;u :r.put C-~) •A t~;e healt~; :::::CMP wrn 

t:ave a predetf::":ni1:ed The 1·efe:,ence vo!ta~v: Vref, and the cutput :;igr:al sc~:t;n,{ w:!! be u:,ed ar, tt:e pG'1✓e:, supo:y r.iyn~£~r ar:d fJ:Jt~-)'.~t h! the r,:nt 1 ! in tt:e f:rst f19Lire. Ir. 

;'.':dd::_:cr1. the fYJwer s:jpp!y VDO :~h!°Jw:1 ir1 Fig. 7- is thP- c:;_1:wet·sk1;; sh{:v,;r: :n := lg. -: . n;t: cenvP-rtwJ pt11NP-r supp:y p:'t'wided by c::;cui·: ·i /..(). u;;df:r ::{:t·mf!! GpP-r~·::ng cGnd:-~ie:v~. 

,he volrnge levd ot ,he octi:•Llt si9:i,;I Scut (th3t :s, th~ vclt39~ level v of the i:iverticg ::-,put ,ecrnin31 (:) ,:,f the co:ni:,mutor COMPi will o~ highe t:-,m, ,he :-~fo1·rnce ,olrnge 

\hef. At th:s -~:me, ·:he ;_1utp:_;:_ le\.·~I {:f -~he CGrflfJ;'.':t";'.':h:r CDM!=' win be :11e1:n1,1ined r.11 ~ k1i.\1 !eg:c :evP.:; <.xJr1ver:~P.:y, s:r:ee the g~·:e vcH,1ge ;_1f th~ lr,1r1si.s:.cr Q~'- ({14 Is c;_1;;r:P.c1ed 

t•J the s-:..1l1d v-:..1ltaue, Yes, t~;e ccnd:)cti0r: cf the tr;;nsi.st•J~.s Q2, Q:3} ·rhe re.s1st2:r.c.::- 1_ta!ue ca;; be reg~rd.::-d :.::s nxed, !f the v•)taue !eve!\/ 1s !e:.:s 1ha:1 the refere:v:e v•)taue 

v:,et, it l11d:catf:s -::he O'.~t~-Jlit si[-!:l:":L The Scrnt har, a large c:Jr:,en-:: vt:!:Je, that :s, the a:nfJ'.~1:t of current flow:r.r-1 tt:1·0'.~gh -::he :;!o-:: ! : o ~£~cor.":e:, large at tt:ls ti:nf:. Therefore, 

w~;en the 1,r0hage !evd v :s s:11;;!!er tha:1 t~;e referen-:..;e v-:..1lt;;ue Vref, t~k :::::crr.p~~~t•Jr CO~viP cutput.s the r.ctifi•:atior. .s1un2:! S•: h2:v1ng a ~;1uh k19:c !e,,re!. /~:vj the r.ctifi•:atior: 

s:gnal Sc will be trnns1-,-,1tted m the e;ate v-:,ltuge cf th~ t1·,;nsisto:-s a, q'.' t,:, cais~ the cri9::-,ul v-:,ltuge l~vel 's-:, \he t,3:-,sistcr, Q'.' will be tum~,:! off' and sine~ the trnns1s,oc 

Q~'. :s f!s:~urned :;; lhis ~r~;bGdit::e:1t Tf;t; ;'.':Spt:e: r;'.':·~:e (c1Sp~e: r;'.':·~:C)) is !;::rgP-r lh;'.':t: the ,1spect r,1!10 ef the :_;;::r:s:s1;_1:· '-F?., s;_1 'iihho:_;gh ·:he t:·c1:v~ish:r en t·eme1:r:s c;_1;;dw/~i\.'~ ~-~ 

ti~:1s -::ime, hcwevei·, sii~:ce -::he 1·0::sist,3ri,:e v~!:Je of tho:: trnnsist•:11· Q3 is higi~:er th3r. the resist~Pce va!t..:e of ti~:e -::rar:si::tor Q2, -::he ~1Jj:Jstmei~:t 1s m,3do::. The -:irc:..;it 130 on:y 
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3Uows ~ srr:aB c:..;rrer.t tc ::1~ss ~F:c; th:..;s ,;:ffoctive;y !iP-:1ts -::he ~P-:ourr:: cf cui·rei~:t f;owirig through th-2 s:ct 11 t~, ir: cth-21· words, vvh-2P ar. overcurrent ,:c,nd:-:::cn c,ccL:rs (i,;:, 

i.'\1he:1 :_f;t; ·::~::s:s1G:s Q!, Q✓- 8;e tun:P.d eff). ,t\:1d (1,,vf;t::1 '~::t·::ed en} ·,1.11h::~ time ther~ :s :~n!: c1 c:j::P.::'~ c:n th~ 1r,1:1siB:.cr Q:?, er ,1 pt·edeter;~1:r:ed c:_;r;er:t tG p:rN:dt: ·ri~:J,~·-?4 • 

t~;e merr:crJ card i:1 the s!•Jt: 1 Q' :.:fJ fr13t the rr;ern:xy .;_;ard can :.:ti!: ~J>: acc.::-ssed_ !n an-:Jt~V:-r embcdi:11.::-r;t /\ssurr::;;g that the :nterna! .;_;1:e::..;il -:..1f the memory •:a:d cc:1trc! 

devif..e ! 05 or.d t~1f: n1er.":Gr/ card in tt:e s!ot 11 O ope:atf: at different fJ~~)eratir:g v-n!'.:age:,, '.:he vo:'.:oge cor:vf:1·:-:dor: f .. irc:..1:'.: ·i 2Q Is cn:y !F,ed '.:O CfJ:~:ver'.: '.:he f::<::erno! ~XN'!e: 

supp!y -:..1f t~V:- merr:cry card c-:..111t:-:..1! dev:ce 1 Dti irrt0 a 111.::-rr;Gry c::i~d c0r:tr0L n1>: pow.::-r s:..;pp!y requ:~.::-d by t~;e ir:te:n::;; circu:t Gf the de,,rice: 05 (for ex::;;71p!e, crxw-erti:1g ar: 

ext,;:ri~:u! pcvver sup::1ly h~v:ng 5 vdts to 3 power su::1ply ;~:uvirig 3.3 voas), <F:c; the 3dJLlS'.:rner:t -:irc:..1:t 13 1s imp;emer:ted by 3 powei· ::upp:y c:rcuit f.:11· conv-21·tii~:q the 

·,.ro:tf!ge cor:\1-Hsior: drc:jil rhe cor:vHt~d pol.NH s::pply pt·c:'.1:rfod by ·i /..0 :s furthP-r cenvP-rtwJ int-:..1 :_f;t; pc:1.NH rP-q::ired by the rr:P.::1ot·y cr.1rd ir: th~ s!et 11 o (for t:x8n:p!t:. 

,:onvHtirig the c,:1i~:vened p,:1wer s~pply ;~:uvirig 3.3 volts irito u pcwer sL:pp!y h3v:r:g 15 to 18 volts), :3t ti~:1s tirr.-2, sii~:ce '.:he udj:..;strr.ei~:t c:rcuit 130 is For the power su::1ply 

circuit, a r.":3>:l1i-::..1r:1 s:J~~)p!y cunY~m or.":cunt car: bf: adjur,tf:c: acc,.xdlng '.:C thf: notif:cat:01: si~v:a! '.:O tKhievf: the p:J:"(Jos-e cf !:1:~:lting the 1:~:axi:mv:1 c:..:rrer:'.: fk..:1111:r:g th:fJ:J9h 

·the :.:bt 11 (). th::.: v::i~:;;t1Gn is a!sc ·,,vithi:1 t~;e sc•Jpe cf the pr.::-ser:1 :;;venti•J;;. q,• FLlrthermore, 1r1 add:t:c;n ·to det-ec ting the cLlrrer:t fk"":i.-1;ir:g HFcug~; the p-:..Y-.rver s:gpa! !:Pe, t~1>: 

r:1errxJ:y cord fJf thf: s:ct ·1 ·1 an1:nr con ~£~ pro'.:ected f:"fJ:~n dar:1oge by rk:tf:ctir:g thf: an1b:e:~:t tf:rnpero'.::..:re :,tate or.d :~:l!t tLi:,1:ir:g fJff the pm,ve:· :;igr:o!, p!et:s-e refo: tfJ 3, Fl Ge 3 

:s 8 :~chen:i:"lt:c di8fF8;~1 Gf ~r: e;~1bc;di::1ent -:..1f th~ d~/~ect:;;g :;i:·cult 3 for dete-:..-::.:r:g fin ;::r~;bient te;~1pt:r,11ur~ stclte Gf th~ preBt::r: :nvP-:(~ic:n. p:t:~se r:Glf: '~h81 :;; th~ preBt::r: 

"::IT:bodirr.ei~:t, '.:he do;:tec'.::r.g -:irc:..;it 30() fa.Pd '.:he ~1JjLlstr.-:erit c:rcL:it 130 shovvn iri F!G. 2 (\111hich is cor.-:pcso;:d ot 3 p;ura!:ty of t1·~nsist•:1i·s) 1s used tor '.:he p~1·::1,:1se cf 

;'.':dj:_;sllr:9 the ,1mo::n1 -:..1f -:..-:urrH1I Aow:r:g inte th~ sk1t: h!°Jwevet~ Ir: 8:i<..::_f;t:: ~t::bed:r~;HrL the wJjL:st;~1~n1 drc:u:t is 8:so -n:i:~ :;fen bt: ;'.':Gh:P-ved by;:: fYJWer S:jpp!y ci:·c:_;11, i .~ .. 

by !:rr:iti:19 the rr:c1:::1mLlm c1:1w:)pt Gf currer:1.supp:ied tG !irr.:t t~;e 3rr:cu:1t ,A curren·t f:cw1ng 1hrcu9~; the s-:..K·ke1 11 O, .,,,p;1ch :s 3!-SG wit~1:p the .scGpe -:..1f the prese;;t 

:nv-er:'.::cn. A:, shewn :n ;:iG. 3, thf: c:e'.:ectifJ:~: c:rcuit 30:J induder, a ',m!tt:ge genf:rnting c:1\--::..1:'.: hav:r:r-1 :": ten1perotu:e 1:ego'.:h/e phr:1:,e, a s-h:..:tdcwn 'HJ:tt:ge, :": vc!ta9e 

9enera1i:19 unit ~105 a:vJ a terr:p-e~;;t:)r>: pos:t:ve oJr~-e!atior: -electric 9enern1in9 unit 3, and c1 c0mp3ra1cr CCMP' i:1 wh:,_·h 3 te:11perature i.s negative:y eorre:a1ed_ ·rhe 

vo:tag-2 ger:er3tii~:q Llr:it 305 g,;:per3'.:es u vo!t~qe v: 3,:cord:r.g t•:1 the '.:rar:sistor :'.:self mid '.:he i~:eQ3'.::v,;: phase at '.:he dish, ~nd '.:he teP-:permLlre po::itiv-2 paste vo!rnge 

ge:1~mn:1g u:1:t :n 9e:1~rr.1IP.s 8 vo!189~ ,1/.. 8C:;ot·ding :.c lh~ cf;r,1mc:et·:st:c lh~'~ '~he t:·i:"l;;siste:· :tBt:!f :s pGsi1ivP-!y C:J:"rt:'!;'.':1ed '✓,..-:th the tt:mperntu:·e. 1=:J: ex;::r~;p!e, l:1 '~he c,1se of 

3 oq:,ol3r i,F,ctioc trans1s,or {Bip()lar iunct10;·,:), a diffece;·,ce in emiccer iunct1on voltage (i~, emttw crnd base) correspo;·,,11ng tc" negative co 0relc;t1on with ,en,pe 0o,IF~ 

crv: be !F,erL 4' The vo:tage diffo:e:~:ce bf:tvveen tt:e pck::;} (1~} The vo!tage i:; take:~: as thf: vdta9f: Vi, a1:d o \f\!!tage va:ue cor:,espcndlng '.:Ca tt:en1:al \f\!!tage oos-:'.::vdy 

~da-ted tc t~V:- tempe:atu~-e is u.sed as the v•)taue v2: '.-'.-'her: cp-er;;t1r1g at ::i !◊w-er ambie:1t t-err;pera-tLlre st;;t.::-, rh-e vc!tc19.::- % ·,,vi!! be !-e:.:s 1hc1:1 the v•)taue %, 1he~-ef-:..v-e, ·the 

Olitput ot '.:he f .. l!ll:parmor COMP \.v:B 1·f:11:a:r. at a :cw !ogif .. !e'H:!, :1:versf:!y, w~1f:1: ope:ati:~:g mo ~1:gher o:n\·--;:en'.: '.:er.":pe:"at:il"f: sca:e (:e, the orr.\·--;:en'.: '.:er.":pe:"at:J:Y: S'.:O'.:e 

exc~etfa - ·:he p;edt:IP-:m:r:ed :.Hr:p~t·;'.':'~::re ;i:"l;;gP-) -:-:t::e} du~ l:J e!~Cirl:;ily ThP- preBS:j:"~ % :s pcsi'~ivt:!y cG:rt:!;'.':'~ed i.'\1i'~h the :.Hr:p~t";'.':ll:re ;::r:d ·:he e!P.ctt·of!co:_;s·::c 1/i Is 

cegc;,;vely cc0relc;ted w;,:·, the tempemture (thm is, ,he h;gher the te1.,.,per3,ure, the hig:·,er the voltage value c,f the v,:,ltuge \/2 o;·,,J the s1.,.,uliec th~ vclt3ge V3lue ci ,he 

-...ro:tf!ge VI), s-:..1 tf;r,1t th~ e!H;-::i:; vG!·:~ge \/~'- w:n b~ grei:"lt~r :_f;,1:1 '~he -..m:'~f!ge V. /-\": ·:his :.lrr:f:, th~ :;c:t::p8;8to; cwvw= gener;:::_t:s '~he r:Gtrncclti-:..1;; s:g:1;::! ~;c h;::ving r.1 high k..:g:c: 

level ar:d .stc;res the PGt1flcc1ti•J;; sig:1;;! &amp; t•J the c.;_1;;t~.;_1; eircu:t via t~V:- ir:te:n::;; sig:1;;! bus, 3r:d t~V:-n ·the .;_-:c;ntrG! ci~-:..-:ui t ·transrr.:t.s the twtif;ca-ticr: .s1gr:a! &;;rr;p: le the 

:":dj:..:strr.f::~:t c:rcuit 13 :r: fJ:'dN to cor:tro: thf: adjiF,t:~:lf:llt ci:c:ilt 130, tt:e odJ:Js-trner:'.: ci:"Clii'.: ! :30 :":c:j:..1str, tt:e Or.":Gunt l!f c:..1r:,er:'.: f:cwir:g th:G:J9t: the r,:l!t 11 '.:C fa!: wit~1:1: o 

pred-et>:ri7H1ed cp.::-rnt1ng ra:19.::- Y11:t~;c;ut turnir:g -:..1ff the pGY11-2~ :.:igr:a! acc-:..Fd:;;g ·t0 the ;;c;t1lka1i-:..1:1 sign::;; &amp; r~;e dete-:..-:t:ng c:~o..:it J c;;p a!s•J use;; referer:c-e vc!t::ige (a 

v,:,:tuge th3t d,:,es not substant;c;lly chang~ with ,ffc,permure\ ,c b~ con,p3ced with c; temperntuce coeiiic;en,, o;·,d when ,he t~;·,1;:emure c,:,e1f1cie;·,11·elmed volrnge 1s 

gr~8IP.: ·:h;'.':n or !P.ss :_f;r.1:1 '~he ;ef~rH1:;e -..m:'~;'.':ge, ;'.': :1ot:nc;'.':'~ic:n :s is:~:jed. n;t: sig;;r,1! hcl:~ bee:1 :.Hr:p~t";'.':1l:re-p;.;_1tectwJ, ;::r:d sud: si:11::,1: d:8:1gt:s cl;e ,1!st1 i.'\1i'~hi:1 :_f;t; scopP. c:f 

ti~:e pre sept ir:v,;:ntior:. 1323424 !n udd:'.::cn, the hoi·se has so:v,;:d '.:he woi:1;ern betvveen tho;: mer.-:cr; card C-:F:ti·o! systern 3r,d tho;: e!e-:t1·ic jcb. The errcr er ii~:to;:ri·u::1tion cf 

tt:e ccnnf:c'.::or. :nf:chor.i:rn: coiF,es thf: cor:'H:ntior:o! l!Verc:J:·:e:~:t pl\!tec'.::cn :~:lf:chonis-n1 '.:O nfJt :~:l!tify '.:he :is-er cf '.:he p1·ob!er.": bi '.:he f .. l!l:~:p:..1'.:er SiS'.:er.":c l:~: the obfJVe 

err.b-:..1d1mer:t, t~V:- merr:cr; card c-:..1;;t~-:..1; sy.stem 1 UU -:..-:an set a w::ir:i:r1g in t~;e ext,er;;a! c:~o..:it 115. r~;e device, Y11h-er.::-in the alert device .sends;; spe-:..-:1lk alert sign::;; 

OCCl!IY:ing tc t~1f: no'.::Tict:t:nn si~mal r,tfJ:"fa! :r: thf: cor:'.:ro: f .. i1\-::..1:'.: ·i 35. For ext:11:ple, the ok:1·t deviu·~ con be irr.p!erner:'.:ed ~)y u:,lng o :lgh'.: e:nitt::~:g d:crk: (LED} dlspby er o 

:~p~8kH. !n ;::dd:·::c:n, Ir: 8:10:.f;t:: ~t::bed:;~1H1I. :f th~ :;c:nn~cllor: n:ech~niBr~; b~'~w~P.:11he r~;t:m:J:y -:..-:;::rd :;c:ntt·o! d~1ri-:..-:~ ·i D5 i:"l;;d lhe -:..-:or~;pulP.: syslP.::11 -'.')7- iB wJ: en-or:e-:..1:_;s 

,:11· 1n'.:errup'.:ed, the comp~t,;:r systern 1 C:2 ,:un stia be u::ed tc iPf•:11·i~:1 the L:so;:1· whetho;:r the cui·rei~:t p-:emory ,:m-1::; :s ;t 1s p!~ced ii~: the vn·,:1Pg slot 'A'.: '.:his tirne' because '.:he 

ce:1;;t:c::c:n bt:tweer: lh~ n:e;~1ory c8:·d :~wept dt:,dct: ·i ()S ;'.':t:d tf;t; cc:n:puter syster~; ·i 0? C;'.':n ;::!sc: be connectwJ by Glh~t· '~yp~s c:f buB b;'.':t·s, ,1:1d iB :10-: !i;~1::.HJ ·:o '~he use 

of the :)piv-e~.sa! s-er:a! bu.s (tJ;;1ve:s;;!) !3eri3! 8u:.:) is u:.:ed le 111::i~e lhe c0nr:e-:..-:t:fJr1. ~-he~-ef-:..v-e, '.-'.-'~;en the deb·t mea.suremer:1-:..-::rcLlit 12ti 1n the ;71>:rr;rxy c;;rd e:or:1ro! d.::-vic.::- 1 

05 genN:":tf:S '.:he 1:ntlncatifJ:~: s:r.int:!, thf: cor:'.:ro: c:1\--::..1:'.: ·i 35 car: :,et a The s-ottwore vor:ob!e {fo1· exa:no:e, 1111:'ites thf: spef..lik r,oftvva:,e -varlab:e lntn o o:·f:deterrn:r:ed 

~.::-gis1er) and ser:d.s an i:1t-er~upt sigr:al tG ir:fcrm the c0mp:..;ter systerr: 1 02, ar:d the app!i•:ati0r: i;; the c-:..1;71puter sy:.:tem 02 0:--:!y nee-:..L t0 ch.eek the r..:Llrrer:t s.::-tt:PfJ. ~-he 

,:fota ccritei~:t of a sp,;:c:fic software var:abk can 111fo1T:-: the user wheti~:er a rr.ei~:1,:1iy card ;~:us be,;:p p!3•:ed in ti~:e wrong s:ct. P!o;:ase i·efH to FlG. 4, whi,:h :s ~ tlow -:hart at 

;'.':n ~rr:b:Jdin:e:1:. cf :.hf: pt·(/~ect:or: m~'~hc:d of tht: p:~ser:t ir:\1~r:n:Jr:. n,~ p::JIP.clie:1 r~;t:lh!°Jd ef the pmse:1t :n,1e:1:.:cn :s r.1pp:ied tG ~ n:e;~1ory c8:·d cGnl:G! C:e-...rice (fe: 

e>:mT:p!e, a r.-:emory c3rd ,:i:,pt1·,:1! device 1 05 h~v:ng ti~:e cir•:~1t s'.:rLlctL:re showi~: ir: Fig.), and 1t :s i~:ot,;:d '.:h3'.: the steps ,:if ti~:e pro'.:ectioi~: IT:e'.:hod of tho;: presei~:t 1m1-2i~:t1on are 

s:J~J:;tan'.::ony cbta::~:ed undf:1· the sa:~:lf: :'esu!t. !t :s :~:l!t nece:;sor/ to"''- toHc:1111 '.:he f::<ec:Jtil!I"': order cf Fi9Lire ~~c T~1f: pro'.:ectifJ:I 11:e'.:hod fJf thf: p:,esent l1we:~:t:nn cc:no:"i:;es 

t~;e fo!:cwing st.::-ps: •. • <1 Step 4DO: Start. .-.Step 402 __ - C:..;rrer:1 st;;t.::- 0n 1he pGwe~ :.:igr:a! !ir:e, St.::-p 4Ll4. rear off Y11~1>:ther ·the o__;rr>:Pt st3te .;_;;; the pcwer supp!y !.::tt.::-r is 

over the l!pero'.::r.9 1·t:1:gec lf ies, go '.:C r,tf:p •~ ! C:; l!therv,;i:,e, 90 h! S'.:ep f..:.C)6. Stf:p •~06: !1:ve:,t:gme an an1b:e:1t tf:1:~:perm:..:re :,tt:tf:. S'.:ep <0G8: :Je'.:ern1:r.e whet~1f:1· the orr.bif:llt 

·:et::pe;i:"l:.:_;r~ s'~;'.':'~e exceeds 8 :~i!ent te;~1pP.:~·::j:"~ rn:1gt:. :f y~s, gc IG step ~r! D. -:..1theri.'\1ise, gc: b;::ck 1t1 :~tt:p 1H)7- '~o co;;:.ln:je :11-:..1;;1 tGrl:1g. Step ~r! D. ,\C:ju:~t lh~ c:_;r;e;;:_ Gn '~he 

power sig;·,ul line undw the . ;:,,:.wee s1gn3I. Next, return to step 402 ,c, contin;;e mocitccing. Sine~ the de,oded operntioc cf th~ [3-remen,bw card ccnt0cl ,Jevice h3s been 

c!ef!dy disckJsed, ·:hose sk.iHP.d i:1 thP- 8!°": sho:_;kJ be ;::b!e 1t1 ~,1si!y :mder:~tr.1wJ '~he opP.:~·::c:n of ~wJ: B:.~p :n := lg. 1~, ,1:1d the;efo;e, i1 ::~ :"K1'~ s~p,1:~-:~!y m~n1ie:1~d. -:-he ;::bG,1e 

desoipt:•JP is •JP!y t~V:- preferred e;71~JGdiment -:..1f t~V:- prese;;t inv-2Pt1Gn, ;;pd 31! sea!.::- chc1:19es c1:1d m0difi-:..-:;;t1Gns 111::ide in ;;cccrda:v:e '.-'.-':th the s•:Gpe cf the prese:1t 

:1we:~:til!ll shfJ:i!d be \.V:'.:hin tt:e scope cf '.:he ~Xf:ser.t ::~:venti•.Y:. ,-c • 1s:r:1pHf:ed de:,c:,ip'.::or. fJf t~1f: draw:1:gs] r-:g, ; i:; o r,-:.her.":otif .. d:ogrn:n of a n1er.":Gr/ card CfJ:~:t:"fJ: (fo:i1·} 

sys·terr: cfth-e prese:1t :nve;;t:c;n. ~ig_ 2 is a sc~;err;a-tic 1,riew shewing a;; embcdi:11>:Pt 0f the rr.-e;;s:..;rerr.e:1t circuit ;;pd ·the ;;djLls1rr:e:1t circuit :.:h0w:1 in ~ig. 1 cf the pr.::-sent 

invec,icn. :323424 :=1G. 3 is c; schei-.-,utic d;ugram ci an embodim~;·,t of a detection c;;·cui, tor detec,;i-,g 3n c;1-.-,bientte;·,1;:,ernture st3,~ of the presen, inven,icn. Figure" 1s 
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2006172121 

Card type storage device, adapter for the same, and host device 

Abstrnct 

<P>PROBL:C:M TO 8:C: SOLVED: To pcc,ide" card tyi:,e storage dev,ce th3t can be uppropriately 

pc:v•;P.:P.d from c1:1y'~yp~ !"Jf host d~1ric~. c1:1d ,1:1 c1;..faptH ,1::C: e1 hG::/~ C:e·,.r:ce :_f;r.11 :;fen bt: krnd~d w::_f; th~ 

stcrag-:: device. <P>SO!.-UT:Of·~: Pcwerterrn:r:a!:: PV11 3r:d PV'/2 ure pc'.<vered by-::he h•:1::t device. 

An-::er.na tf:IT-r:lnoir, A,;,{:; a:~:c: AJ,JT2 are ccnnec-::ed tc :":1: or.ten:~:a ftx ccr.tof..t!ess cnn:n1:..1r:if .. :":tlnn 

d1spc.s.::-d :r: 1~1>: host device tG rece:ve ~ sign~; frorr; the CFlt>:Pna. !\ c•JPtr•J! :::::irc:)1 t 14 hcr3 a i.-1nre!e.ss 

cnn1n1:..1r:lf .. atk:in f:..:r:cti(!I"': or:d :":1: :c ca:d f:v:ctiar: . .4 (J!"J\.Ver ge:~:e:,atio:n: f..lrc:..1:~ ·i<0f.. :s :1:c:urk:d i:n: the 

ce:1~:·el c:t·cu:~ ·: 4 I!) 9e:1~mlf: pc:1NP.r :n :·e:~prJr1se :.c lhe .s:gn~: frc:t:: the ,1rr:enna A sw::.ch c::;;_-:uil ·i1~C: 

is included in th~ centre! circuit 1 c: to switch the poww ouppli~ri to ,he i:,,:,wer tem,i,·,uls o'·,ri the 

pGwe:· frc:n: the fYJWer gP.::ercitio;; e:rc:u::. <P>CDPYRlC:H·r: (G):.?DDQ,.J:=:o(;NC:!F! 

Claims (6) 

1. A po'.o\.'>:r s:..;pp!yterm:rn.=il for recei,,ri::g p•Jwer .s:)pp!y fr;._1111 t~;e he.st devk-:e: 

Worldwide app!icaticns 

Applicalion .JP2004:!63399A evenls 1:1) 

Status 

fa.n 3r.terv:u -::erm:r.,3; cor.n-2-:ted -::c ,3 Pon -ccrit~,:t corr:rr:L:nicm:or. ~Ptenna p;·ov:ded in -::he h•:1st device ~i-:1J receiv:r.g u sigri~! trom -::he ~Pten:n:a; 

,\ ;_-:en Ire! ci:·c::_;11 h;'.':vlng 8 i.'\1it·e!ess c:o;~,r~;un:c:c1~:or: fur1ctie:1 ;rnd f!:1 ic c~rd fonc:~:cr:; 

.4 p,:,wer s;;pply e;eneratio,·, circu,t mdud~d in th~ ccntrcl circuit fer gff,erming,; pow~I· supply in ,·eopocse t,:, a s,qnai frcn, the an,enno; 

.4 f..arc:-shaof:c: s~Cr3[-!f: de'lice CfJ:~n~x:s:r.r-1: a pc'Ner supo!y i:1c!:..1ded in -::he f,C!lltl\!! Cl:"Giit ar.d :;uppHfa! tn-::he oower r,'.ipplytf:ri:~:lna!; and a :;v,;itd:ing c:1·cu:~ for svvi-::chi:19 a 

po'.o\.'er s:..;pp!y from the pry,,;,,,er .supply ger:erati•J:; c:rcu:t 

~~, 7-. rhe e~t·d-!i:<P. t::e:1i;._1;y ~cc:ord:ng -~o c::,1:m 1, wher~ir1 -~he swi~d:ir1g c::rc:j:-~ Si.'\1i'~d1e:~ behw:e:: e1 pGwe; :~rrnrr;e .supp:ied fror~; lhe pewer s;_1u;;_-:t; ·:et·m:nci: ,1::C: e1 

:x,wer source supplied froi~:1 the pc'vver scurco:: gen-21-~tiPg cii·,:uit :r. ~ccordan,:e witi~: a v,:1auge S;_jpp!:ed to the povver soui·,:e -::errn:n~;. 3pp,3;-~t;_j,s_ 

~L 7-. rhe e~t·d .s~;_1;e1gt: devir;e ;::cr;c:t·di:1g tG dci:r~; ·!, wherei;; thP- sw:·:d:i;;g drc:u:t sw::.ches bt:lweer: fKN/H s::ppl:P.d frrJrn -~he pcwe:· .supp:y tHr~;ir1;'.':! ;::r:d pc:vvt:r 

::upp!io;:1::; frorr: the power gei~:erntio:n: circ:.i:-:: iri 1·0::spcnse -::a a ,:orr:rr:a:n:d frorr: the hos-:: dev:ce. 

4. A nor:-c•Jr;tae:·t cc:1v11~i:;icc1tk1:1 an·ter:n::i; 

A po'Nf:r s:..:pp!y ci:"Giit ttx ger.f::":":t:1:g pcwe:: 

,\ ;_-:r.1rd-!:k~ shcip~ h;'.':v:ng 8 po'.f,:"er ger:f:r~·::c:n cire::it the1~ h,1s c1 wirel~ss ;_-:crr:rr:ur1ic:;:::_:cn f:j::c:tk1;; ,1::C: e1;; !C !";;'.':rd fl:n;_-::.:rrn find gP.::ernte:~ ~ pewer ;'.':G\.':Grdir1g te;:: signe1! 

frcn, th~ ac,enn,;, and" switching circu,t t:·,ut sw,tches 1:-etweff, ,he p,:,wer iron, ,he pc,wec grnern,icn circuit ,;r,d ,he p,:,wer iron, the poww circuit .4 mo;;r,tmg un,t that 

!";8:1 bf: t::c:u:1~ed wi~h r.1 sh:rnge rJe,,1:ce c1:1d tG wh:ch the r.1nlP-::nc1 r.1wJ -~he c,1rd-she1pHJ sterng~ de\1:ee ci;e erJ::nectHJ wf;t:r1 t::{:u:1~ed, 

,, host d~vic~ ccnopriBIng:" bost cc,;,;,c,i un:\ tho, genera\eB a cc,,1v11,;r,rJ for ccntrcll,r,g the ,:wilc"Ing mrn:t. 

s. A r1on-c:or:tr.1e: ce:11:11u;;/r;8tk1:1 ,1rr:enne1: 

ft. pow~r supply d·cuit tor gene,;t,r,g pewee, 

A card-!ike :,!:ape ~1:":v:n9 a po'Ner ger.e:·atil!I"': ci:"C'.ilt thm hrF, a 'Nlreler,:; ccrr.rr.un:ca~:cn f:v:ctio:n: !V:t! a:n: !C f .. :":I\! fonc~:cn and ge:~:erntes a pmri!f::· :":cccrdi:19 tn 3 r,:gna! 

frctr: th.::- ar:tetv1;;, and a si.-1;ite:hin9 e::rcu:t t~;at S'.o\.':tches betwe.::-r; ·the p,y,,ver from the power 9.::-nernticn circuit ;;r;d ·the p•Jwer from the pGY11er •:ire::..;it A :1w:)r;t1r1g u:1:t that 

f .. an be 1:~:l!Un-::ed wi-::h 3 :;"h!rage rk:V:cf: and tc 1111h:c~1 the ante:~:1:a and tt:e cwd-:,1:aped :;tnrnge -:-fov:rx: are CfJ:~:1:ected \.Vhen 1:~:l!Un-::ed, 

A host d~1ric:~ !";{:t::pri.slng. ~Kli.'\1et· c:;_1;;:_;;_1: rr:e;'.':n-S fer sh::Eing off power ger:P.r~·:ec: by ·:he power .s:_;pp!y c:ru:i~ i.'\1hen :_f;t; cci:·d-Hke :~tcmge dev:c:e is ep~rntwJ by fYJWer f;;._1:11 

the power gei~:eratio:n: -:irc:.i:-::. 

6. A card-.shaped ~J•Jdy, 

A nor.-co1:tac-:: cc:n:n:v:icatifJ:I an-::er.na pl\!Vidfa! ::n: thf: 11:a:r. ~Jody: 

,\n ;::d8fJ:et· for;'.': ;_-:r.1rd-!:k~ s'~ot·;'.':ge (Jf;v:cf:, ccrr:prisi:1g: ~ c:o;;r:P.ch:r c:o;;r:P.cted :.o thP- c:e1;d-Hke slGr,1ge d~1ric:~ !";{:nne<..:tP.d h: the ,1r(~enne1 ,1r1d c:;::p,1b:e e,f r:Gr1-ce:1~e1ct 

,:orr:IT:U:n:ic~tion. 

Description 
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Tho;: presei-it inv-2Pt1on re!~t,;:s -::o ,3ri improv-2P-ierr:: :n tho;: functicri c,f a rnerr.cry c3rd '.<Vith 3 Q;_jih:-:r. ;c ,:a rd t:.ir:ctioi\ and p-iore pan::cu;udy to ~n :rr.prcvemer.t ii-i a pc'vver 

:~:jpp!y rne'd':c:d fe:· e1 rr:P.::10:y cr.1:d w::_f; ,1 bu::t-l:1 !C c:e1;d f:_;r:e::c:n. 

j;; rw;ent yef!rs, ~ t::e:-n.J;y :;8rd :r:eo:pot·~'~ing r.1n !C c:e1;d f:_;r:e::on 1he1:. Is s:gnific:e1r:t!y Br~;r.1!:e:· thi:l;; ~ buBl:1esB :;8rd Bl1-e f;r,1s be~n dt'NP.k:ped H :s cG:1sidHwJ 'd':81 th::~ 

memory c3rd i:: :.ised by ;:1,;:ing ~tt,3,:hed tc ~ c3rd ty::1e 3d,:3:=3t-21· us ,3ri 1:x::err.,3! rnernory ,:1f ~ host d,;:vic,;: sL:ci-i as~ p-iob::e phone. 

Hovve-../e:: :,Ince t~1f: n1er.":Gr/ card itr,f:!f doer, 1:nt ho-../e o p~J,,ver SfJ'.i1·ce. a 11:eor.r, fo1· s:..1pp!iir:g oovvertc thf: 11:er:1ory ca:T:! by sor:1e :w:tt:nd :;, l"f:qu:red. C:n t~1f: o'.:her ha:-:c:, 

pC1.,1;er is :.:upp!i.::-d frc;m the h-:..1:.:t side c;f an e!ee:·trGnic devi-:..;e or the like t•J whi•:h fr1e :11-err;c;ry c::i~d 1s rr.cu;;t.::-d, c: v1her. t~1>: supply i.s e::..;t cff. :t 1s d-et.::-cted from CFl an·ter:r.a 

tor ccnt,3,:t!ess comm:..;r.i-:utior: prcvided ,:11~: the rr.ei~:1,:1iy card. A 1~:10::thod usiPg e!o::ctric pcvver obtaii~:ed by e!e,:ti·onBqne'.::c ;pd:.iction has ~;ready beer. ::11·0:x,sed (so::e, for 

~xcm:pl~. P81e:1t D;Jcurr:~r:'~ 1}. 

8y t~k Y11::iy, t~;e pC1.,1;er supply rr.et~vJd fr•Jrr; the e!.::-e:·trGnic devi-:..;e :.::s t~;e hcst d.::-vi-:..;.::- to .,,,p;1:::::h the memor1 •:ard is rr;c;un·ted tc t~k merr:crJ card ha:.: bee:1 div-2~.s1 lied :r; 

rec-2Pt ye~i-s. :=er this reason, :tis des11·o;:1::; th:.::'.: any '.:yp-2 of host d-2v:c-2 c:.::r. ~pproprime!y supp;y povver '.:O the p~:emory ,:m1J. 

,_:1:, :-?DD✓--✓-?9:?,18 A 

n1>: prese;;t inv-er;t1Gn prcv1des Q ::::::.::rd-!:ke st•J~Qge device t~;at e::.::r. :.:upp:y pow-er appropriately frrxn any type Gf host device, :.::n Qdap·ter to i.-1;hich t~;e stcrag-e dev:ce i.s 

rncunt~d, and" hes, device. 

A.1: 3S(Jf:Ct ot '.:he f .. ard-Hkf: S'.:Cr3[-!f: de'lice cf the present :1:vent:01: :r.c;Lides :": pow!':!" s:..1pp!i '.:ern1:r.a! fc!1· l"f:ceiv·ing pffwer s:J~-)p!y frcrr. :": host rk:V:cf:, on :":11tenr.a tN:-ni1:a: 

cc:v;e:::::·ted 1-:..1 a nor.-c•Jr;tae:·t cc:1v11~i;;i:::::a1i-:..1:1 an·ter.n::i prc;vid-ed ir: the host de.,rice, :.::r.d ~-eceiving a :.:igr:a! f~.;_1;71 t~;e :.::nte:v;a /.\_ centre! circuit ~;avi:19 a w:re!es.s 

ccmmuPication f:..iPc'.::cr. ~Pd :.::r. ;c -:ard t:.ir:ctioi~:;:.:: p,:1wer g-21~:erm:or. -:irc:.i:t th3t is ind:.ided ;p '.:he -:i:•Ptrol circ:..i1t ar:d go::nern'.:es povvei· ~cccrding to a siqna: frcrr: th-2 

;::nlP.r:r.c-:i; ~r:d ::~ ir.c:ud~d :;; lh~ co;;:_;;._1: :;irc:u::. ,1:1d i:~ SL:pp:f P.d le th~ f..l!"JW~r S:jpp!y ·:~t·mir.c1: Ar:d ~ Si.'\1i'~c:h:r:g ci:·c:_;11 fGr s'.-v:tchir.g th~ fKN/H s:ipply fr:Jm '~he pG'.f,te: 

generation circu;t_ 

.4.r. t:spect of t~1f: host df:virx: ot '.:he o:·f::;er:'.: inver.ticn lnd:Jdes a cnn'.:act!e:;s CfJ:-n:-n'.i1::cati•.Y: ar:'.:ennt:, o ~-)ower r,'.ipply c:::--cuit t~1:":t ger.e:atf:s pc'Ne:: a pn\ri!f::· 9enerotifJn 

ci:u:it th;:::_ h~s e1 wi:·e:t:ss cGrr:m:jr:k;;::nG:1 f:ir.ct:or: ~r:d e1r: !G :;md fu:1cti!"J:1 c1:1d g~r:e:·c1tes pc:'.-vt:: ~cco;d:r:g '~o c1 :~igr.c1! f;;._1;~1 thP- f!nte;;r:,1. /-\ c:e1;d-:ike slG:,1ge d~1ric~ 

,:ompr:sii~:q a svv:'.:chii-:q circuit fo1· swit-:h:r:g tio::tweei~: a pc'vver supp;y from the powei· ::upp!y ger.ei-~tion circ:..i1t ar:d ~ powH s:.ipp!y frorr: the power su::1p!y-:irc:..;it, and ,3 

r:-K:L:nt:;;g pot·ll:Jr: Le which thP- f!nte;;r:,1 find :_f;t; cc1:·d-:1ke :~tGmg~ devic:e ,1:P. c:;__1;;r:P.:/~ed i.'\1he:1 r~;Gu:r:~d; t,. hGs-: c:e:1t:·e! u:1i'~ fot· 9e:1~mll:1g c1 c:Jmm~r.d fo:· cGnlrG!!ing :_f;P. 

switchi,19 eircu;, 

fa.P :.::spo::ct ot '.:he h•:1st device of tho:: presei~:t 1nv-2Pt1on ind:.ides a ccnt~-:tless comm:..;r.i-:atior: ~i-:to::nn:.::, u power s:..;pp!y cii·,:ui'.: '.:h:.::t g-2Permes :x,wer, a pcvver geno::rnt1on 

(;i;;__;uil ·:h~'~ he1:~ ~ wl:P.:eBs ce11::11u;;l:;~lie:1 f:_;r:e:ior. e1;;d ~r. ic: ;__;r,1rd fu:1c1k1:1 ,1:1d ge;;t;:a:~s pGwe:· e1cco:dir.g :.o ,1 sigr:,1! fr:Jm the r.1nlP.r:r.c1. t,. c~:d-:ikP- ste:·c19~ device 

cc:11p~::.:ir:g ::i SY11:t•:hir:g .;_;1rc:.ii1 for s-..vitch:;;g bel'.-\1eer: a pGwe: :.:upp:y fr•Ji7l the pcvver supp!y 9-er;era-ticn •:ire::..;it ::;;;rJ a p.;_y.,r.;er supp!y frctr: the pow-er s:.ipp!y ci:c:)1t, a:vJ a 

r:1cunt::-:g portior: tc 1111h:c~1 the onte:-:1:a ond tt:e ca:d-Hke :;h:rage rk:V:cf: a:·e CfJ:-:1:ec'.:ed when 1:-:l:Un'.:ed; !n '.:he f .. ase vvhere t~1f: cord-Eke r,to:·t:ge dev·ice is cpf::":":tf:d by tt:e 

pc;we: .supp:y fr•Ji7l the pcwer supply g-er;era-ticr. •:1re::..;i1, pGY11-2~ :.:upp!y :::::cr.1rd ;71>:ans fc: o..:tt:r;u cff ·the p•x,,ver s:)pp!y generated by the pGY11e~ :.:upp!y :::::ircu:t is p:-:..wided, 

Ar. Qspect •A t~1>: adapt-e~ •A t~;e pres.::-r;t ir:v.::-ntior: j;;c!:..;de:.: a c::ird-sh:.::ped mair. LK-idy, a r:cn-•:c;nta:::::t c.;_Ji7V7lUnicati•J;; ar:tetVlQ prmtid.::-d ir. t~1>: main ~Jc;dy, a c-:..1;;r;e:::::tcr 

ccn:-:ec'.:ed tfJ tt:e or.ten:-:a ar.d ,.-.nnnectf:c: tn o ct:rc!-shopfa! s'.:oroge t!e'lice ca~-Jable fJf :-:l:1:-ccr.tof .. t c:on1r:1ur.if .. atior:c lt t:as 

,\e;;__;<;rdl:1g h: th~ p:P.se;;:_ l:fve;;:.IG:1, ::. Is p;._1:~sib!e tG p:uv:dt: ~ ;__;;::rd-!:ke s-:o:~ge (fo,dcf: ·:h81 c;::r: supply p;__Y.,,\1~t· 8pp;;._1pr:r.1tt:!y fr;._1:11 r.1ny typ~ ef !i;._1:~t d~1,1:c~, ;::n ~dc1pter :.o 

w~;1:::::h the s·torage devi-:..;e is rr;c;un·ted, and a ~;c;s·t devi:::::e, 

r-;G. ?.. shews on ernbodirr.e:-:t nf a ca:·d-:ike :;tnrnge df:v:cf:, fa:-- exarnple a 11:er:1ory ca:T:! ! : . Tt:e r:1er.":cr/ c:ard ·! ·! ,.-.nn'.:a:n:,, fo:-- ext:11:ple, a ca:d c:nn'.::\1!:e: d:ip ·! 2, a 

;;Gm,c!Qti!e s.::-miccnd:)ctrx merr:cry chip 13, and an !C c::i~d f:)r;e:·tior. diip 1 i!. 1r1 :.:: .;_;ard :::::as.::- 11-1. ;:Gr exa;71p!e, Q ear.nee tGr 15 i.s prmtid.::-d or: c:1>: side Gf the rr:e;7v_-i~y ca:d 

1:. The ,:onr:ectoi· 15 h:.::s, for ex~i-:1::1le, ~ p:urn!ity cf terrr:in~ls tc vvh:ch one ei~:1J at the tius 16 ;::; ccnno::cted, two terrr:in~ls tc vvh:ch the pcwer supp;y voltage VD:J :.::r.d tho:: 

gt·oL:nd pGIP-:r:if!! vss r.1m ce:-,;;t:e:~d, ,1:1d 1'.-VG IP-:rr:ir:flk~ IG wf;lch e1;; ,1r:'~er.ne1 is ;__;<;r:n~c:ted 

The .;_;ard :::::cntrd!.::-r e:hip 12 ir.ch..:des Q b:.is :r;terfQce (! / ~) c:r•:ui·t 12a,:.:: tr:-2i7KW{ cc:1t:c! unit 12LJ, ar.d QP !C ca:d •:Gntm! un:t 12e:. rh-e b:.is l /;: e:ircu:t 12a is e:or:r.e•:ted to 

;:-,e mher e;-,,:; ot the bus 16, EJnd is aiso concec,~d ,o ,he ;-,1~1T,ory c,:,;-,,1·,:,: ucit 1'.'b acd th~ IC c3rd c,:,nt1·,:,I unit 1 '.'c. The bus I/ F circuit 1 '.'il supi:,liss,; deck sig;-,ill CLK,,; 

ce:11:11e1r:d GMD, tfate1 DJ\:"0-:3, c1;;d lh~ !:k~ s:_;pp!:ed f;;._1;~1 r.1 h{:st d~1rk;~ (nu: sh;__Y.,,\1r:) v:r.1 lhe bu:~ ·i h te th~ m~t::{:ry c:J:r::G! u:1::. ·! 7-b f!:1d thP- !C c:e1;d c:Jr:'~::J: u:1lt ·! 7-c. :=Gr 

e>:mT,ple, darn supplied f;·om ,:-,e ccn,,cl uni, '2 ::, and th~ IC c3rd c,:,;-,,1·,:,: ucit 12 c is outpu, ,o the bus 16. Ths me;-,1,:,1·y centre! uni, '2 ::, is c,:,nnscted ,,:, ths nonvoiatile 

Sf::-nieor:duf .. t•.x 1:-:en10:--y d:ip : 3 \i:o thf: b:Js ·17, ond tt:e :c ca:·d c:on'.::--ol unit 1 ·z c is ccn:-:ec'.:ed tfJ tt:e :c ca:d f:v:c:tior: ct:lp : 4 \/:o thf: 1Ni:in9 13- Note '.:hot thf: eord 

•:Gn·trG!:e: diip 12 prc;t.::-e:·ts the copy~:ght of the <.x-ir;tent data :.:tc;red in t~1>: nor.vc;!a-ti!e serr:ioJr;d:.ictcr tr:ei7VJry ch:p 13, fc: -examp!-e, CPR~1~ (C•J;;tent PrGte:::::ticn fo~ 

Rf:c:o:--dobk: Media} ~E:sed a'.ithen'.::cati(!I: or.d f:nc~pti•.Y:; encr/ot:01: bosfa! or: a c:nn1n1or: key :,yste:n. !t a:sfJ has a deccd::-:g tunctifJn. 

T~1f: nor.- ·v(!!m:!e ser.":iU!1:d:..1ctcr rr.e:-no1y ch:~-) 13 i:, a t1or,t: n1er.":Cr/ c:nn1posf:d nf, for exarnple, ~.J.l\X~D type EEPROM cdls. Tt:e r:cnv·nlo'.::k: serr.i•.-_(!llductc: :nf:1:-:(!IY ; :3 

perf•Jri7E: d:.::t:.:: writing, r.::-adir.~1, ar.d .::-rnsir.g :n :.::c-:..;c;rdance with ::;r; ir:struct:c;r; frc;m ·the :11-err;c;ry cc:1t:c! unit 12L1 by u:.:ing, f•J~ .::-xatr:p!.::-, H-t.1:t da-ta a:vj a cc:1v11::ir;d 

inte:--faee. 

!r: c1ddlti!"J:1, ;::n ~t·ec1 (d;:::_;:: s'~~x~ge r.1:P.~) in i.'\1hicf; :fa'~~ ef the WJr:1,10:,111:e :~P.mic:;__1;;duc:o: me11:;__1:y chip·; 3 is i.'\1:i":l~r: ::~ di1,1:rfod i;;:_o ,1 p!u;e1:i1y ;__1f e1r~r.1s i:1 w;c:;__1:"tfa;;c~ wilh 

::tored data l':x ex;;r,,ple, tbe ncmrolatil~ se;-n;;:onductc, ,1wr,,ory c:1;p 13 i"cludeB a ge,,eral a,e;; for s·t:xi~g u::er data ;;r;d a Beeure "'~il for stcrin9 rmp:xtant data c1s 

data stcra~v: a:--eor,. The [-!f::-:e:·a: a:·f::": :s t:1: areo t~1:":t a usN whc '.is-es t~1f: n1er.":cry c:a:--d : ·! ,.-.an freely ocf .. ess :":lld ur,f:. The :,ecure :":l"f:a ir, an orea that con be oc..-.essfa! 

or.!y w~;en the ,,ra:id:ty cf the ~;Gs·t devi:::::e 21 is pr•x,,red LY{ rr:u1ua! a:.ithent:•:atior: wi·th the ~;c;s·t devi:::::e 21 :::::cr.n-ected le the memor1 •:ard 11. 

I~ add1t10n, ,:1e iC ca,d iu,,cti0~ C"IP 14 ;s ccn,,ected tc ,:k IC ca,d ;:ontrol L:n;,: 2 c elf ·the wirin9 18 a~d ;:: ccrvkcted tc ,:k a~terv1;; termi~al of tbe w,v,ector, 5 

tt:1·0'.igh '.:he w:r:r.r-1 ·i 9. The ;c ,.-.a:T! t:..1r:cti•.Y: ehio 1,~ ho;, a r:cn-f .. (!lltac'.: 'Nlreler,:; ccrr.rr.iy:leo'.::cn f:v:c:tior:, and ca1: transmit t:1:d :--ecf:lve f:!ectrcr.":a~v:etic r,igna!r, v:a tt:e 

:.::nte;;r;a of the ~;c;s·t dev1:::::e ·,,vhen t~1e merr:crJ card 11 :s c.;_1;;r;e:::::ted t-:..1 t~;e hcst devi-:..;e .. 

The K: .;_;ard func1i-:..1:1 chip 14 is ::i setr:i-:..;c;nd:..;c1cr .;_;~;ip ha,,rir:g ::i so-c::ined IC .;_;Qrd functic:1 s:.ich QS a .;_;r.::-di·t ca~d, a CQsh c::ird, prep::i:d mor:ey. QP err:pk1yee ;D, v::ir:c;us 

:icen:;es a:; a p:J;-J!ic HJ, ar:d a pasr,~-)(!l"t. The IC ca:·d f'.i1:e'.::or. d:ip ·! 4 :Y:aHzf:s on !C c:a:--d fur.ct:01:. Fer e.<ar:1p!e, pub!:c: kf:y en•.-.ryp'.::cr. (PK:). :;t1·01:ge:-- cc:n:nfJ:-: key 

etKT{p·tior. (/u:s: Advanced Es1:::::r1pt:•JP Standard, e·t:::::.), t::irr;per resi:.:tan:::::e, e·tc. H:.::s adva:v:ed s.::-c:.irity fu;;ctior:s, In order Le ~,eQ!:2.-2 this ::idv:.::r.-:..;.::-d se•:ur1ty fun-:..;t:fJn. the !C 

c,3;·d fui~:ctior: ,:hip ~ 4 ;pcorpcrates a r:cnvo!:.::'.:i!-2 serr.i-:ond:..;ctcr m-2P~:ory (r:c'.: si-:owr.:i for storing the ,3Q,:1ve d~t~. 

The oower r,'.ipp!y \/0:'.:3[-!f: VDD and the r.ircund po'.:er:'.:ia! vss supplied fron1 '.:he t:(!S'.: dev·ice tfJ tt:e pcwe:· supo;y te:r.":int:!s PVV: a:-:t! PW:?. of '.:he cnnnectfJ:· ·i 5 a:--e 

supp!ied t-:..1 t~;e ca:d •:Gn·trG!:e: diip 12, the rw;;vo!at:le se;7i;r__::or:du-:..;t•Jr rr;emory diip 1~1, ar:d the !C ::::::.::rd fl:n-:..;t:fJn c~1:p 14, r.::-spect:,,re!y. 
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f:G, 3 shews 3 otute w:~,ece ,he ,~nemory c,m:111 is cocnec,ed m the hos, device'.':, As the hos, device'.':, fer exam pie, a mcofo pho,~,e or 3 cmcH:ke adaptec rnn be 

Qpp!ied. ·rhe ho:~t de,,1:ee ~'.1 l:1dudt:s, f;._1; ~X;'.':t::p!-.:\ 8 f;Gs-: ctrnt:·rd uni'~ ✓-~'., ,1 pev,;P.: supply c:rc:ji'~ ~:J, ~ bclae;y 7-h, f;._1; ~X;'.':t::p!-.:\ 8 k:Gp-she1pwJ r:trn-cGnl,1c'~ co;~,r~;un:cc11:or: 

;;nter:r:a 24. ·:r:e ~;c;::rt ccntrc:! un:·t '22 :s cc:v;e::-;·ted 1-:..-1 a p:un.=d:ty cf terrr:i:v;!s cf the e:or:r:e•:tor 15 v:a fr1e ~J:)s 25. r~;e hcst •:Gntm! un:t 22 gen-er;;tes c1 ,Jock sign::iL v;;r:Gus 

cnn1n1ar.d:,, and c:ata fa:-- ccntrcd:l11g the 1·-r:en10:y f .. :":rc! 1 ! 

·rhe poi.'\1er s:_;pp!y ·,.r!):-~8ff2 voo c1:1d the greu:1d p!J:e::'~icd vss G:J:p::·~ frrJrn H:e pG'✓,te:· .supp:y cit·cu:t :.?:3 ~t·e .supplied tG lhe p;Ji.'\1et· supply ter:·n:r:,1:s :=:w1 ;rnd PW/.. ;Jfthe 

•:rx1r:e.;::t•Jr: S, re.spe:::::tive!y. !-=:..;rthermore, Gne e;;rJ ar:d the Gther e;vj Gf the ame;;r;a '24 Qr>: :::::cn;1>:cted 1c the ar:ter:nQ termin:.::! •A t~;e ccrv;ee:·t0r 15. 

1Nhen :":cce:,s:r:g thf: 110:n:vo!atHe :;er:1:c•,Y:c:uc-::or r.':e:nfJ:"Y 13 cf the 1·-r:en10~ f..arc: 1 ! fror.': the l:ns-:: dev:ce 7.1, vvTiting G:" :-et:c:ing cf dat:": tn or t:\1n1 -::he no1:vdat:!e 

se;7H..::or:du.:,::t•Jr rr;ern0ry .;_;hip 1 ~1 :s c.;_-1;1tr.;_-d!ed i;1 a:::::ccr.:.fa;;ce 1Ni th :.:: ;11err;c;ry ac•:es.s c0rnm2:r:d :.:er:t fr0m the ~;c;s·t devi:::::e 21. -rha1 i:.:, the rr;ern0ry .;_;c;r;tro! :..;r:i1 12b Y11rite:.: 

,he wri,e d3,'3 1·eceived frocn the hos, device '.': vi,; the bus 16 and the bus I/ F ci,·cuit 123 to ,:-,e gene ml areo c,r the s~cure 3,e,; of the nonvoi3tile serr,;cocduct•Y 

;~1t:rr:rJry cf;lp -:J, ,1:-:d the WJ:"1vo:,1n!e :~P.mic:;_1;;due:or men:;_1:y DQtr,1 :"f:;'.':d frc:n: the chip·: 3 is t;e1;;sfP.:":"P.d '~c: the h!°Js1 devic:e :F! v:r.1 lhe bu:~:/ F c:rcui'~ -:~: Q ~r:d the b:jS 16 

Or: the Gther ha;v_i, '.o\1~;en data 1s 1rnn.srr;1tted / re:::::e:,,red 1c / from the IC card for:ct:or; ch:p, the ;c •:ard for:cti•J;; :::::hip 1s c•J;;tr.;_1;!ed :;; acc-:.vdQPt:e v1ifr1 a;1 ~1~cEX (~;l0bi!e 

Cornm:..;r:i-:utior: Ext-::nsiori Stm1d2:rd) ext-::nsicri cornm:.::r:d tr:F:srni-::-::ed frcr.': the hos-:: device 21. That is, th-:: McEX extensi-:F: comr.':and ser:t fror.': the hos-:: device 21 is 

:~:jpp!:~d ·:rJ '~he :c c,1rd c:e:1t:·e! ur1i'~ 1 ~:;_; 1rie1 :_f;t; bL:-S ·! 6 ;'.':tKi :_f;t; bL:-S i / i= :;i:·c:_;lt ·i 7-;'.':. n,~ !G u:i:·d cGnlrcd L:n:t ·: :.?c tt·;'.':r:.s;~1lts '~he ;ecP.i\.'HJ ce:11:11e1;;d rfo'~f! (C-i-\PDU'. 

ConF:1::rnd-.A.pp:ic~t1on Pro-::ocd D:3t:3 ui~:1t) to the !C c~rc; h1nc-::icn chip 14 in a-:i:ordar:ce with u ccrr.rr.uriic:.::-::icn ::11·,:1t•:1co! c,:1i~:1pH2:nt vvi-::h !S07B~ ti Further, th-:: lC card 

,.-.nn-:::\1! unit ::?.c ref..ei'lf:S data (RAPDU: RespfJn:;e-.A.ppHf ... atian Pro-::occ! Dt:t:": ~.:1:i-::} :'ecei\..-ed frcr.': thf: !C card funf ... tin11 chip 1~~ bi a c•,Yn:~nLi11:catio1: pratacd ,.-.nn1p:ia:~:t 1Nith 

:SC"?Bl 6 via the bus I/ F •:ir:::::ui112a :.::r:d t~1>: b:..;s 16. -rrnn.sf.::r to the tw.st dev:ce '21, 

When ;;s:ng the IC card function, the antew,il 24 cf th~ hos, dev:ce '.21 :s !:-re-ugh, cl-:,se tc "'-, extecnol device h,;v:ng" ncn·wPtuc, corr,;~,1,;picatio,-, func,:cn, for ex3m;:,le, 

:":11 ar.ten:~:a 32 fJf a reader; w:-itN 31 os show:~: ir: FlGc l:~: th:s :,tate, f ... 01:~:1:~:un:cati(!I"': :s ~~)e:to1·:~nfa! behveer: thf: reader; w:-itN 31 or.d t~1f: lC ca:d f:v:ctiar: ct:ip !4 v-io the 

:.::nte;;r;a J'2 ::;;;rJ the ::;;;t.::-nn:.:: 2i!. 

F:G, 1 shows" pcwer supply sv;:,chi,~,e; funcicn prc-vid~d ic the IC card fcnc,,c,p ch,;:, 14 accordicg tc the embcd;p~,en,. The IC card icnc,,c,p chi;:, 14 includes" ccnt3ct 

inte;foc~ O / 1=} drc:u::. (wired :n1P-rfr.1ce) 1 ,~e1. ;'.': :1or:-cor:t8ct :n1P-rfr.1ce (!; n drc:ji'~ (;'.':nte:1r:,1 inte:'ff!c~) ·: 4b, Q fYJWer gP-r1erntk1;; circ:u::. ·: 4r;, r.1wJ 8 power .switc:h:r:g ci:-;_;:_;11 

14d, His -:.1ut ·rhe <x1;;tQct: / ~ c:r•:uit 14 Q is .;_;c;nnected tG the IC .;_;ard :::::cr:trc! :)r;i·t 12 .;_; by 1~1>: Yliiri;;g lil. n1>: :::::or.tact I/ F :::::ircu:t 14:.:: i:.: ar: :;;t.::-rfo•:e c:r,:ui·t cc;1fcrrr.i;;g tG 

:so7B ! 6, and p!'::"fGrr.':s: -b:-:: Sf::"ia! cc:n:n:J1:icatifJn 1Nith t~1f: lC ca:d ,.-.n11trn! unit: :?.c_ Thf: 110:n:- CfJ:~:tt:ct: / F ci1•..-.u:-:: : 4 ~) is a:~: !SO 1,~.~~~:::-c,,YnpHont i:~:terfoce ci1·..-.u:-:: far 

perf•Jr;71:r;u w:re!es.s :::::cr:-:r:-:u;1:ca-ticr: 1,ri:.:: ::i hGst de,,rice desoi~J>:d :ater, :.::r:d :s c.;_1;1;;e:::::ted t-:.1 t~;e 2:r:te;1;;a ·termir:al Gf the c.-_-i;;r;ectcr 1 ti via t~k Y11:r:;;g 10. W~1>:n ·the ::;r;tenna 

,:if ti~:e hcst devi,:e is conr:e,:t-::c; to -::he -:onnectoi· 15, -::he power g-::nern-::icn circuit 14 c gei~:era-::es ~ powH Pecessmy fcrthe operaticri of the ic c:3i·d f:..iPc-::icr: ,:hip 14 frcm 

;'.': .slg:"1;'.':! :~upp!i~d viQ the f!:1ter:n~. rhe fYJwer s:jpp!y sv,;llching cit"CL::t 14d is s:jpp!:~d w::_f; lhe pewer oL:tput frc:n: th~ prJw~r gP-r:e:·fltio;; drc:u::. ·! t~r; f!;;d lhe p;_1wet· supplied 

trorn -::he ;~:ost device vfa the cor:r:e,:to1·: 5. The powei· ::upp:y switchir:g -:irc:..;it 14c; is ,:ontigured t•:1 cor:rnct ,:1Pe cf a ::1,:1wer S:..ipp!y outp:.i-:: trorn -::he p,:1wer S:..ipp!y 

genf:ratian ci1•..-.u:-:: ; 4c and a ~XN'!e: :,Lipp:y supplied fran1 -::he t:(!S-:: dev-ice v:o thf: cor:r.e..-.h!r 15 in acccrdan..-.e 'Nit!: o co1:t1·0: si9nt:! su~~)~~)Hed frcrr. t~1f: ccr.taf ... t I; r- circ:Jit 

14a. 1~ni:: :s ::unalied t0 ·the : i ~ e:rcu,, : 4b. 

fa.s sh•:1wr: ii~: FlG. 3, in :.:: st~t-:: vvh-::re -::he meP~:01·y cai·d : 1 is i~:1ounted cri ti~:e hcst devi,:e 2. ~, the pc'vver switching circuit 14 d detei·miPes vvhe-::her p,:1wer i:: supp;1ed from 

·:he power te:n:i;;r,1!s FW <b> -: e1r:d PW <b~ :.? of '~he cGnr1ect;_1; 15. When It is d~tH;-:ed 1he1t pGwe; :s supplied frc:n: th~ fJ!"JW~r s::pp!y ·:et·mir:e1:s Pi/',!"! f!:1d 1=•\Af:.?, '~he pGwe: 

su::1::1ly switching cii·,:ui-:: 14d ::upp:ies pcwer frop~: the povver su::1ply tei·miPa!s PV'/1 mid PW2. tc the nor:-coi~:t~ct: / :=- ci1·,:ui-:: ~40. For-::his 1·-::uscr:, the rr.em,:1iy card 11 

pe:forr:1s 1111:re!e:;s CfJ:~n:~n'.i1::catl•,Y: \ri1it~1 tt:e read!':!"/ 1111:'iter 3; ~JY r:cn-f ... (!lltac-:: Gpf::":":tin11 'Nit!: the pfJVver fran1 -::he ~~)(!We: :,Lipp:y c:rcuit 7.3 ot -::he ~1ost de-../ice 2·i. 

f:_;rthH, v,;her: the fYJwer switd:ir1g c:rc:ji'~ 1,~d (folects :_f;r,1t no pewf::" is S:jpp!:HJ frGrr: ·:he power te:n:i:1Q!s PW': e1r:d PW7- dL:e :_<; ~ decrt:8se :n ·:he VG!°:;'.':ge e,f :_f;t; bf!Eery 

2.6 of th-:: host d-::vic-:: 21, ,:11· ti~:e hcst devi,:e dces no-:: have a p,:1wer s,:1urce. Vijh,;:p -::he power swi-::chii~:q circuit 14d detects -::hat ri,:1 powH 1s S:..ipp!:ed, -::he p,:1wer swi-::chii~:q 

Ci:"Giit ! ~~d :,Lipp:if::; -::he oovver frar:1 the pnv,;e: 9f:11ern-:::cn c:rcult ·i 1~c -::o the 1:nn -ccnta..-.t ! / r- ci:"Giit ! 4b. :"=nr th:s :et:sar:, tt:e r:1err.c:y cord ·i ·1 pe:'f(!l":~n:; wil"f:!es:, 

•:rxnrn:.mi-:.;at10n i.-1nth ·the reQder / writer 31 by iVJP-t:or:tact .-_-ipera-ticr: i.Vith ele:::::tric p•Jwer from the e!ectrcrr.::igr;e·tic :r;du:::::ticn fr.;_1;11 t~;e r:cr:-.;_;c;r;ta:::::t c.;_1;7v71:)r;icati.;_1;; 

:":11ter:r.a 7.1~ at -::he ~10:;t device 2·1. Th:..is, the r.':e:no:y card ·1 ·i cor. ,.-.har:ge tt:e pG'Ne:, supo!y forn1 fran1 -::he t:(!S-:: dev-ice :":cccrdin9 t(! the PfJvver s:J~~)p!y :,tatLis cf the l:ns-:: 

devir;e 

5 tc? :.:how us:.::ge patterns cf the memory •:ard. 

F;G. 5 shews a ::tute in whici~: the rr.em,:1iy card 11 is mo:..iPted en th-:: card-like :3,:Jupter 5~. Th-:: adaptei· s: does Pot have:.:: power so:..i1·,:e su-:h :.::s u b2:r::er1111-::he m~m 

bGdy, ~r:d f;r,1s fin r.1nlP.r:r:8 5:.?, 8 cGr1r:e;_;:_or 53, f!;;d ~ st;._1:w::,t: ponior: s,~ for :_f;t; men:e:·y C;'.':t"d 11 ·r he c;_1;;r:P.ch:r 5J :s c:;_1;;r:P.r/~ed t;._1 :_f;P. ;'.':nte;;r:,1 S✓-. tly ir:.sHt:;;g ·:he 

;71err;0ry CQrd 11 i;1t-:.1 t~;e hcu.sing 54 Qnd c.;_1;v;e:::::tir:9 t~;e merr.crJ e:ard 11 t•J the c.;_1;v;e:::::tor 5~1. the rr.e;7VJry card 1: ar:d the anter:n::i 52 are •:rJnr:ected. 5ir:c.::- this Qr_fap·ter 

s: doer, 11at ha-../e o oovver r,'.ipp!y, wt:en -::he :~nf:11:n:y ct:1·d 11 i:, attached tl: the ca1·d-Hke adap-::er 5·1, -::he oovver r,'.ipp!y swltd:ing circu:-:: :4d selects- -::he oower r,'.ipp!y 

ge;1>:rnt10n c:r•:ui·t 14c_ ·r he p.;_Y,,ver ge;;erati0r: c:rcLlit 14-:.; uer:er::ites pc'.o\.'er frorr; a s:gna: re.;_;eived by dec1rcrr.c19;;eti::::: :;;rJu:::::ticn ~Yf the anter:r:a -':,2, c1;1d s:..;pp!:es :t t•J the 

ccn·contac I/ F circcit 141:-. :c th'o state, a non-conrnct operntioc by ,,Heless cocncnun,catioc '" possible. 

Fur::her, the pcvver suo~~)!y :,w:tc~1i1:g Ci:"Giit 1 ~~ d can bf: car:-::ra:k:d by:": COr.':r.':and nutp:..i-:: frnn1 -::he t:l:st centre! Lin:-:: 22 of t~1f: host df:virx: ·z ! Tht:t is, it :s oossibh-: fnr the 

he.st devi-:.;e 21 1c :.:wit.;_;~; the p.;_y.,r.;er supp!y .swi1c~11ng c:ro..:i·t 14d :)sir:g Q e:omr:-:and a:::::ccrd:;;g t0 the p•Jwer .supply capab:!i ty -:.1f 1~1>: host device 21. 

!-=or e:::arnp:e, as .shGY11;1 in HG. 6, the .s:ze -:.1f t~1>: !ocp ::ir;tenr:a 61 prGvid.::-d ir: the m0bi!e phor:e QS the ~;c;s·t devi:::::e 21 may be s;11::in. ::;;;rJ suff1-:.;1er:t pcwer may no·t be 

:;:..ippEf:d -::a -::he :c card f:..ir:ctl•,Y: chlo : ,~, Ir. :;uch a cosf:, -::he t:l:st centre! Lin:-:: 22 :;uppHf:s pG'Ne:, tn -::he lC ,.-.a:T:! tunctifJn chip ·i 1~ f1\:1:~: the PfJvver s:J~~)p!y ,.-.1:\--:uit 23 shG'NI: :r. 

~!G. ~1 •A t~;e hcs1 d.::-vi-:.;.::- 21, s0 that the p0Y11er SLlpp!y S'.o\.'ltching cir:::::uit 14d :..;se:.: ·the p,y,,ver .s:)pp!y ter;7i;r1a:s P\11/1 and PW'2 -:.1f 1~1>: :::::or:nectrx 15. 0:..;tput the c0mm2:nd t•J 

be oeiec,ed. Spec1tical:y, the hes, conceal un,, 22 s~,-,cis co,~,1,~,1,;nd d3t3 (C> APDUJ th,;, instrccts the ncn-conrnct I / F circuit 141:- :nth~ IC c3rd function chq:, 14 tc oe 

:~:jpp!:~d w::_f; fYJWer f;;._1:11 :_f;t; rx:vvt:r IP-rmir:fll:~ pw·! ;'.':tKi P\f-f".? Ar:d se;;:_ :.o the c:e1rd cor:'~rrJ:!e; chip 1".? 1rifl :_f;t; bL:-S ·: 6. -n:e c,1rd c:;_1:1t:-;_1HP-r ch:p ·! 7- '~:";'.':r:.s;~1:ts cen::11e1;;d rfo'~f! 

(C·APDUJ to ti~:e :c cai·d fupctior: ,:hip ~4 via the wirii~:q 1 B by the !S0/816 cornrn:.ir:i,:ut1on prctcc,:1;. The ;c -:a rd t:.ir:cti•:1i~: chip :4 cari comm:..;r:i-:ute with the -:~re; 

,.-.nn-:::\1!:e: d:ip ·i 2 tt:1·0Ligh -::he ,.-.n11tact ! / F ,.-.ircult ·i f..:.a, !V:t! the pfJvver s:J~~)p!y :,witc~1i11g ci:"Gii-:: ! 4d is ccntact!esr, based n11 cc:n:na1:d dota (C-APDU} :e•.-.e:vfa! f1\:11: the 

card c0n·trG!:er •:hip 12_ !3wi1c~;1ng i.s perforrr;ed s-:.1 t~;at pow.::-r is .supplied fr•Ji7l the pcwer supply terrr.i;;a!s PW1 QPd PiJ\12 to the I/ F circ:)1t 14b. !\.s desoi~J>:d :.::bcve, t~k 

:c ca:-d f'.i1:c-:::or. d:ip : 4 is s:J~~)p!:ed \.v:-::h oovver frar:1 the pnv,;e: tf::":ni1:als P\.V"! and PVV2 rKcard:r.r-1 tfJ tt:e cc:n:na1:d, rv:t! can ~~)e:'f,,x:n a ncr.-f ... l:1:tac-:: cpe:-atil:11 by wireless 

CG:"f1:"f1:jr:i;_;r,1n!"J:"l. 

/dternQt:ve!y. QS s~VJi.Vr: i;; F!G. "l,. i.Vhe;1 t~;e size cf the !G0p c1;1ter;na ?1 pr•Jvided in the ;71c;bi:e phGne i:.: !:.::rge and suff:cien1 p•Jwer CQP be .supp:ied tG ·the K: .;_;ard func1i.;_1;1 

chip 1 ~~- tt:e hcst ,.-.n11t1\:! unit 7.7. usf::; -::he oo\.ver r.ie:~:e:,at:or. f...irc:..i:t ln n1\!er -::a s:J~~)p!y ~~)l:we: tc t~1f: lC ca:d function ct:ip ! 4 frcr.': ·1 f..:.,.-., the pnwe:- :;upply S'Nitch:r.r-1 circuit 

14d oL:tputs a ccmmc1"d for selecti~g the an·tennc1 terr,,1n3IB N,1-, c1r;d ANr2 c,: ,be cc,,v,ector, ~. ,·,,1s OJ"lr"arid iB scppl,ed tc the IC e3rd fL:ncc,,c,r, ch;p 14 i,1 ,"e S8"k 
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mann~r as described ubove, and the IC c;;;-d f;;pc,ion chip ,4 ,s Sci:,plied wi,h p,:,wer from the powec ouppiy genec;;t,,:,p ci 0c;;1t 14c ;;,:cording t,:, this WIT,IT,acd, und c;;p 

pt:rfor;~1 r.1 ::c:n-,::Gr:tw/~ c:pe;e1:.:cn by wi:·fdt:ss cGrr:rn:j::ic:;:::.IGr1. . 

,\c:,::Grdlr1g h: th~ 8l'"x:\1~ et::brKi:r~;t:r1t the !C G;'.':t"C: fl:ti;._-::.:rrn c:h:p ·if..:. iB prG,dd~d w::_f; lhe p;._1wer supply 9H1er;'.':'~ien cir:;L:i1 1 ~~c ;'.':nd :_f;t; pc:1.NH SL:pply sw:·::;hi;;g :;irc:u:t ·! t~d. 

The ::11:::,wer supp:y swit-:hir:g ,:1rc:..;it 14d is p;·ovided wi-::h th-2 preseri,:e / abs-2Pce of th-:: vc!t:3ges at th-:: pow-::1· s:.ipp!y-::errn:r.a;s PiJ\11 arid PVl/2 ar:d th-2 corr:rr:and s:.ipp!ied 

f:·e:·n ~ht: hc:st d~1ric:~ 7-·i. C:8:1 bf: swi·::;hed ·r het·efot·e, mg~rd:eBs c:f 1,,vhP-·:het· er 1K1t ;;: host d~v:c~ eqL:ippwJ "'v:th ~ co;;:_;;:el!es:~ :;c:t::rr:u:1:e~'~ic:n ;;:r:tP.r1::8 c,1r1 C:i:·ectly .supp:y 

pc;wer 1-:.1 t~;e merr:cry card, t~;e merr:crJ card 11 in:::::crpcrati:19 the !C c::ird f:)r;c·t:cr: •:an perform 1Nire:e.ss cc:1v11~i:;1:::::2:tic:1 by .;_·JJPtac·de.ss operat:•JP. :t be.;_;c;rr;es. :"~;at is, 

:;:~er: the pcwer suo~-):y tc t~1f: IC card functlnn c~1:p ! 4 : .. t:n be :;"1Nitct:ed accn1Y:ing tc t~1f: powf:r s:..:pp!y C!ffJ:":bi:ity nf the h:J:;t device tc 1111h:c~1 tt:e ~1errxJ:y eord ·i ·1 Is 

mcunted rx the p.;_Y,,ver supply fcrrr: -:.1f t~V:- host d.::-v:c.::-, the 171em0ry c;;rd 11 c::;:; be c•Jr;nected tG vari.;_1:)s he.st devi-:.;es. Can be :n.st;;!!ed, 

le 3dd1t1on, ;; host d~vic~ thm c3,-, scpply pewee fr,:,m the power Sci:,ply cicccit 23 t,:, the IG c;;rci funcicn chip 1 c: and from the un,enn;; '.24 C3'1 1-educe poww 

cnnsu:noti(!I: ot -::he ~1ost de-../lee ~JY se:ec~:n9 p(!1Ner :;upp:y fr•.Yn the ant:::-:1:a 24. Tt:e cc:1:;un1p-:::cr. of t~1f: bo~-::er/ ?..6 can be suo~xf:ssed. 

!:: the r.l~YNe P-xc1;~1p!P., th~ powH so::t·ce c;f thf: t::e:·n;_1;y !";;'.':rd ::~ swllehed by i.ss:jing r.1 cc:rr:rr:ci;;d IG ·:he ;_;r,1rd. :-:c;wevP-r, th~ rnet::ery c~rd t::ciy ope:·c11e '.f,tilh th~ fKN/H 

:::.ipp!i,;:d trorr: -::he ~F:to;:11:13 by cutting off ti~:e pcwer sL:pp!y-::c the IT:emory-:urd witi~:out :.isii~:q a coi~:1i~:1~nd. Th~t is, ~s im:licmed tiy 3 tii·o~en .:FrC\<V :~ F!G. 3, tor e>:~P-:p!e, 

\.vhen a ~1err.cry eard hav:r.r-1 t:1: IC card f:v:ctio~ i:, mtached tn the ~10:;t dev:ee, tt:e hcr,t cnn-:::\1! unit?..:?. ~1oy s-::op th:: npero~:cn (!f tt:e pcwe:· supo:y c:1·cu:-:: 23 .. 

Note th~·: ·:he cldr.lfJ:er :-;-: .shGw:1 In F!G. 5 fu;the; :w;:ud~s 8 ;_;c;n,1e:·s:rrn c:e:1t:·el c:t·cu:t bt:lwe~r: ;'.': rr:e;~1ory cci:·d :n1P-rfr.1ee cl;;d ~ PG~AC!A (:=:er:~Gr1;'.':! C:en:p:_;:_~r MP-mory 

C~i-d !nter:13-::icn~; fa.sscciutio~) c3i·d mterfoce, so th3t tho;: merncry card c~i-i be used in u PCMC!.4 sbt ot 3 p,;:1·::0:13! -:orr:p:.i-::er. M~y be provid,;:ct 

Tt:t: bkJf .. k dia91·t:1:-: \ri1~1:ch s~1ows t~1f: pr:~cipal part cf th:: 11:e~1ory f .. a:·d w~1:eh c•.Y:eer~s 01: ernbcdi1:-:t:m of -::hi;, ln'H:1:tlnn. Th:: block d:ogrn:n \.Vhif .. t: shews ~he 1:-:en10:y 

card whidi :r:c-:.vp•Jr;;t.::-d ·the IC .;_;ard functic:1 chip: tip s~vJwr: ::; t=:G. ~!G. 3 :s 3 .;_;c;r;lig:..;rntic:1 diagram :.:h0v-1::;g a st::it.::- :r: i.-1;hich t~;e merr:cry c:.::rd s~;c;wr: :r; t=:G. -:-he nuure 

wt:lch :,hnwr, the k.:~fca: i:-:tf:rf ace cf the 1:-:en1ory f .. arc: shc:111111 in ;:iG. The block dit:gran1 wt:leh :,hn1Nr, an exarnple of t~1t: card-:,haped :":c:ap-::er 'Nt:lch f .. an rncunt : wet:1· 

i.'\1ith the rr:e::iot-y c,1rd s!K1i.\1:'! i:1 i=!G. ·rhe b:cek. d:r.1gr~::1 which :~h!°JW-S ~:: e-..;,1::ip!e cf thf: t::c:bi:t: ·:e!ephGr1e 8:~ ~ !i;._1.s:. ,1ppm81u.s wh:ch cci;; rr:G:j:!'~ I i.'\1ef!:· wi·:h '~he ;~1Hr::Jry 

,:ard sh•:1w~ ii~i FlG. The o;ock diagram which ::how:: the cthH exarr:pk ot -::he ni-:1!:1i!e te;ephcr:e us 3 ;~ios-:: 3pp~i-~t:..is wi~11ch ,:mi mcL:nt: vve~1· with tho;: merncry card sh•:1w~ 

:n :=iG 

DESCR:P"f!GN Q~ SYf\180LS 11 ... rv~e:1KFY c:.::rd, 21 ... Hcst ;;pparat:..;s, 14 !C c:.::rd fun-:.;t:c;na: diip, 14c ... p,y,.ver s:_:pp!y generati-:.111 c:rcu:t, 14d,. PGv-1er :.:upp!y 

svvi-::chi:19 e:rcu:t, ! 5 ... C(!nnectfJr, PIN1, P1.-V2 ... Powf:1· s:.ipp!y-::er~1:r.a:, ANT'!, ANT?... Ar.ten:-:a tern1:r.a!, 24, 5:? 6 :, 71 ante:-:1:as. 
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Communication system and communication apparatus 

Classifications 

~ HiJ1 Q'3/2.S C.;_1;;1e:;::!, cyl1ndricaL Ccl'.:J!:· . .st~:p, gauze, •Jr !ik-e e!err:e;;t:.: having CFl extern.i.::-d radiat:;;g 

s:Jl"frff .. e: Eh":11:e:n:~s f.-C!IT:p:,isin9 two co1:ica! s-:..1:--facer, ha'li:-:g cc!H11ear axes a:-:d odJace:n:~ ooices t:1:d 

f~d by ::✓,to-c:;__1;;du:;·:or·~r~::s:·n:ssk1:1 i:::e.s 

Claims (19) 

Worldwide app!icaticns 

Applicalion .JP2007157906A evenls 1:1) 

1. .4 trnns1T,i,ter ci 0c;;1t ucit tho, e;enerates a high-fr~quency sig,·,al for crans,·,1,tt,pg data, a crans,·,1,t,~r incb:!1ng 3 :·,igh- ireque,·,cy wupiec thot ,,·opscni,s th~ high-freq;;ency 

sig;;r,1! 88 r.1r1 e!~e:rGs-:;'.':·~:c: ~':t:k! ;._1:· e1r: i::dlK-::.:rrn e!~clrlc fie:fJ, 

A hi9h-freq:)ency e:oup!.::r and a ~.::-ceiver ir:dudir:g a ree:eivir:g .;_;1rcLlit u:1:t that rece:ve.s and p:cc.::-sse.s a high-fr.::-quer:cy sigr;a! rec.::-ived by 1~1>: high-frequency e:0:..;p!er; 

The ~1:gh freque:-:cy f .. C!Lip!er fJf thf: t1·a11sr.":itte: a:-:c: the ref_.e:'lN l11chvh":s a cnupH:19 e:ef .. t:"fJdf:, a :"f:so:n:anu·~ :..:r.it fc:- :,t:"f:1:gther.i:19 e:ef .. t:"ica: coLipHr.r-1 betv,;ef:1: the f .. OlipHn9 

e!ectrode.s. ::;:;d a rr:ag:;etic !•x:.:s di:.:p0sed 1r1 the 1,rici:1:ty cf the c0Llp!::;g e!e•:tr•YJe. J1 h::is 3 :ad:c; Y11c11,re a~J:.:rxber made Gf materia!.s. 

Ti·::rnsmit::ir:g ti~:e high-fre-::uency sigri~I by e!ectri•: tie kl co:.ip!ii-:q be-::wo::en high-fro::q:.ier:cy cou::1lers faciPg-::he tr<F:smi-::ter 3nd ti~:e receiver; 

A :;c:n:n:u:1:cff~ic:n :~ys-12;~1 chf!rn-:..;t~r:1.ed by 'd:e r.1~YJ11e 

2. The t:lgh -freque:-:cy :,lgno! :s 3 UVvB r,:gno! t~1:":t user, an u!t:-a-\.v:de;-J:":lld, 

r~;e ccrr::11~i:;1c3tic:1 sy.sterr; acc•J~d:r;u to claim 1. 

3. The :"f:sononu·~ :.ir.it U!11s-:::tute:, a band~-Jass f:!te:- tha-:: pa:,ses :": desi:"fa! h:r.ih frf:-:;Lie:n:cy bor.d ;-Jetv,;ef:1: the high treq:..:ency CO'.ip!ers fJf t~1f: transrr.itte:" t:1:d -::he 

~ece:ver. 

4. ,:·,e reson,;tmg p3ct is cccnpcsed ci 3 d,sceibc,ed consrnnt circuit, 

Tt:e ccrr.:n:v:lcoticn syr,tf:1:-: acco:·d:1:g-::0 c:ai:n:1 ; . 

-S. :i-:e radio W3Ve 3bs,:1i·tio::r is ,:,:1P-:posed ,:if u m3gn-2tic :cs:: m3-::eri,3! in \<Vhich tho:: spii~: respcns1b!e fer m~qpe-:::z~tic,n gives ,3 p-:ugnetic !ass c:ue tc ~ c:e:ay caused by 

~ d:,1r1ge :r: ~ h:gh fmq'.:en-:..;y n:clfF;t:11:; field. cir:d generQ:.t:s 8 ;~1Qgr1~/~ic DP-kl:;;~ rnd:o wf!Vf: '~h811rnvP.:s i.'\1hi!~ ~:1en:c11e:y rep~r.1ilr1g c1 r~;r.1gr1e1i-:..; wf!Vf: find r.1n e!~clrl:; 

w;;ve. 8y suppr.::-ssi:19 the prcpa9;;t1Gn cf rad:•J waves 9.::-nernted f:crr: t~1>: high-f:eq:)ency e:o:..;p!.::r, er p:e,,rer:ti:19 the arriv;;! of rndi•J waves frorr: the Gutside to the 

hi9~1-f:"f:(;lil::::--':Ci CGU(J!e1: 

r~;e ccrr::11~i:;1c3tic:1 sy.sterr; acc•J~d:r;u to claim 1. 

6. n;t: ceup:ir1g e:w/~:":Jde :s forrr:P.d i:i:~:de o; or: lhe s:_;rfacP. c:f'~he ;Qdi:J "'vr.11re Qbsot·ber 

r~;e ccrr::11~i:;1c3tic:1 sy.sterr; acc•J~d:r;u to claim 1. 

·1. A :;c:n:n:u:1:c~'~ic:n cir:;'.:it u;;fl fr;r pr:J:;eBsir:9 e1 high-frequ~r:cy signci! fer :_;Qr:smiEing dr.11,1, 

ft. high-freq;;ency coupl~1- fo1· elect0 ic tield coupiing with un cppos1ng c,:,,·,1p~,unic3t>,:,p partner: 

The ~1:gh freqtx;:-:cy U!Lip!er ::-:c!:..:de:; a CfJ'.ip!:r.r-1 f:!ectrcde, o re::;;(!lla-::::n:g '.il:it ttx s-:::--er.r-1thf::-:ing e:ec-:::--:ca! eo:..:p!:1:g between thf: eoup!:1:g ek:ctl\'!des, a:n:d a 1·ad:o wave 

::ibsoq)·t:or: d.::-vic.::- :r:dudir:g ::i magr:eti-:..; !os.s materi3! d1spc.s.::-d :r: the vi-:..;1n:-::y •A t~;e ccupl1ng electrode. VV:t~; a bcdy. 

T:·t:1:s:n:1:t-:::r.9 tt:e hi[t1-fre-:;Liency sir.int:! by e!ect:if .. llekJ cn:.ipH:-:g of ar. f:!ectrostatif .. field (!I" an ind'.ictio:n: e:ec-:::--:c f:e!d with o ~1:gh-treq:..:enf .. y CO'.ip!er en t~1f: ccrr.rr.un:eo-:::cn 
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p~rtri-::r side, 

A :;c:rr:rr:u:1:eff~ic:n dt:,1i;,._-:t;. 

8- The t:lgh -freque:·:cy :,igno! :s o UVvB r,:gno! t~1:":t user, an u!t:a-\.vide~J:":nd, 

n;t: cerr::·nu;;f:;2.i.ie:1 r.1pp2.n:HL:s w;c:e:·d:;;g I!) c:h::lrn -;_ 

9.. The :-::sanotin9 Lin:~ C(V:stit: .. r::es :": ba~d-oass fHtf:1· that pos:,es a c:esi:ed high-freqw:1:ey band with o f .. C!1·-r:11:un:cat:(!ll ponner higl:-freq:..1enf..y C!"J'.~p!er, 

r~;e ccrr::11~i;;1:::::2:i.ic:1 app:.::rai.u.s a:::::ccrd:;;g to d;;1rn ?. 

10, n;t: :es;..1:1Qnng pc1:1 iB :;c:t::peBwJ c:f 8 :.,fo:r::ib::'~ed cGn::/~2.ni. ;..-:lre:j:1, 

r~;e ccrr::11~i;;1:::::2:i.ic:1 app:.::rai.u.s a:::::ccrd:;;g to d;;1rn ?. 

11, n;t: :~C:i;J '.f,12.w: 2.bso;bH is ;..-:or~;pGsed of r.1 rn2.9ne~:c k1s::: rn2.'~ericd i:1 1Nhich ~h~ spi;; mspc:n.slb!e fe:· :118gr:P.·::l.8~:Gn givt:s c1 r~;r.1g:1e1ic kJss du~ h: 8 (fo:c1y :;c1u.st:d by 

~ change ir: :3 high freq~ency rnagr:eti•: tiekl, ar:d go::nern-::es el r:-,3gn-2tic fiek; ir: :3 mdio ~vmre ti~:elt trnve;s wi~:1!e :3;te1T:ate:y repeating a r.-:agrio::t1c wmre elnd an e!ectri,: 

\V3'H:. 8y :;uppres:,ing the p1\:pag3tic:1 t:f rad:o wave:; gen::1·t:tf:d t:\lll': -::he ~1:gh-t:·eq:..:ency CO'.ip!er, nr p:·e'H:1:ting the a1TiV3! of 1·t:cHo 'Nave:, fro1:-: the cutr,:de -::c th:: 

hi~F1-fr-2•.1uer:cy ccup!er. 

The cn11:n1:..1r:if .. :":tinn apot:1·atLis au:txd:r:g tfJ c!3i:n 7. 

12. The ,:oup:irig e:e,:ti·o,:k is formed inside or or: th-2 s:..:rtace ofti~:e r3dio wave 3bs,:11·;:10::r. 

The cn11:n1:..1r:if .. :":tinn apot:1·atLis au:txd:r:g tfJ c!3i:n 7. 

13. .4 trnnsIT,i,ter ciccuIt ucit tho, e;enerates a high-fr~quency sig;·,al for crans;·,i;tt;i-,g data, a cr3ns;·,1;t,~r incb:!1ng 3 :·,igh- ireque;·,cy couple, tho, ,;·0I·,srni,s th~ high-frequency 

sig;;r,1! c1s r.1:1 ind:.;cllor: :118gr:P.·::c ~~!d, 

A high-freq:)ency e:oup!.::r and c1 r.::-ceiver ir:ch..:dir:g c1 ree:eivir:g .;,_;1rcLlit u:1:t that rece:ve.s and p:cc.::-sse.s a high-fr.::-quer:cy sigr;a! rec.::-ived by 1~1>: high-frequency e:0:..;p!-er; 

The ~1:gh-t:·eq:..:ency coLipler cf the t1·t:1:sr:1it-::er and the rerx:ive:· :1:dudf:s a f .. t:uplin9 con t:1:d 3 :ad:n wave a~Jso:·ber m~r1r . .!-lf..cJ.RLrJj:J~trI~).Q§~.CD.{!J:-JJj_cJ~ di:;posed in -::he 

vici:1;ty cflhe c0uali"g ccil, 

n,rnsrnit,ing ,:·,e high-fce~uency sign,;! by coupl;i-,g 3n ;i-,ducicn i-,·,ugnetic tield ::,etwe~;-, high-frequency coupl~1·s facing the cracsmt1~I· m,d the I·~ceivec; 

A !";{:11:11:u:1:eff~i{:n :~yst-2;~1 ehc1rn;_;~~r:1.ed by '~he r.1~YJ11e 

14. The t:igh -freque:-:cy :,ign3! :s a UVvB r,:gn3! t~1:":t user, an u!t:a-\.v:de~J:":lld. 

r~;e ccrr.:11~i;;1c2:1ic:1 sy.st-err; acc•Jrd:r;u to claim 1 ~L 

15. The :·ac;io '-t-!:":Ve :":bsorber I:, cor.-:pc:,ed of a dielect:lc las:, 11:ater:a! tt:at g:'H:s a dielect:if .. las:, by a de:ai ca:J:;ed by a c~1:":11ge 1:-: a hl9t: frf:quer:cy ek:ctrie fl:::d by a 

d1p0:e t~1;;t prGvid.::-s di-electric pr•Jpert:es, or a cu:re:1t :n pha.se w:th the electric f;dd fk"":i.-1;s a:vj e:or:v.::-rt.s e:e.;,_;tr.;,_1;71;;unetic ws.ve er:-ergy intc ~;eat 8y suppr,e:.:sing t~;e 

9eneratifJ:I t:f the eh":e-:::·ic fl::!d :n t~1f: :·adic \Vcl'H: trave:i11g whi:e t:!ter113-::e!i :·epeat:1:g -::he :na~me-:::c f:e!d wave and -::he f:!ectric fie:d vva'H:, -::he ~xopag3-:::cn t:f tt:e 

:2.di;..1 '.f./2.Vt: gen-erQtwJ frGm ·:he f;lgh fr~qL:e;;cy ;..x.:up:e:· ::~ supp;,essed, :J: ·:he :·i:ldlG w2-ve fr{:t:: the G:J:sid-e tG lh~ h:gh frP-q'.ie:1cy co:_;p!et· i.s S'.ipp:·e:~sed. :=::•e-..,~r:1 

3rriv~t 

n;t: ce11::11u;;f:;2.Lie:1 sys~-er~; ~cco;d:r:g'~o c:r.11::1 -:J 

'! &. .4 f .. t:11:11:un:catit:11 Cl:f .. '.iit :..1r:it fer (J:'fJf .. ess::-:g a hi9h-frf:q:..1er:cy si~mal for -::r3r:r,:-:1:tt:11g data, 

A high-f:·eq:_;t::1cy eoL:p!~r for r~;r,1g:1e1k;;::!!y <.XJ:jp!:;;g w:~:, ,1:1 {:ppo:~ir:9 ;..x.:r~;r~;u:1ic:8~:Gn pc1n:1er; 

The high-treq:..;eri,:y cm1p!er iri-:!:..;des a cou::1Hr:g ,:oi! arid a rndio wave 3bs,:11·;:1er rr:ade ,:if~ die!o::ctric !o::s r.-:atei·i~! dis:x,sed ii~: the vicinity ot-::he ,:oup:ing co:L 

n2-r:smiEir:9 :_f;t; high-frequP.:1cy sig:12-! by r~;,1gr:etk; Fi~!d cG:jp!i:1g :Jf ~r: :;;dw/~i{:n ;~12-g:1e'~ic DP-:C: w:·:h c1 f;lgh-fr~qL:e;;cy ;..x.:up!er ;._1:1 thP- c:;..1:11:11:_;r:i:;c1Li;..1:1 p~:tr:P.: ski~. 

!\ .;,_;c;rr;municc1t:on device, 

1 /. -:-he f;lgh-fr~qL:e;;cy .slg:12.! :s c1 UWE s:g:12.! ~h2-:. uses ,1:1 L:!~:·c1-i.'\1ideb2-wJ. 

The con-,rnucic,;tIon app,;mtus accocdicg to cl3im 16, 

18. -rhe rc1d10 'lt'Q\fe ;;bsorber i.s corr:pc.sed of a d:e!ect:i•: !os.s material t~;at uiv.::-s a d:e!ect:i.;,_; !os.s by c1 de:ffy' cau:.:ed by a c~v;nge j;; a hig~; fr.::-quer:cy e!.::-ctrie: fi-ekJ by a 

dipo;e -::h3t prcvides c;1e:e-:t1·ic proper-::ies, er a curren-:: in ::1hase wi-::h th-2 e:e,:ti·i,: tie!d f;ows elnd c,:1i~:ver-::s -2;ec-::ror:13gn-2tic w~ve o;:pergy mto he:3t, By suppressmg -::he 

gt::1ernti;..1:1 Gf thP- el~e::i:; fi-ekJ :n ~h~ :~die 'N~,,.~ 1rr.1,1e:fng 1Nhi:e QHP.:n;'.':'~e!y :~pe8~:r:g ·:he :118gr:P.·::c :':t:!d 1Nr.1,1e r.1wJ H:e ~!~c:tric DP-:C: w~.,,·~. H:e prop,1g;'.':'~ien e,f :_f;t; 

i-~c;io w~ve genernted frcm ti~:e high fr-2quer:cy ccup;e:- is ::up pressed, ,:y tho:: radic W3'.!0:: frop~: the cuts1de tc th-2 high freq~ency co:..;p!o::1· is s~ppresso::ct Prev-2Pt 

:":l":"iV3!, 

-rhe •-'1"JrPmLlr:k;;;t1Gn app;;ratus a.;_;crxdir:g t.;,_-1 c!:.::i:1116. 

19. :~~c:tifyl:1g the high-frequ-er:ey :~igr:c1l :_;Qr:smiEed bt:t'✓,:"e,e;; lh~ h:gh-frt:q:jer,;,.;y c:;,.1up!~:s, f:_;rth-er C:Jmp::s:;;g po1,,vH g~r:e:·8~:or: mec1:i:~ fr;r g~r:e:·8~:r:g rx:1,,vH. 

-rhe •-'1"JrPmLlr:k;;;t1Gn de,,rice ae:ccrdi:1g tG dc1:rr; "l,. ·,,vhe:e:r; the c•Jrr;rr;unicc1t:•JP dev1e:e ::.: :.:: device. 

Descriptior: 

The ~v,e:.:er:t i:r,,rer:lic:1 rd:.::te.s t.-_-1 a c.;,_1:1v11:)r;ica1k1:1 sy.st.::-m ar:d;; e:orr:rr:un:ca-tior: c1ppara-tLls t~1;;t perforrr; !:.::rge-.;_;apacity d:.::t:.:: .;,_;c;rr;rr;unicc1t:on be1i.-1;eer: :;;f.-Jr:11;;t:on 

devi,:es, mid r.-:cre ::1mtic:.i:ady, to perf.:11·i-:1 c;ata comi~:1~Picatioi~: witho~t 1n-::erforer:co:: vvith other ccrr.rr.ui~:1c3-::icn syst-21~:~:s :..;siPg 3r: o::!ectrostati,: tie!d or an iriduc-::ior: 

e!~Cirle fi-e:fJ be11,,vt:~r: :;;fo;:118:_:Gn devi:;es B..'\C:KG:~OUND o:= ·r H[ iNVEtH!ON 1 1=:e!d Gf thP- !m:t::r::{:r: :"ht: p:~s-er:t ir:'1·~r:n:Jr: relQ:.t:s ,~{: 8 C:J::l::l'.ir:ic,111:Jr: system Qr:d 

ccmmuPicatiori app3ratus fo1· perfori~:11119 coi~:1i~:1~Picatioi\ and el ccrr.mui~:1c3-::icri syst-21~:~: ar:d -:i:,p~:rnunic:3tion 3pp:3i·:3t~s tar performir:g d~tel ccrr.rr.uriic3-::icn wi-::hcut 

:nte:·fe:e:-:ce with o-::he: f .. t:1:-:1:-:un:catit:1: syster:1s :Js:r:g a:-: :r:diKtit:11 r:ia[-!:lf:t:e Tie:c! behvf:er: lnfo:·rr.atit:1: de-../ieer,. 

M;,.1;,e spedFi:;c1Hy, :_f;P. pt·esH1I :r:vH1lior: :·e:r.1tt:s Le Q eot::t::L:n:c~·::or: .syste:11 r.1wJ c1 cGrr:rr::jr:icQ:.IG:1 c1ppQrQtus '~hc111rn:i:~rr:1·: ;'.': :i:gh-frt:q'.ien;,.;y s:gn~: ~r~i:19 8;; P.:e;,.;:_;;,_1:~tr.1n:; 

i:el,J ac an ;;·,,Juced electric tield ::,etwe~;-, icforrnmicn devices 3cranged 3, 3 short dist3nce, ,;1·,d between ;;·,fo1·;·,1,;,;on devices arranged ill a sh-:,;-t d;stacc~. BAGKGRO:Jl·,D 

er T:--:E lN\/ENT:o~.J ·i. F:ek:; of the !:1\..-er:tic:1 The pre:,e11t :r:-../en-:::cr: ::::ates tc ,_-_nn1n1:..1r:if .. atinn Sis-::er.-:r, and CfJ:-:i:-n'.il:icatlo:-: devices t~1:":t t1·a11sr.-:it ~1:gh-t:·eq:..:e:1..-.y r,:g11a!r, 

:)sir:g ;;r; ir:du•_·ed rr.ag;;etic fi-ekJ. c1;;rJ ir: p;;r1:.-_·u!2:r, eff:ci.::-r;t!y t:c1:1:.:mi·t hig~;-fr,equer:cy sig;;a!s ~J>:t,,vee:1 e:o:..;p!-er:.: mo:..;r:1ed on eadi ir:form:.::ticn devi.;_;e. c1;;rJ LlSe e!ect:i.;,_; lie!d 

,_-_n:..1p!l:-:g o:· n13gn::t:c f:e!d eoup!:1:g at a sho~ d:st,v:ce Th:: p:·esent i11ve:-:t:n11 rebt::s -::o a ..-.n11:n1:..1r:if .. :":tinn Sis-::er.-: a:-:c; a CfJ:-:1:-:1Li11:catlo:-: appa:at:J:; tha-:: ca:-: perfon1: 

:c1:·g-2-c~pc1c:ty '~:;'.':r:s;~1:ssi;,.1;; 

Rece;;tly, whe;; m0,_,j;;g d:.::t:.:: ~J-et,,vee:1 sm:.::!! 1nformatior: devices su•:h :.::s .::-xc~1;;r;uir:g d;;ta sue~; as :;71oues ;;r;d m:..;s:c w:t~; a per.s•Jr;a! c•Ji7lpute~. :tis p.;_1:.:sib!.::- tG :..;s,e a 

9enera!-~-Jlirpnse f .. able :;uch a:; ar: .4.V (A:..:difJ v:s:..13!} f .. able fJ:· :": USR (Universa: Ser:3! 8:E} G3bk:. The :Ee cf a \.v:rek:ss ::-:tf:rfo•.-.e i:, increa:;ir:g ::-:ste3d fJf :": 11:e-::hcd :Eir:g a 
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rnediu1Ti sL:c!~i as ~ cor:r:e-:ted dat,3 ,:omm:.ir:i•:~t1on er ,3 i~nernory c~1-c;. fa.cccrdirig to -::he !~tt,;:1~ it is r:ct ri,;:cessury-::c ci~iunge tho;: cor:n-2ctor ar:d rcut-2 the c~;:1le every tim,;: 

dr.1t,1 :.s :_;e1r:s::1:r~ed, wh:ch is C!):!\.'~r:ient fer the user. M;rny :r:fGrr~;r.1tk"Jr1 de·,.r:ce:~ eqL::ppP.d 1,,vith vi:'l;:ous c:e1ble:e.ss c:;._1:·n:·n:_;r:i:;8Lk1;; f:_;n:;·::c:n.s h~v~ ~:s;._1 r.1ppec1:·ed As~ 

;71ethod cf1rnr:.srr;1tting data betwe.::-r; srr:aB devices withcut;; :::::ab!.::-, rad:c; Y11cr,,res t~1;;t tr;;r;srr:i1 ::;;;rJ rece:ve vvire!e:.:s s:gr;a!s :)sir:9 ;;r; :.::r:te:v;a, s:)ch a.s wireless LA~~ 

(Lc!ca: Area i';etwerk} ar:d 8!'.~ettxr::h (regi:,tf:red -:::·ade:na:-;() con1r:1:..:r:icatior: re(J:"f::;e~~ed ~JY IEEE RO:?,! ; , a:,e ur,f:rL Co~1~1:..:r.lcatio~ rrx:tt:C!c:s ha\..-e bfa":ll dev-elcped. 

!:: ci;..idln!"J:"1, Q :;c:t::rr:u:1:c~'~ic:n ;~1~thGd c:e1ned ''L:hrc1-i.'\1ide b;rnd (UWB)", wh:ch hciB bee:1 r.1ttrQ<..:ti::9 e1ae;;:_:rrn in ;ecen1 yt:~:"s, uses r.1 very w:dt: frP-q::e:1cy be1;;d of ::.1 c:H1- h: 

1 G.6 GHz, CFld trnnsr::its !arge-c;;pacity wireless data of 3bcut: GD ~vibps 1n a :.:h0rt dista:v:e. ~"heref-:..ve, a !arge arr:cu:;t c;f da-ta s:)ch as a mov:r;u irr:ag.:: or m:..;s:c d31a fer 

01:e CD can ~£~ ~:,a~sfo:-red at h:gh speed ill o :,htxt time 

·rhe UWU co;~1;~1un:cc1t:or: h;'.':S r.1 !";{:t::rr:u:1:c~'~i{:n dls-:~nc~ !"Jf ~l'"x:ut 1 Orr: frc;rr: lhe :·elr.1ti!"J:1sh:p !"Jf lr,1:1srr:i:~Si{:n pc;we:; ~nd Q sh{:n-:~::ge '.f,:'irel~ss -:..-:c;rr:rr:u:1icQ:.:rrn sys-:et:: 

:::.ich ~s PAN (Pe1·::ona! .4rea Netvvork) is ~ssumect :=er examp:e, ir. !EEE BQ2.15.3, 3 dutu-::ransrr:i::sicn ::ystei~:1 haviPg 3 p:3cket sti·u-:tlil'f: indudir.g ~ prearr:bk h3s beer. 

devl:,ed ar, an af..cesr, co~~:--ol r,ys~err. fc: U\·VB c•,Yn1:":Li11:catio1:. :r. adc:itio~, !nte: Ccrpcrati:Jn is co1:s:de:-l:":g a wi:'c"·der,s 'lN:,ion cf USB (un:'H:1·:rn: Se:-it:! 8:.is), whld: :s 

w:de:y used as a genernl-p:)rpc;se ::;t.::rfa•:e for pers•J:;a! c-:..-1:71puters, ;;s 3 :JWLi applicali-:..'1:;. 

l~ add1t1on, UV'/8 ,:i:::,rr:rr:unic~tic,n 3!k1ws dutu -::ransrr:i::sicn exceedi~g 100 tvlbps wi-::hcut ,:::1,:c:..;py1ng 3 t;·:31~:smiss1on barid of 3. ~ G~z -::o 10.6 G~z, ar.d ,:c,nsidHiPg -::he 

f:ase of l":":akin9 an RF circ:.i:~. 3.1 -•~- A tran:,1:":isslo:": sy:;ten1 :..:si1:g o g GHz U\IVB kx,,v band is a:so active!i de-veloped. 

H~rt:, u:1dt:: lhe H.8d:c L;'.':"'V i:: .Je1pr.1n. th~ e:e;__-::_;:c ·f:e!d s-::P.::g'~h (the slm:1g'~h ef :·cid:c wi:'li/es} e1~ r.1 diste1;;ce ef J ;~1~tt::s fr:J:fl '~he ;e1di!"J equ:prr:e::'~ iB be!ew ;'.': p:·edt:tt::rr:i::ed 

;eve;, that is, :3;:ic,ut the ri,:::1ise kve! foi· ,:::1ti~:er radic ::ystei~:1:: ir. the vi,:ini-::y. V✓i-::h weak r:3d10, the;·,;: is ri,:::1 need t•:::1 obtain :3 rndic st~tion :i,:ense, ar.d tho:: deve!opr::erit ~nd 

:"na11:.itacturin9 costs oftt:e :--adi:J syr,tf:I":": cor. ~£~ :'edurx:c:. The t:bnve"desc:it·--;f:c: ~.:ws cor.--:r.--:unicm:or. f..an ccnf:gu:,e a :;i10:'t"1·t:11ge vvi:--e:e:,s c:J:n:n:i1:icati:J:": sy:,tf:11: \ri;itt: a 

re!::it:ve!y !cv·,1 e:e-:..-:tr:,: fleld !evd fmm fr1e relat10ns~1:p 0hransrr:::.:sicn pc;wer_ H-:..-1v1ev.::r, i.-1;her: a UVl/8 •:rJmrnLlr:ic;;t1Gn sys·ter:: ::.: ccnf19ured by a r3di-:..'1 wave cc:1v11~i:;1::-;a1ic:1 

Sis-::er.--: that t:a:":Sn1:~s a:":C! :'eceiver, 1·t:dio r,igna:r, Lis:n9 an onten:":cl, it is dlfflcul~ ~c r,:ipp:,esr, tt:e genf:rated eh":c-:::,ic fif:!d -::o s:Jch 3 vveak !evd, 

Mar.y nfthe co:":Ventlo:":al 'Nireler,:; ccrr.rr.unico~:cn syr,tf:l":":S odcot :": :'ad:c f..C!ll:11:un:ct:til!ll syste~1, and prcpa~r:te sl~v:a!s :J:;ing a 1·ad:o~:cn e!ectri: .. ne:d 9e11eroted vvhen 

3 o..:rr.::nt is passed thrc;ugh a:1 an·ter:n::i (;;r;tenr:a). j:; this -:..-:ase, sine>: a rad:•J wave i.s emitted frcrr: the trnnsr::iUer .side reg;;rd!ess c;f whet~1>:r there i.s a c-:..-1:7V7l:)r;icati-:..'1:; 

pa:~~e:, there i:; o p:c\·--;:en1 -::hot It ~Jecor.--:e:, a genf:ratio~ r,o:irce cf an in-::erfe:--er.rx: :'ad:c vva\ff: fo1· a ~ea:tJy cc:n:n:v:icati:Jn sy:,tf:11:. Fur.:her, sinu·~ -::he a1:te11na !"J:": the 

;~ceivt:: side rw;eh.res ;;c:. Grdy :_f;P. deBlrwJ "'vr.11re f:·e:11 ~h~ 1r,1:1srr:iae; but ,1!s;._1 r.1 :~die 'N;'.':'/~ ~::i,d;;g frcr~; ~ diBtr.1w;e, 1·: is t:~sny 8ffoc~ed by ~h~ sL:n-oL:nd:r:g in1e:'fe:·i:1g 

;-~c:io wuves a~d -:~uses a de-:i-o::use ;p rece::1t;c,p serisi-::ivity. F:..i1·tho::1~ \<Vhe~ thei·e are 3 ::1lura:ity of ccr::rr:uriicmicn ::1mti~:ers, it 1s ne-:ess~1-y m pei·fcrr:: c,:::1P~:p!:cated set-::ing:: 

in ordH tG se!H;-: 8 d~sit·ed cGrr:m:j::icQ:.IG:1 pci:·'~::e:· 1=:J: exQr~;p!e, '✓,the;; ,1 p!u;e1Vily ;__1f Bt:ls ef 1Ni:P.:eBs devi:;eB pe:forr~; wi;e:P.ss c:Jmm::ni-:..-:r.1n:J:: i:1 ,1 ::f!:n:"'v m:1ge, 1·: is 

r:e-:..-:ess::iry to perform c-:..1:1v71:)r;icati-:..1:; by p.::rfor:1i;:;g div1sicn :71u!tip:exir:g .such a.s fr>:qLlency selecticn 1r1 ordertc ;;void :71utua! i:1t.::rfer.::r;e:e. ;r; additi•J:;, s:r;e:e rad:c; 

wt:ver, car.n:Jt cn11:n1:.i~ict:te w~1f:ll -::he!:" ~")l!!a:--:zatio1: d:rectil!l":S a:e l!l'"!~109l!lla:, it :s :":ecer,:rn:--y fer the ante~r.a:; tn hav-e ~he :rnn1e p:J!arizatl:J:": d::--ectl:J:": be~Wf:en ~he 

F•:::11· examp;e, vvher. ,:c,nsidHiPg 3 ,:i:::,ptuc-:::ess data -:oiT:IT::J~ic~tion sys-::er:: at~ des-:: dist:31~:ce cf so::vera! IT:i:!ii~:10::ters -::o so::vera! centimo::to::rs, the t1·~nsr::itter / receiver is 

strcr.r-1!y C!"J:ip!ed at:"! sher.: dl:,t:":llCe, \/'fhi:e 3 :,igna! is ~:--or.r,:"nitt(:d -::o 3 !l!llg di:,t:":1:ce t!"J :"!VCid inte:--fe:'e~Cf: 1Nith l!tt:e:' sy:;ten1sc :tis prefo:"a~J!e r.ct t!"J a1Tive. :1: addltlO:":, it is 

desira~Jle ·th311he dev:•:es th::it perfc;r:71 data c-:..1:7v71:)r;icati-:..1:; do net d.::per:d -:..1:1 each Gther's pGst:..;re (crie:;tat1Gn) w~;en they are bcught e::cs.:: to eadi o·ther, ar:d th::it t~;ey 

:":re ccuo:ed. t~1:":t is, hffH: 110 directivity. :r. adc:itio~, in crde: t:J pe:'f•,X:"n !a:--ge-ct:pacity dma co:"nl":":Lill:catio1:, It is de:,irab:e t~1:":t b:\1adband co~1~1:..:r.icatio~ i:; pos:,ible. 

T~1f: wi:"f:!esr, co~1~1:..:r.lcatio~ l:":cJ:..:de:, a c:J:"n:"n:i1:icatl:J:": 11:e-::hcd :Ei~g a:": e:e: .. t:-:J:;tatic fif:!d or an ind:.icti:J:": ne:d i1: oddltio1: to ~he :-adio wt:ve : .. l!ll:11:U~ict:tinn ur,i1:g -::he 

r;;diated e!ec1ric f;e!d. f-'.Gr exa:11ple. ::; ar: existi:19 n0n-c-:..1:1t;;ct ccrr:rr:u:1:e:aticn :.:yste:71 mainly :..;sed fc;r RF!D (F--'.;;dio Heq:)ency !Den·tiftc::it:c;n}, a:1 e!ectri-:..-: lie!d •:GLlp:i:19 

:"nethod er an elect:c:na~me-:::c i1:d:.icticn l":":ethod I:, app!:f:rL The static f:!ec~r:c f:eld and the lndLic-:::or. f:!ectr:c f:eld a:"f: in'lN:;ely p1\!po:'tin11a! t:J tt:e cut·--;f: of the di:;tance 

;'.':tKi :_f;t; squQr~ !"Jf lhe d:s1,1:1ce with ;e:~pec:t t;._1 ~f;t; dis~e1;;ce from the WJ::t·ce, :P.specth1e:y, so 'd~cit th~ e:e;__-::_;:c ·f:e!d s-::P.::g'~h (rnd:o wcive s~:·e:1g:.f;) r.11 ~ di:~tr.1w;e of:?, me·:et·s 

trom -::he ;·:3d10 equiprr:e~-:: is be:cw a predo::terP-:ined ;eve;. iJ\lea~ wire;ess is pcssib!e, 3r,d tho::re is PD ~eed to obrniri u radic ::tutio~ !ice~se. fa.!sc, in -::his type ,:::if conrnct!ess 

CG:f1:f1:jni-:..-:r.1ti!"J:1 sys'~err:, thP- '~:;'.':ns;~1:ssi-:..1;; si9ne1! ~'c:e::ue1~es steeply e1ccot·din9 :.o the C:i:~tr.1w;e. ThP.:P.fo:P., i.'\1hen :_f;t::P. is r:G ce:11:11u;;l:;8lie:1 p,1:tr:P.: in th~ 1ridni'~Y. ;'.': 

•:GLlp!i:;g re:a1i-:..1:1:.:hip d•J>:s net -:..1•:e::..;r, so that -:..1t~1.::r c0mm:..;n:•:atior: .syste:11.s are n-:..1t d:s·tLlrbed. ;:-1...:rt~;er. even ·,,vhen r;;di0 v•mve.s arrive fr-:..1:11 a dist::;:;ce, t~1e ccupler 

(: .. l!up:e:) def::; ~c~ rerx:ive 1·ad:o wave:;, r,o that:~ i:, 110-:: ~e: .. essa:-ytn :--ecf:ive i1:te:'ference frc:n l!tt:e:, ccrr.rr.unico~:cn :;ystf::"nS, Ir. ot~1er 1Nc:dr,, :t ct:1: be :,a:d that 

cc:1t::i•:t!ess / :Atrn-shcrt-r3nge e:ommun:•:atior: LY{ electric: field ccupl1r1g u.s1r1g a:1 1r1d:..;ced e:e-:..-:tr:c ·f:eld Gr ar: electr0s1a1i-:..-: lie:d :s su:t;;b!e fer re::il1zi:19 we::i~ w:rdes.s. 

A ccn1a-:..-:tless :Atrn-shcrt-r3nge e:ommun:•:atior: .syste:11 ~;as s.::vera! adv::;:;taues •J•Ier a :;c;r:7m! w:re!es.s ccr::r::u:1:ca-ticn :.:yste:71_ For example, whe:; Y'iireless signals 3re 

f:xc~1:":1:ged ~Jf:tween de'lices that are :--ebtive!i d:st,v:t f::J:n each ott:e:: thf: q:.ioEti ot sl~v:als i1: the wi:,e:e:,s Sf:ction win dfa'::,eosf: depending en t~1f: p:--esf::":Ce cf 

surrcu:vJ1r1g reflectGrs and t~;e, expansi-:..1:1 Gf the c-:..1:7V7l:)r;icati•J:; dista:v:e. rheref•Jre, there 1s tw depender;e:e -:..1:1 the surrcu:vJ1ng e:r,,riror:r::e:1t, and ~;1uh qu::ility 

~;e1;;smisBl!"J:1 "'vllh ;'.': low e:n:r rn1e Is peBsib!e using r.1 high :_;Qr:smis:~i:J:: rnte ,.'\:so, :n ·:he u:trQ shen-:~nge c:JmmL:n:c,1!10:: Bys1e:11, lhet·e ::~ ::{: tl1e:11 fo:· :_;r:,1:J:hot·il.HJ 

devi-:..-:es le :r;tere:ep1 tran.srr;iss:c;r; d3ta, and it :s net :1>:e:es.sary tc -:..-:c;r;sider pr.::ve:1t:•JP of hac~ing ::;:;d er:s:)r:r;u ccnf;den·tial:ty on the trnnsr::i.ssion p;;t~;. 

F:..il"tho::1~ iri rndic wave cornrn:..;ni-:atio~, sir.co:: the aritePna r.eo::ds tc h~ve ~ sizo:: th3-:: is abot.:t crio::"ha:f er crio::-fou1-ti~: of the wmre;eng-::h ;, :..ised, the app~rntus irio::vitab!y 

:nu·ec1Bt:s i:1 sil.~. Dr: lhe ether h,1:1d, :_f;t::P. is WJ such :estric~:cr: :n the u!'~:~ sf;cr~-;e1;;gf: c:;__1:11;~1:_;r:i:;fcti-:..1;; syB:.Hr: ::s:;;g ~n :;;dw;ed t:!ec:trk-: Fie:d o; r.1n e!eclrcs-:~h": r:t:!d. 

f-'.•Jr exa:11ple. LY{ formir:g ::i e:0mmun:•:atior: ::;:)xi!i;;ry bcdy set::; Y1dH.:h R~!D tag.s are pc.s1t10ned tie tweer; a pk:r;;!i·ty •A •:rxnrnLlr:i-:..-:at1Gn auxi:i::iry bodie:.:, a:vj arranging 

Ri=!D rngs attuched t•:::1 a p!u;·:31i-::y of ::1;·,:::1duc-::s s,:::1 as tc ;:1e saridwici~:ed between tho:: cor::r::t.:riicmicr. ~uxi!imy bcdies, R;=!D There ha:: beeri proposed un Ri=!D mg ::ystei~:1 

~f;r,1t f::!8blt:s s~e1b!P. t·ecid:r:g / writi:1g Gf i::fo:m~'~i{:n ~1re:1 whe:1 tr.1gs ci;e G1rede1ppP.d (se~. fot· ex,1mp:e, P8lf:::'~ Docu:11~r:t ·i }. 

j:; additi-:..1:1 tG the apparatus rr:::i:r; bcdy ar:d ::i rr;c;un·ting :71>:ans fer :11-:..1:)r;t1r1g the apparntus rr;air: b-:..1dy en t~k body, the anter:na •:rJi: ::;:;d the d::it;; e:or::r::un:ca-tion :11.::ans 

tor performing d~tu ccrr:rr:ui~:1c3-::icn with :31~: extei·ri~I ccrr:rr:ui~:1c3-::icn c:evi-:e-::hro:..;gh ti~:e 3r,terii~:u cci! in 3 i~:on-ccnta,:t rr:an~er. A c:ata comi-:7:..iPicatioi~: device using ari 

:nd::cti-:..1;; rr:,1g::etic fje!d In "'vf;ld~ e1;; ~::,~en:1Q coi! r.1wJ C:c1tc1 c:Jmm::ni-:..-:r.111:J:: rr:eQr:s ci:·e r.1rrQngeC: :r: ~:: ;__1u~er c~se prG1rided ::: the upper pe1;1 ;__1fthe rJe,,1:ce b;._1;._iy hciB been 

::11·,:::1posed (see, for e:<3r::p!e, P3-::ent Occ:..iP~:en-:: 2:i. 

1;·, addition, 3n ,;i-,tenca coii fer d31'3 co0101cnicatioc with an e:cercal riev;ce is 1T:ouc,ed ,:,;-, a 01emo;·y card ;i-,serted i;·,,,:, the pc0rnble icior01micn device, 3'1d ac RFID 

QrJIP-::nci cG:: ::~ dispGseC: ;__1u~:~ide the rr:P.mot·y c,1:d insH~:Gr: sk1~ of :_f;t; rx:t·1,1b!e lnfo:r~;,1!10:: devic:e. A pmposci: h~s bt:e:: :11e1dt: o:: e1 r~;Gbi:e phG:1e hQ1rin9 r.1n m=m '~hflt 

::ecure:: a c,:::11~:11~:1unicati•:::11~: distari-:e w1tho:.i-:: irr:p:31r1ng pcrrnbi!1ty (seo::, for exump:e, Pate~-:: DocumePt 3) . 

.4 ,:i:::,pveriti•:::1Pa! RF!D system :..isir.g ~P e!e-:t1·,:::1static fio::!d er ari 1ndt.:cti•:::1P e!e-:t1·1c tie!d uses a !cvv treq:..;en,:y siqna:, and thei·efoi·e has~ !ow comrn:..;r.i-:utio~ s::1eed aric: is 

;;Gt sL:itcib:P. frJ: ;'.': !Qrgt: ;'.':t::eu:1~ Gf (fal,1 '~:~ns;~1:ssk1:1. !:11he c~se Gf r.1 cerr::11u;;lc;'.':Lie:1 r~;t:lh!°Jd uBlng f!:1 lwbctio;; m~gne~:c fje!d by e1;; ,1::'~en:1Q / cG::, if lhet·e ::~ ;'.': rr:e~e1: 

;:,lace en ,:·,e bac~ ot ,he coil, co0101ucicut1on Col":not be perfo·meri, and a :3,ge are3 is reqci 0ed on ,he ;:,:ane o;·, wh;ch ,he mil is arranged. There o;·e also ;1T:pleme;·,t,;t1on 

issuf:S, Fur~he:, -::he !oss I:": the ~:--or.r,:"nissl:J:": pmh I:, !orge, a~d thf: s:r.ina! t:,ansrr.i:;s:cn f:ffkie:":cy is ~ct [-!!"J!"Jd. 

O;; lhe ethe; f;,1:1d, :_f;t; pt·eser:t i::\1H1IG:s '~:~ns;~1::. ,1 higf;-f;equP.::c:y si9;;r,1! by P.:e;__-::_;:c fje!d <.XJ::p!:;;g, 1hc1~ :s, :~upet· '~:;'.':ns;~1:ssi-:..1;; tha: ·::~::s:11::.:~ lhe cibove UWE 

,:omm:.ir.i,:ut1on siqna: u::ing e;ec-::ric f:e!d c,:::1:..ip!:r.g i?/ ari e!ectrcst~tic tiek: or ar. ii~:c:uc-::icn o::!ectric tie:d, or magnetic tie!d co:..;pliPg by an irid:..ictio~ m:3gpe-::ic f:e!d. Vije 
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requi:"f: a license as a :":":c:io stat:01:. :r. thf: UV'J:1 con1r:1:..:r.if..atior: r,ys~err. '.~s-:r:g a:~: e:ect1·0:;tatic fif:!d or an i11d:..:cti~v: fiekJ, the p:e:;en'.: inv-er:~crs f..C!llSirk:1· tt:at a !a:-~v: 

;::rr:G:j:(~ c:f tfa~e1 s:jch r.1s 8 ;~1ov:ng :rr:,1ge ;__1; ;~1:_;sic d;::tr.1 fGr !"J:1e C:D c:e1;; be LninBfHr~d :n e1 shc:t·1 ·::me. 

JP 2DClf:,-602UJ !\ .JP 20G4-214H?9 f'... ,JP 2005-18671 A 

lr: radio ccrr:rr:uriiccr:::cr. ::ystei~n:: :.JSii~:q rad:c f;e!ds th~t rudiate -::!ectr:c fie:ds, radio ::igr.a!:: cari be prcpag~ted tar 3Vi?J.'f, b: .. r:: iri 1·ud:o frequepcy ;-~c;io comm~Picati-:F: 

sys-:et::s, :j::inte;;df:d n~d:o wcives ;..-:r.1:1 inte;fo:·e '✓,.iith o:.f;H :wh: Byste:·m;, c1:1d pe:iphe;;::j infr:t·::1;'.':lie:1 (fovicP.s C:c:n:n:u:1:e;'.':'~ic:n ;~1r.1y be hir:de;ed by •.:\~(~et·::8l b:et·fP-re::ce 

r:.::di.;.:i waves. If Q radic ·,uave abscrber :s p!a•:ed i:1 the v:ci::ity Gf the CFlt>:Pna cf1he wireless d.::-vi,:.::.::-, u:v;e:::::es:.:ary rad:fJ Y11aves ca:: be blocked. L"l:)t the de.sired rad:•J wave 

'.:hat prcot:gates thf: desi:"fa! si[-!:I:":! :;, a!sc absorbed a1:d ccrr.rr.:J:-:ica'.:iGn car:r.ct ~Jf: perton1:e6 

O:: the Gther hc1:1d, in tf;t; C8-St:' of ;'.':r, ~!ectt·ic DP-kl ;.,-:Gup!ing :.ype :1or:-eor:18ct CGrflrfl:jr:i;.,-:r.1tk'Jr1 sys'~en: :r: wh:ch 8 cGrr:rn:j::ic;:::.IGr1 di.s:.;::ri:;e :s :i:11::.~d l!'J 8 .shGr:. dis18tK':t:' 

:.::nd c0Llp!ed by QP e!e•:tr•Jstatic f;dd er a:1 1nd:..;cti•J:; e:e;.,-:tr:c ·f:e!d, er a :71Qgnetic ne!d oJup!:ng type :vJr;-e:or:1act •:rxnmLlr:k-:at10n systerr: ;.,-:oup!ed ~Yf a:1 1nduct:•JP magr:et:c 

f:ek!, a cnupH:19 e:ef .. t:"fJdf: A!terno'.::vf:!y, :f '.:he en:: is :det:!!y desi[-!:lf:d, [-!f:1:e:,m:cr. of '.~1:necf::;sory 1·t:t!io 'Naw::, con~£~ suo~-J:Y:ssed and rerx:ption cf es:ten1a: :-adin waver, 

•:ar: be preve:;t.::-d. /!-,s des:::::ribed above, hig~;-speed da-ta 1rnn.srr;1ssi•J:; :::::cr:s:derir:g ;.,-:onfldentiQ!i·ty •:an be r.::-a!:z.::-d by a very sh;.,vt-rang.::- :::::crr:rr.u:1:ca-ticn :.:yste:71 that 

ti·::v:smirn ~P UV✓B comrr:L:ni,:mior: sign:.::! ~sir:g ~P e!e-:t1·,:1static fio::!d, i?/ 3 weak e:e,:ti·i,: tie!d ti~:elt does PDt reqL:ire el :i,:ense ~s 3 r:3d10 stati-:F:. 

Howf:Ve:", :r: o:-actice, it :s t!ifflcu!t to desi~v: a hi9h-f1·fa:uer.cy ci:"f .. '.~it sc a:; '.:O CfJ:n~-J!e'.:e:y s:..:pp:-e:;s '.:he :":":t!imed f:!ectr:c f:e!d, and ev-er: a con1n1:..:r.if .. ation rk:\..-:cf: l!rig:r.a!:y 

desiff1>:d ·t0 be an e!.::-ctrie: fiekJ ccupi1ng type m:.::y n0·t be Qb!e le dde:::::t rr:i:vJr rr;1sma1c~1>:s in t~;e circ:)1t 0rfr1e gr;.,"l~F;d. -rhere 1s a pr•Jb!err: that :)r;nece:.:s:.::ry rQdi0 'h'ave.s 

~re oscd!:.::ted 01· 1·0::ceived by a flcvvir:g UilTO::nt or '.:he !ike. ;=or ex<F:1::1!e, ~ssL:rr.ii~:q thm '.:he iPp:J'.: pc'.<ver '.:O '.:he -:oup:er is 100, a sit~elt1on in whi,:h 3 ratio of 1 a is mdi3'.:ed ~s 

;'.': :·cid:G wcr..'e ::~ ;'.':!so eor:cel1rc1b:t:. /-\s desu·ibed ,1bove, '~he ;;::di:J 'Nr.11re gt:riernted by the rndi;'.':'~ed ~!ec:tric DP-:d p;;.,"lpr.lfJff:es fe1;1he; th;::ri ·:he .s:.;:::.le el~e:ri:; field ;'.':tKi :_f;t; 

induced e:ecceic field, so ,h3t the 1nbence en the extwn,;I el~ct1·,:,nic d~vic~ and th~ int:ue•·,ce en the e>:ten,;I el~ctronic device are l,;1·ge. 

The pi·e::er:'.: imrer.ticn has tio::en rr:,3do;: ir: view of s:..;ch el '.:echnic3! ::1i·,:1!:1!em, ~nd its i~:1elin pui·po::e is to sL:it,3;:1!y transP-:it a hiqh-freq:.ien,:y sigPa: between 1ntorrr:atior: 

devi:;e.s ,1rr,1r1ged ;::t ,1 sho;t d:s1,1::c:e by ~r~ir1g ci;; P.:e;.,-::_;;.,"l.str.1ne fie:fJ or ;'.':n :r:d:jced P.!ect:·ic fleki /\;; P.x;.,-:t:!:e:1t cGrnrfl:j::k-:r.1tk'Jr1 sys'~en: e1;;d :;c:n:n:u:1ie;'.':'~ien r.1pp~t·;'.':'~::s 

c3;:,,;ble of suirnbly trnnsmitting a hig:·,.f•·equency sig;-,ul us•ng an •nduc~d magnetic tield be,ween infcrrnation ,Jev•ces ;;;-c;;;-,qed at;; sher: dist;;nce 3•·~ provid~•:!. i, is in. 

A fortt:er objef .. t l!f the pre:,ent :r.-../en'.::cr. is '.:O prc-../ide an excf:!!ent Cl!ll:11::Jr:ict:tinn SiS'.:err: ct:pab:e l!f efflcif:1:t!y tran:,1:-:itting a high-freqtx::-:cy :;igr:a! betv,;r:£:1: ccuo:e:,s 

mcunted Gil ea•:h infcrrr:alk"l:1 dev:ce a:vj en:.::b!:r;u !arge-capac:ty trnr:s:711ssi;.,"l:; usi:19 e:e;.,-:tr:,: fle!d c0:..;p!::;g 0r m:.::gn.::-t:e: field :::::cup!ing at a she rt dista:;ce, and !1 i:.: tG 

provide 3 -:orr:rr::.ir:ic~tion device. 

A fortt:er objef .. t l!f the pre:,ent :r.-ven'.::cr. is '.:O prev-er:'.: '.:he 9eneratifJ:I nf an dec'.:ros'.:otic fie:d a1:d or. i1:d:.ic'.:iG:1 fie:d, and tc (J:"f:Vent f::<ternol inte:te:,ence while suitab!y 

·trar:s:ntt:r;u:.:: h:gh-freqLlen;.,-:y s:gna: u:.:ing ele:::::tric f;dd <X"l:)p!:r:g •Jr rr;aune1ic ne:d ;.,-:oup:i:19 be·tY11eer1 infcrrr:ati;.,"l:; dev:ces Qrra:;ued at Q shcn di.stQPt:e. ;t 1s a:1 object •A 

'.:he ::1i·o::ser.t ii~:ventioi~: to provide 3r, o:::<cener:'.: coi~:1i~:1unic,3ti•:1i~: sy::tem 3r.d comm:..;r.i•:elt1on ,3p::1elrntus th3t -:an su::1press generation of a r3di:3tion electric fie;ct 

Tt:e prer,f:nt :r:-../entior: ;-1:":s bef:1: n1ade i1: ccn:,ideroticn l!f the abfJVe -de:,c:'ibed ~XO~J!er:1s. The first a:;pect fJf thf: p:,ese:-:t in'H::-:tinn ir, a '.::,ar:s:nissicn c:rcuit '.~1:i'.: '.:hot 

ge•krntes a bigh-frecuency ::ignal fo: ,,c1,,scn:t·t:n9 data, o"d a higb-frequency sig,,al that \:a:i::mits the high-frequency signal as"" e:ecc•e1BCat1c fle:rJ or an •nductici:1 lie:d. 

A. ,ransm•t1~I· with ;; couple1·; 

J\ f;lgh-freqL:e;;cy ;.,-:Gup!er e1;;d ~ t·ec~i,1e; :r:e:ud:r:g ;'.': :·e;.,-:t::v:r:g ci:·c:_;lt :j::i1 the1t r~eeivt:s ci;;d pr:J:;e.sses;:: high-frequ~w;y si9ne1: rP.:;e:·,.red by ·:he f;lgh-frP-q::e:1cy ;.,-:oup!er; 

,:·,e hig:·, frequency ccu;:,:er ot ,he trnnsmi,ter 3nd the rece•ver includes a cou;:,ling dectrode, a res,:,nance uni, far strengthening dectric;;I ccup:1119 betv;een t:·,e ccup:Ing 

f:!ectrcrk::;, !V:t! a radio 1Nav-e ab:,l!ltJe:, d:soosed 1:-: the vic:r.ity of the c0Lip!:n9 e!ectrcrk:. IN:'.:h 

·rranBr"IttIng the bigh-frecue"CY ::ignal by eiectric f:eld cc1•_;plin9 :.1etwee" high-ireq•_;ency coupler:: facing tbe trans,,1•Ccer and the receiver: 

Thi:, is a cor:1r:1:..:r.icatior: :,yste:n charocte:·ized bi '.:he a~)l!Ve. 

Hovve-../e:: ··r,ysterr.·· t:ere refers tfJ a :crf:.a! co:!ectifJ:-: nf a p!:J:":":!i'.:y fJf devif .. es (or f:..:r.ctio1:a! rr.cd:J:es that 1·f:a!:zf: specitic functinns), t:nd each de-../ice o:· f:v:ctior:a! 1:-:l!d:.i:e 

is 1n a :.:ing!e hGLlsi:19. H dce.s no·t rr:atter i.-1;hether ;.,F :1ot U;ereir:after the s:.::rr:e). 

tvlar.y wire;ess ,:omm:.ir.i•:elt1on sys'.:err.s typified by wireless L.4f·~s use 3 radielted ekc'.:ric fie!d '.:h3t i:: ger.ei·:3to;:c; \111ho::n 3 •:LllTO::Pt is ::1~ssed ti~:rough an m1ter:r.,3, sc th~t 

r;'.':dk"l '.f.ff!Vt:s ci;e P-rni'c:ed :·eg;::rd!es.s Gf whe:.f;t:r lhet·e ::~ ~ co;~,r~;uri:c:cit:or: f..1;'.':t"lriet·. :;; ~dditio;;, '~he ;;::di~·:ed e!P.ctt·ic: f':t:!d c1ae;;u,1IP.s g~r:l!y :r: :r:vt:rse p:·epo;ti;.,"l;; tG lhe 

di.stQPt:e frcrr: the an·ter:na, sc t~lQt the s:gna: reaches a re:ative:y fQr dis1atK-:e :.::r:d tie:::::crr:e.s a s;.,"l:)r•:e cf di.st:)rti1ng rad:o waves t;.,"l r;earby c0mm:..;r:i•:ati0r: systems, :.::nd 

'.:he :":1:tenr:a fJ:-: the rerx:ive:· :;ide a:so r,'.~l-:"fJ:V:t!s it. Tt:e recf:~-Jtinn Sf::-:s:'.::vity dec1·ease:, d:.ie tfJ tt:e eftects l!f in'.:erferer:cf:. Ir: r,t:l!rt, :r: thf: rad:c 111/ff',.ff: cor:1r:1unicat:or: 

:.:ysterr;, i1 ::.: diff1c:At t0 rea!:ze vvire!e:.:s C\."l17V7l:)r;icati;.,"l:; !irr:ited to a C\."l17V7l:)nicati•J:; partner al a short dista:;ce. 

Or: the Gther ha:vJ, the •:GrPrPLlr:icQtlfJil sys·terr: a•:e:0rdir:g t•J the pres.::-nt ir:ven·tior: :r;e:!ude:.: 2: 1ran.srr;1tter tha-t ge:1>:rntes a high-frequer;e:y :.:igr:a! s:..;ch as UYV8 for 

'.:rar:s:nitti1:g data t:1:d o :"ef .. e:'lN tt:at :'eceives and prccf:sse:, the hi9t:-frfa:Lier.cy si~v:aL Are fJ(J~-)l!Sed ~JY o :,tt:tic eh":c'.::'ic fif:!d or an ind:..:cf:d e:ef .. t:·ic tie!d 1Nhe:-: they are 

.._-1pp0sed t•J e2:c~1 other :.::ta •:!0se dist:.::n;.,-:.::-, a:vj a hig~; fr>:qLler:cy s:gr;a! i.s trnnsrr.iUed 1n a :1or;-:::::cr:1a;.,-:t rr;anner, 

j:; a cc:1v11:)r;i:::::alk"l:1 sy.st.::-m Llsi:;g this type cf ele:::::tr0s1a1k-: lie!d •Jr ind:..;cti;.,"l:; lie!d, a <X"l:)p!:r:g re!atior:s~;1p dce.s n0·t oco..:r whe:; there::.: no c•Jrr;rr;unicat:•JP p:.::rtner 

r:ea:tJf l:-: additifJ:I, '.:he f:!ectr:c field :,t:·f:1:gths cf thf: inductio1: ek:ict1•ic f:e!d ar:d thf: e!ef .. t:"fJ:,tt:tic Tie:t! are :,tf:ep:y atten:..:ated in inverse ~xopl!rtil!I": '.:O '.:he :;q:.iore a:-:t! the 

•:ube ;.,"lf t~k dista:v:e, respecti,,re:y. -rhat ::.:, a:; unr:e;.,-:essary e:e•:tr:c ·f:e!d is :vJt generated and the e!ectrk-: lie!d does twt reach far, sc that It d0es PGt disturb •Jt~;er 

,:omm:.ir.i•:elt1on sys'.:err.s. F:.irther, evei~: whei~: radic vvaves 3rrivo:: froP-: a distm1ce, the co~p!:r.g o::!ectrcde c;oes n,:1t 1·0::ceive rndi,:1 waves, so '.:hat it 1s not i~:eces::ary tc 

rec:ellre :ri1P-rft:rP-r1ce f;;.,"l:·n GthP-rcc:n:n:u;;fe;'.':'~ien syster~;s_ -n~e;ef;.,"l;e_ w~,1k :·cid:G lh~'~ ck1e:~ rK/~ t·equ:r~ ~ rnd:G s'~;'.':'~ien :i:;e:i:~P. is pGss:b!e, ;::r:d i1 i:~ rK/~ r:ecP.sse1ry·::J 

ccnsider pceven,icn of hack•ng 3nd ensuring confid~nt1a:ity on ,he t 0;;•·,sn-,issIon p3th. In add•t•on, smce •tis;; broadband comrnunicution usmg h•gh-frequency s•gnals 

s:v.h os UWB, it :s pl!SSi~J:e '.:O p!'::·fcrrr: a !arge-ct:pacity cor:1rr:unicat:or. fJVer a v-ery :,htxt t!is'.:anu·~. Fer es:ar:1ple, o !t:1·9e orr:cunt l!f t!ata s:v.h or, a n1ovi1:g :rr:a~v: o:, n1:..:sic 

data for 0ne C:D c;;r; be \rn:i::mi-rted at :1•9h speed i:1 a sh,1:t time Can be ,:;i:,sferred. 

Here, in the high frequei-,cy circuit, a prcp39utIon loss cecum 3cc,:.r,1Ing tc th~ prop3g3ti,:,;-, dist3nce with resp~ct to ,he v;avelength, ,:·,eretore, when t•·;;•·,smiccing,; high 

t:,eq:..:ency :,ignol :;uch a:; UWS, it is r:ef .. f:ssa:y tn suo~-):"f:ss thf: pmpagatifJ:I !osr, s:.if.:Cif:nt!y :nv,;. 

rhHt:fGm, i;; thP- c:;.,"l;~1;~1:_;r:icc1tk"l;; sy.stHr: ;'.':C:\.':Grdlr1g h: the prP.se:1t lri,1e;;:_:rrn. th~ hi9h-frequH1:;y VJ::p!er e,f :.hf: '~r~::s:·n::.ter r.1wJ the r~ceivt:r :r:cludes;:: ms{1ne1;;ce u:1::. ,1r1d 

3n •1T,pedance 013tch•ng unit. :he elec,r1c f1dd ccu;:,:ing is sceengthff,ed by the mute,;! rescn,;nce p,;I'\s, and t:·,e imp~dm,ce •·n,;tching ;:,mt Is co•·,f1gured tc •·n,;tch ,he 

:rr:pedf!:1cP. betv,;P.er: th~ e:e;.,-::_;;.,"ldt:s efthe :_;;::r:smiEer c1:1d thP- t·ec~i,1e;_ ·:h;'.':1 i.s, the cG:jp!i;;g f.>;'.':t"I, ci;;d sL:pp:·e:~s '~he r~f:P.c'~ed 'N;'.':'/~. :r: ;.,"lthH w{:rds, ·:he p;::lr :Jf high 

freq:)ency :::::oup!.::-rs of the tra:1smi·tter :.::nd t~;e rece:ver are e:0:--:ftgured tG operate as a band pa:.:s filter t~;at pas.ses a desired high frequ.::-r;e:y band. 

The irnped,;nce m;;tching u•·,It and the rescn;;•·,ce un•t c3n oe ccnf19;;red by a :umpe,J ccnst,;nt circu•t in which,; seri~s inductor and 3 puralle: induct,:,1· me ccn•·,ec,ed tc 

;:: high-f:·eq:_;t:r1cy si9ne1! lr,1r1sn:i:~si{1n pr.1th. f{:r ex,1rnp:e. Hewever, s:r:ee the !:jmped C!'J::stc1:1t ciru:it d~tt:rrr:ir1es C!'J::stc1:1t:~ SL:cf; ,1s :;;dw/~;'.':r:C~ L c1:1d G;'.':pc1dl8r1ce C br.1sed 

•JP the ;.,-:.::-nter freq:..;e:v:y, impeda:;ce rr.atdiing i:.: not ac~;1ev.::-d ir: a bar:d \."lUt:.:ide the assu:71>:d ce:;t.::r frequer:cy. QPd ·the ;.,"lperati0r: a:.: des:gned i:.: do twt d•J. !r: ether 

\.Vords, :'.: wo1·;(s effectively only ir: a 1:an\!1/'f ~Ja1:d. Porticu!t:1·:y in the hi9t: f1·f:q:.ier.cy band, '.:he :·f::;nnor.rx: freq:.ienf .. y i:, int1ue:-:ced bi '.:he fo-:e str:..:ctwe l!f the lu:nof:d 

cc:i::tant ci•c•JIt 8orti0n a:1d the variation ,1f •r;ductcrs ;;r;d cap;;citors h;;vin9 a srnali value.% that it•:: diffac;_;lt t0 adj'JSt ·the frequency. In add1 ti0n, whe:1 C"e impedance 
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matching par-:: arid the res,:1i~iunce ::1urt ure ccrif;qured with :lynp,;:c; ccnst~Pts, if u srr:,3!; chip 1ndL:ctor is :..;s-2c; as tho;: :r:du,:t•:11·, -::here 1s ,3 loss ;psid-2 the chip :r:du,:tc-1~ ,3rid 

~f;t; prop8Q8~:cr: :c:s:~ behv~P.:: the high frequ~n:;y C!):jp!e;B bec:;._1:·n~s :ci:·ge. :s ~h-Ht:. 

f":.;r~hH, 1Nhe:: the eo::p!~r Is ci;.::c!"J::1::10C:8ted ir1 H:e c,1si:1g Gf lhe dei/ic:e, :,~ iB ~ss:_;r~;wJ 'd':81 the eente:· freq:_;t:n:;y is sf;ff:.HJ dL:e :.o thP- i:1f:t_;f:r1ce cf thP- su;:·eu:1dlr1g rne~e1: 

par-::s. ;=c,r this re~sor:, 1t :s ri,;:cessary tc do;:sign tho;: ccup;er :r: ~.::Jv3r.c,;: sc ~:: to effective:y operate ~ta wic;e freqL:ei~icy. VVher: ,3 p!:.ir3!ity at devices havii~iq a n~i-rcvv band 

Qft:' ;'.':t·r~nged, H:e b;rnd c:f1he H1lire .sys'~err: :s f:jrthP-r ::f!:ro1..vHJ. BG lh~·: i1 ::~ difflc::_;H I!) s:;~1:_;H,1r1eeu.s!y ~r~e 8 p!ur~:i1y Gf hi9h-freq:_;t:r1cy eo::p!-.:T~ in e1 brG8db8tKi 

•:rxnrn~mi.;.;at10n system. 

Th~refore, i;·, the co;·,1;·,1;;1·,ic3tio;·, system 3cc,:.1·d1ng tc the present mve;·,,;on, th~ h:gh-frequrncy couple1· ch3nges ,he coupling elec,,cde and the imped;v,ce rr,3tc:·,1ng 

:_;ni·: ;'.':tKi :_f;t; res;..1:1Qr1:;e ur:il fr;r i::1pe;..far:ee :11e1td:i::9 b~:.i.'\1ee:1 thP- c:;..1up!i::9 e!P.ctt·ode.s fror~; ,1 !u:·np~d cen.s:.r.1n1 :;i:·c:ult tG ;'.': d::~tr:b:J:ed ;..;or:s-:~::,~ c::rcui'~- Ey c:J::figu;:;;g 

ins-::ead, 3 brc:3der bar.d is realized. 

Th~ h:gh-freq;;ency coupl~1· 1s mcu;·,,~d on;; pnnted c;rcu:, bc;;;·d EJS cne of the mcu;·,,;pg ccmp,:,pen,s, s:mil;;1·:y tc;; c:rcu;, p·,odu:e constituting a ccmrr,;;1·,ication c:rcu;, 

:_;ni·: ·:f:81 p:·tK;t:sse:~ ~ h:gh-frt:q:je1i:..;y s:gr:,1! 1hc1t t:·e1;;srni'~s ;_fa:.Q. ::: .such c1 c,1se, lhe d:s1rlb:J:ed ;..x.:r:s-:~n1 c::rcui'~ c:e1;; be c:or:Fig::t·ed QS ;'.': .s:.:_;b :;c:t::pe.st:d c:f 8 ;~1:crGs'~rip nr:f: 

,:,1·" ccpl;;nar w;;vegu;•Je formed on a pr:nted c:rcu;, ::,oard. The;·,, 3 g;-0;;1·,d :s fo;·med on ,he ,:.,:·,er surface of the printed c:rcu;, board, ;;pd ,he ti;:, por,;on ci ,he stub may 

~£~ ccn:~:ee-::ed tc t~1e gro:..:r.d t~1:"!°J'.igh 3 th:"G:J9h hole in-::he ~x:1:ted ci:"Giit bca:-d. Tt:e stu\·--; has a !e~gth appl\!Xirr.at::!y ht:!f nfthe wave:eng-::h cf th:: used fre,:;'.iency, Then, 

fr:e •:oup:i:19 e:e.;.;t~,:.1d.::- may be di.spGsed ;;ta pcs:t:fJn sutistan·tiaUy at the e:ente: •A t~1>: st:..;b t~1;;t 1s the rr;axi:11u;71 arnp:itud.::- posit:•JP 0hhe .st;;r;di::g ·Nav.::-. 

The u::-up!ing e!ectrcde G3r. ;:1,;: ccnfigured as u ccnd;_jctor p3-::-::er~ de::11:::,si-::ed ,:::1P the S;_j1·fa,:::e cf 3 ::pacer m~c;e of an msLd~t•:::11·. The spacer;::; 3 circui-:: coi~n:x,pe~-:: that is 

:;:..1rfaee- rr.c:v:tf:d o~ th:: p:,in-::ed :..irc:..1it b:Ja1·d. 1Nher. t~1f: spr:!!" .. er is :no'.il:ted en t~1f: pri~-::ed ,:,i:\---::..:it ~Joa re!, the conduct:J:" ~~Jattf:rl: ot -::he : .. t!lip!in9 elect:-cd:: is !oca-::ed 

;:,:pp:c:::irn;:,:te!y ;:,:t the •:e::ter cf the s·tLlb 1hrcu9~; the throuff1 hG!e :r; the spae:er. C:.;.1:v;ected t,:.1 pGsilic:1_ F:..;rther, by u:.:ing CFl insulator hav:r;u;:,: ~1:gh dielectric •:Gnst;:,:nt ;:i:.:;:,: 

so acer, tt:e :e:19tt: nf the r,t:J~) eor. ~Jf: n1ode :;ho rte:, thar. a ha:f 'Naw:deng-::h du:: tn -::he 11Vcl'H:!e~gth :,htxtf:ni~g ::ffect. 

Hovve-../e:: it is diF::cu:-:: -::c : .. 01:~:p!e-::eli suo~xf:ss th:: radiated e!ectri: .. ne:d :1: -::he df:sigr. of t:1: octua: hi[-1h-freq'.iency circuit, or.d e:en a ccrr.rr.:v:ieo-::icn c:evi•.-.e origint:!ly 

de.s1uned ;;s ;:,:n dectric ne:d ,:.;oup!ing type ;;s de.scribed ::;~Jove ;71;;y h::ive ::i s!iff1t ;711s::1;:,:1c~1 1n the ,._-ire::..;it ,:.v :r; ·the 9~,:.1~i;;d_ -rhe:e 1s c1 pr•Jb!e::1 that :)r;nece:.:s;:,:ry r;;di0 

wt:ver, a:,e cr,cifa1ted nr received ~Jy-::he GilTf:nt tlo'Ning -::hrourt1 tt:e, 

rhHt:fcm, i;; thP- c:;..1;~-,;~1:_;r:icc1tk1;; sy.stt:rr: ;'.':c:;..;crdlr1g h: the prP.se:1t ln,1e;;:_:rrn. when th~ high frequP.::c:y !";{:L:plHs of'~he t:·e1;;w;ei'..1et· me cGup:ed by e1;; P.:e;..;:_;;_1:~tr.1n:; field ot· 

;:,:n :ndLlcti,:.111 lie:d, a r.:a9:1>:t1c k1:.:s r.:ate:i;;! is d1spcs.::-d ir: 1~1>: ,_,i,:.;1nity •A t~;e ccupling electrode. 

l-:: is effoc-::ive to :..1se u radio W3Ve 3bs,:::11·0,;:r to st.:ppi·ess 3 ;-~c;ia-::icn ,;:!ectric fie:d th:3t propag3tes for m111:3y and has :3 large ii~if;uer.c,;: be-::w,;:en ekc-::ronic devi,:es. V'/ho;:n -::he 

r;'.':di;..1 '..f.ff!Vt: d:.sorbH is ;..;cnside;ed ~s Q distributed :;on.ste1;;t eit·cu::. r.1t ~ high fmq:je1i;_;y, :_f;t; di.st;ibutwJ se;:t:s re.s:s-:~::c:e r< (0 / :·n} e1;;d lhe d:s1rlb:J:ed pQrQ!!e! 

cc:vJue:·ta::ce G (S / 111) play ::i ro!e cf a~J:.:rxbi::g er;eruy_ He~e, the d1s·tribu1ed series resist::;;;ce R 0Jr~esp0::ds t•J µ '' repre.sen·ti::g t~1>: i::1;:,:~F;ary pc1:1 cf the e:o::1p!ex 

pwrr.et:biHty, and the di:,t1·ibuted pa:"a:!e! : .. t!nd:..:ctance G is tt:e su:n of~·, reprer,f:nti~g th:: in1ogi:1t:1y pa:--:: cf the con1p:ex per~it-::h/ity and the C!"J:~:c!uc-::ivity c divided by thf: 

ang:..;!a: freq:)ency r;J. ~-hat :s. :t c0rrespc:1d:.: ·to s ·' 7 u / r;J. rhe e:e.;.;t~,:.1;71;;gnetic 'N3'!>: abs•J~~J>:r is c•Jrr;pGsed •A;; rnagr:et:c :cs:.: rnateria! hav:r;u;:,: c•Jrr;p!ex d1e:e,_·t~:c 

constant :-.i ", 3 die:e,:ti·i,::: !ass rna-::eria! havii~iq a coi~n::1lex d1e:e,:ti·i,::: ccr.st~Pt s ", mid 3 ,:c,nd:..;ctivity h~ving u ccnd;_jctivity a de::1,;:ndir.g ,:::1P the tr::3tHiu! cori::tan-:: resp,:::11~1sib!e 

frJr ·:he loss. n,~ !os.s rr:~·:et·if!! c~:: be G:8.ssi·~ed lnl:J '~ht·ee types; thP- t::89:1t:n:; k1:~s ~: ·, :s c:e1:_;sed by ·:he .spir1 re.spcnsiblt: for lhe n:c1g;;t;ll..-:.c11:or: i:: the rr:,1g::eti;..; rn~·:et·if!! 

beii~iq de!:3yed i?/ -::he -:::har.ge 1n -::he ;~i1gh frequepcy i-n~gne-::ic field, and the 1Jie!e-:::t1·1c :cs:: s ,. is -::he die!ectri•: pa:e th~t C3l:S'::S -::he d1e:e,:ti·i,::: proper::y ,:::if ti~ie high freque~cy 

ek:ctrie fl:::d. The cnnduct:J:" :t!SS 0 is caLised ~Jy-::he foct tha-:: o Gir:Y:1:t i~ p~1:":se vvi-::h -::he f:!ectric fie:d flows :":1:d -::he ::1:e:,gy of t~1e ek:ct1·01:~:agnetic 1Nav-e ir, co~Vf:rtfa! i~-::o 

beat 

Here, the rad;,:::1 wave is a w~ve ;p which ari ",;:!ectric tie:d wav,;:'' und 3 •'m:3gpe-::ic f:e!d ~vmre'' :31·,;: sequ,;:ntia:!y-::ra~smitted through the air, mid is a kii~11J at e!e-:::t1·,:::1P~iugneti•: 

'N:":Ve. U:,LiaHy vvher. a e:..:rrer.t i:, pos:,ed -::hro:..:r.ih a ccnd:Jctnr suc~1 as rv: an-::er.na, o :nag1:e-::ic f:e!d i:, ger.e:·atfa! aro:..:r.d t~1f: ccnd'.ictrn: a:~:t! ar. ::!ec-::ric f:e!d i:, ger.e:·tffa! ir. 

conjl:'K,1on w1tb ·the ,11c1gr;e·t:c f1~ld, ;;r;d a ,11c1gr;e·t:c f;eld iB gene,c1,~d by ,"IS electric f1~ld. ft. mag,,et1c field and ;;r, electric fie:d are c1:,~mate:y renea\ed, and ,;;di0 ,v;;veB 

a1Tive :J~~) tt! a re!t:t:ve!y :cn9 distanu·~ (see r-!G. :?7}, The wave of -::he dectric field a:~:t! the wav:: t!f the ~a~v1f:tic fl:::d ir.te:-act !:k:: a c~1:":in and pl\!Geed in -::he t:"a\..-e:i:19 

di:·e;..;:_:rrn {:f'~he 'N;'.':'/t:' wh:!e n:c1:r:tr.1i::in9 r.1r1 {:r·:ho9{:ne1: rf::8tk1;;ship (.s~f: F!G. ~'.B). 

As de.scribed ;;bm,e, si:v_·e the ~::id1G w;;ve :s ;:,:c.;.;ompa::ied by ~J•Jt~; the e!ee:·tric f;dd 'h';;ve ;;r;d ·the :11;;gne·tic f;e!d "'1;a1_te, or:!y o::e •A t~;e w::ives 1s s:)ppressed, a:vJ the cthe: 

wove is :;igr.ifv.an-::!y atten:..:ated, sc tht:t tt:e propa~r:t:nn crv: be r,'.ippressfa!. That :s. t~1f: :'adic vva'H: can~£~ si:n:!ar!y s:..1pprer,:;ed bi a rr.a~v:etic !oss rr.at:::"it:! -::hat rr.a:1:!y 

8b.scrbs ;'.':nd Qt:.H1:j;'.':'~e.s r.1 :;1;'.':9ne:.:c -~ekJ ~::d e1 die!ectr:e !e.ss ::1;'.':1erie1: lh~·: t::fli:1!y c1bwJrbs c1:1d a:1P.::L:c11e:~ ~:: e:P.:/~ric: :':t:!d. 

!:: c1 cGrnrn::nk;r.1tl!°Jr1 .sys'~en: thQ:. pP-rfcr;~1s :!{:n-;..;cnlw/~ c:;..1;~-,;~1:_;r:icc1ti;..1;; by ~!ectt·ic: DP-kl ;..x.:up!ing bP.·:weH1 oppe.slng elH;-:mdes r.1s i:1 :_f;t; pt·e.s~r:t i::\1H1ilo::, t;,1e;; if lhe 

rr;aune1ic bss rr;ateria: :s ;:,:round t~;e ccupling electrode, the rad:•J wave i.s abscrbed by the magr:et:,_· !cs.s material, J\nd the :nd:..;ced e:e.;.;t~:,_· fle!d are r:c1 e;;si!y affected, 

Tt:e:,ettxe. t~1f: n1agr.etic :er,:; n1a-::eria! p!ocfa! near th:: eo:..:p!i1:g ek:ctl\!t!e s:J~~)press:::; -::he ::ffects ot :..:r.n::ces:,a1y rodio 1Nav-es a:~:t! ext:::":!:":! ir.te:-fwence rodio 1Nav-es, and 

a11he sar.:e t:;71e, st;;b!e d::it::i e:0::1::1un:,_·atio:: ,:.;an be perf•J~:11ed by dectric ne:d ,_·oup:i:19 be·tY11een the t:a;;srnitter and t~;e rece:ver ::it;; sher~ di.st;;nce. :t e:;:,:r:. 

f'.... :.:eccnd aspe.;.;t of the pres.::-nt ir:ven·tior: p~.;.Y,,ride.s a tra::s:ntter circuit :)r;i·t ·that ger;erates;; high-freq:)ency sign::;; for trnnsr.:iui:19 data,;; trnnsr.:iue: :r;e::ud:;;g a h:gh­

fre,:;'.iency couph-:r tha-:: -:::,a~s:nit:; the high-freq:..1en: .. y sig1:a: a:; a~ i:~:t!uc-::icn :~nt:gne-::ic fie:d, 

/!-, hi9~1-f~eque::cy ccup!er a::d ::i ree:eiver ir:cludir:g;; rece:,,rir:g ,._-ire::..;i1 u;;1t that rece1ve.s a::d p~,:.1,:.;esse:.:;:,: h:gh-freqLlen.;.;y s:gna: :e.;.;eived by t~;e hiff1-f:eq:)ency coup!.::-r; 

The ;~i1gh-freqt.:ei~icy ,:c,up:er of the trnns~itter :31~11J receiver iri-:::!:..;des a cou::1H~g ,:c,i! arid a rndio wave 3bsc,1·;:1er disp,:::1::ed iri the vici~ity of the c,:::1;_jp!:r.g ,:::oi:, 

Trnnst::iHing thP- higf;-f;eque::c:y si9;;r,1! by eoL:pnng fin :nd::c:1k1;; rr:,1g::etic fle!d bP.lwe~r: high-frequP-r1cy :;oL:plHs foci:1g the 1t·;'.':n.s;~11t:.H ,1r1d the meeivP-r. 

:;~11s i:: a coi~ni~n;_jpicati•:::11~1 sy::tem ch:31-~cterized by tho;: abcve. 

Acc:J:-di:~:g to a :,eccr.d t:spect of tt:e prer,f:1:t i~'H:ntio~, in a :nt:gne-::ic f:e!d coLip!:r.r-1 type : .. t!1:~:1:~:unicatit!1: syste~1 in whid: a tran:,cei-ve:, i~chit!es a eoi! cn:..1p!ed tt! a~ 

lwbc:ti;..1;; rr:,1g::etic fle!d r.1wJ pe;for::1s ;;cn-:;{:ntc1;..;:_ C:J::1::1::nic,1!1:J:: c1t Q shen di.s:.Qr::;e by t::8g:1~ne c:;..1:_;p!:ng, the c:;..1:_;p!:ng cGi: i:~ ~ di~!ec:1ric: !Gss ;~1r.1tt:rl~L :t Is c1:·rnn9~: 

pc,si-::icn,;:1::; ir. the i~side or surfac,;:. :~ thi:: case, similar tc tho;: cas,;: of a nori-con-::act ,:i:::,1T111:unic:3t;c,11 system using ekc-::ric f;,;:!d ccu::1li~g, if the di,;:!ectric bss p~iuteria! is 

8r{:L::1d thP- c:;..1:1, the rndio 1Nr.1,1e Is c1b:~GrbP.d by lhe d:~!ec:tric: kJss r~;r.1tt:ri~!, b:J: ·:he :r:d:jced r~;,1g::e1i;..; Fie!d :s hc1:·dly 8ffoc:ted. hx '~hi.s m~sen, r~die 'N;'.':\1~s f!:·e r.1bs{:t·bed by 

dielectric loss 111::it.::r:a! p!;;ced 11>:ar the c•J:)p!ir:g •:rJi:, b:..;t al the s;:,:r.:e t:rr;e i1 i:.: st;:,:b!.::- dLle t,:.1 ;71ounetic c0:..;p!:;;g bel',,',,'ee:: the tr;;r;s::1i1ter a:vj rece:.,,rer al ::i short dist::;;;ce, 

wt:i!e :,Lippres:,ing -::he f:ffocts cf un:~:ecer,:rn:y :-adit! e~i:,sior.r, and e:::.1eri:a! i:~:tf:1·fNf:1:ee :-adin wt:ver,. Dt:ta ccrr.rr.un:ea-::icn can be perfori:~:erL 

,\c:;..;crdlr1g h: th~ prP.se;;:_ lr1ve;;:.IGr1, ~!ectt·ic: DP-kl ;..x.:up!:ng Is ge;;t;ra:ed i;; thP- high fmq:je1i;_;y bc1:1d be'~wet:r1 '~he cG:jp:e;.s Gf thP- '~r;'.':n-ScP.i\1H ,1r1d ep~rntt:s effo;_;:_:ve!y in Q 

w:de ba:vJ, and a :a:ge-capac:tytrar:s;71:ssi.;.1:1 is a•_·hieved by for;7.,:r1g an e!ectrk; lie:d •:rJup:i:19 trnnsr.:i.ssior: !:ne er c1 rr;agnetk; lie:d •:rJup:i:19 trnnsr.:i.ssior: !:ne that :s 

resistan-:: -::o n:Jisec .4.r. :::<cr:d!e~-:: C!"J:~n:~:l'.il:icati•.Y: sy:;tern or.d ,.-.nn1n1:..1~i: .. ation ao~~J:":ratLis that can be pl\!Virk:d eor. ~£~ pro'lided_ Th:: in1ped,v:ce rr.atct:ing pa:·t !V:t! the 

~.::-s0::an.;.;e pan cf the ~;1gh-freque;;cy ,:.;oup:e: ,:.;an be •:rJnflgured as c1 patten; 0:: the prin·ted c:rcLlit bc::i~d t~;at is;; distributed ccr:st::ir;t e:ircu:t, ·th;:,:t i.s, a :.:tub. ::;;;rJ can 

,:::1pera-::e S;_jltab:y in 3 wide band. 
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,·nounted en each ,nfo1T,·,ut1on device und en,;bling lacge·Coi:•uc:ty ,1·,;i-,s:o1issioc using e:ecceic field co;;plicg o,· ,·,1,;gne,ic f1eid coupling ilt a 3:·,,:.1·t d1srncce. le 3dd1t1on, _ 

cc:·n:·nur:i:;81i;J:1 rfov:cf: c:e1;; be p:'twided 

fv.:ccrdi:19 to the pre:.:er:t i:1-,,rer:tic:1, it i.s p0ss:b!e le p~-event -e!ec1rorr:affldlt: v·-t'ose.s emitted frcrr: t~V:- transmitter frcrr: ::idvers-e!y ::iffe,:.::t:r;u ether -e!ec1ror:i.;_; dev:ces ~Yf 

:::.ippres::ing th-2 exci~:unge of ;_jpnece::s3rf 1·~1Jio wu.ves, and to 1xev-2Pt rna:f:..;r.ct;c,p d:..;e t•:1 exterr.,3; ir:-::erteren,:,;: radic W3Y'::S. 

O-::her ct·--;_:ec-::s, fea:::..1:--es, ar:d advor.ta~v:s cf-::he ~Xf:sent ::~:ventl•,Y: \ri;I:! beco1·-r:e oppa:-::1:t fro1·-r: 1i-:o:·e deta:!ed rk:scr:pticn based l!ll err.b:Jd:1·-r:en-::s :Jf thf: p:,ese:":t in'H::":t:n11 

desoit.1.::-d later a;;d the a•:e:ompanyir:g .;lawing:.:. 

The pi·e::er:-:: iriver:tieri 1·,;:!3-::es t•:1 a conFff.iPicatiori syst"::IT: th3-:: pei·fcrms dutu -::ransmi::s:en l:,etwe,;:p ir:fcrm3tieri 1Jevi-:es u::ing e;ec-::r:c f;,;:!d CG;__ip!:r:g ,:if ~n electrosta-:::c 

-~ekJ !): ~r: :;;du:/~ien ~!ec:1ric: Fie:d. A;_-:<.xJ:dir:9 t;._1 r.1 :;c:n:n:u:1:c;'.':'~ic:n ;~1t:th:Jd bc1.st:d c:r: ;::r: e!ectrosl,1ilc ~~!d c:r c1:1 l:Kbc:ed e!ectr:c -~ekt 1,,vhP-:1 H:e;e is 1K1 c:Jmm::r:ic,111:Jr: 

par-::r:er ri,;:urby, there i:: r:c ,:m1p!:ng 1·,;:!a-::icr:ship and PO r3dio waves ,3re em:-::-::ed, so -::h,3t otho;:r comrr:L:ni-:atior: systems are not d1s-:::.irbed. Furti~:er, even wheri 1·~dio ~vmre:: 

3rr:'H: fl\!I:": a di:,ta11ce, the C!"J::p!er dee:; no-:: rerx:ive 1·t:dio wave:,, 80 that:-:: i:, not r:e:..f:ssa:ytn :--ece:ve :1:te:,forence frc:n ott:e:, ccrr:rr.un:ca-:::cn :;y3te:":I:;". 

j;; thP- c:;_1;;ver:1k1;;r,1! t";'.':dk1 c:Jmm::r:ic,111:Jr: u.sl:1g c1:1 ,1:r:er:ne1, ·:he e!P.ctt·:c: ~':t:!d st;e;;gth of·:he :·e1dl8IP.d e:w/~::c ~~!d i.s i:N~r:~P.:y prGp:J:nG:1;'.':! t;._1 :_f;t; dist;::r:ce, '✓d:e;er.1s i:1 :_f;t; 

induced e:ecceic field, the elect1·,c fold sceecgth ,s inversely propcr,icn3: to ,he d,stance sqcared, 3nd ,i-, ,he s,,;,,c elecce1c field, the eiec,,·,c tield streng,h is inversely 

propcr.::cna; tn -::he Gibe cf the c:istan: .. e, The:efo:e, 3CU!l"ding tc thf: corr:rr:unica-:::or. :w:tt:(!d bar,f:d or: f:;ec-:::--:c f:e!d co:ipHr.r-1, :-:: ir, pns3i~J!e -::c U!1:fig:..:re a v,;eak :--adi:J 

~;avi:19 a r:c::.:e !e,,re! fer ;_1t~1.::r radio .systen:.s in the vic:;;1ty, ar:d :t 1s r:;_1t ;;ee:e.s:.:ary le ;_1~Jt;;1n a !1e:en.se fmm ·the rad:fJ s1a1ic:1 

.4n electrcst3,,,: tield ,:·,at v3,·ies with ti:o1e moy be 1·efec1·ed mas a "qcas1-eiec,,·ostutic field''. le th,s specitic3ti,:,;-,, hcv;eve1; the elect0cs,'3,'C fold is wllec,,vely ceterced tc 

3;, an ''ek:ctl\'!Sta-:::c fo·:!d'', 

C:c:nvP-r:'~ic:ne1: :;c:t::n:u:1:c~'~ic:n :_;sir:g ;::r: e!ectrosl,1ilc ~~kJ c:t· c1:1 l:1d::c:tio;; fje!d uses r.1 k:1,,v-f;equer:c:y si9;;r,1! find Is 1K1t :~ui'~d:!e fer tr;::r:smiEing r.1 :mge r.1rr::J:jr:'~ ef tfate1 O;; 

,he ,:,,her hand, ic the co:o1:o1cnicatioc system ,;cccrding t,:. the pcesen, in,ec,icn, high-cap3c,,y ceacsm,ssicn 1s possible by tc3ns1T,i,ticg" high-freque1·,cy sign GI by 

f:!ectric fizkJ cnup:i:19. Specif:caHf ~JY 3(J~"J;yin9 a ccrr.:n:v:ic3tic:1 1:":ethod !F,i11g a t:igh frzquf::":cy t:1:d 3 vvide ~E:11d, :,Lich a:; ~.:ws cor:1rr:unica-:::or., h: 2k:ict1·:c f:e!d coup!:1:g_ 

:1 i:~ possible t;._1 ;er.1!:l.~ we;::k dc1tc1 r.1wJ !e1;9~ !";;'.':pclcily ;_fa:_;:: cot::t::L:n:<..:~·::{:r:. 

UWB e:omrr:un:•:atior: u:.:es a verJ wide fr.::-quer:cy band of 3.1 GHz ·to 1 CL6 GHz, and ;_-:;;n rea!:ze ~1:gh-capaci·ty ·,,vire!e:.:s data tr;;r;smi.s:.:ior: cf a~Jout 1 LlU Mt.1ps de.spite a 

:;ho:--t d:3ta:1ce_ !n add:-:::cn, ~.:ws corr:rr:unica-:::or. a!!ow:; d3-::3 tran:,11:is8il:1: exceedi:19 1 ao ~;1bo:; \tiJitt:l:Lit occ:J~?/:n9 a t:,ansrr.i:;s:cn ~Ja11d cf 3.'l GHz t:J: O,C, GHz, rv:c: 

cc:1:.:iderin9 t~;e ea.se of rr:ak:ng an r-.;;:. e:ircu:t, J.1-i!._ f\ tr;;r;srr:i.s:.:ior: .sys1e:11 :)sir:9;; 9 GHz UVVB kn-.,1 ~Jarid i.s a:s;._1 ae:·tivdy d.::-vekiped. 

The ~ve:.:er:t i:r,,rer:1crs •:Gnsid.::r that a data tr;;r;smi.s:.:ior: .syste:11 :)sir:9 UW8 kw,., ba;;d is ;_;;;e of effecti,,re i.-1nre:e.ss ccrr::11~i;;1e:2:1ic:1 t.::-e:hr:c!•J91es :r;s·ta:!ed ir: :1wt1:!e 

devi: .. esc r-01· exa:nrfa~_ it is pc:,s:b!e tl: :'eaHze hi9t:-spef:d da-::a trnn:,1:":issio:": :r: a short-d:3ta:1ce area s:..:c~1 as an Li!-:::,a-hi[t1-speed short-:,ange DAr~ {Df:v:rx: Al"f:a f·~etv,;crk} 

indudir:9 a stcra9e dev:•:e. _.O,cc•Jrd:ng to a UW8 •:GrPrPLlr:ic;;t:fJn sys·terr: u.s1ng electric f;dd c;._1:)p!:r:g .such a:.: ar: e!ec1ros1ati;_-: lie!d and an ind:..;cti;._1;; lie!d, d:.::t:.:: 

cemmuPicatiori by~ we~k e!e-:t1·ic fie!1::; :s ::1,:1ssibk 3r:d, for ex,3m::1le, ~ !3rge ~P-:oun-:: of d,3t,3 :::.ich ~s 3 mov:r:g iP~:uge er mu::ic d~t~ for one CD c,3ri be quick!y ar:d qu1ckJy. 

: th:~k it ,;~11 b8 ·:c8c1sfo:rnd w:th. 

f-'.;G. 1 shci.-1;s a •:Gnfjgurati;._1;; exa;71p!e cf a ;;c;n-ccnta;_-:t c0mm:..;r::•:atior: .sys1e:11 :)sir:9 dec1ric ne:d ;_-:c;up!ing by a;; e:e;_-:t;;_1:.:tat1c fiekJ or an :ndLlctk1:1 e!ectri•: fje!d ·rhe 

:nus-::ra-::ed c,:1P-:P~:un:c~tioP system iri-:1:.ides a -::rar:smittH: o -::h3-:: trnr:si~:11ts dat,3 ~nd a re-:eiv,;:r 20 -::hat re,:e:ves data. As shewn :r: tho;: tigL:re, vvheP the hiqh -freq:.ien,:y 

cG:jp!e;.s Gf the 1t·;'.':r:scP.i'.1Hs ;'.':re ;::r;e1;;gP-d foe:~ IG foce, lhe hve e!ec:.rodt:s eper;::tt; ;'.':S or:f: c:e1pr.1ci'~{:t: ,1:1d c1.s ~ 1,,vhG!e ;_1pHr.1IP. !ikP. 8 b;::wJ-p8s:~ fj:1e:; lhe hve high-freq:_;t;w;y 

couplws H,gh-frequency s,gi-,als can be etticie1·,tlytrans1-c,itted be,v;een the twc. IP ,he c,:.1.,-,1,-,unico,,,:.n syste:o1 s:·,,:.wn ,i-, the f1g;;1·e, in ,:.rcier ,a Su'cubly fo·m,; 

t:·a:":sn1:3:,ion pat~1 by e;ec-:::--:c f:e!d c:J:ip!:r.r-1, suff1: .. :en-:: irr.rv:c:ance 1:":atchin9 is a: .. hiz'H:d betwezr. thf: h:gh-freq:ff:11cy co:..1pk::":, of thz tran:,1:":itte:, ar:d :ece:vf:I~ and i-:: 

ope;ates effecti,,re:y ir: a ~;igh frequer;e:y tiand a:vJ in a ·,,vide band. n :s r:e;_-:essa;y to. 

The trari::rr:itter; receiver electrodes 14 and 24 ofthe-::rar:si~:1itt,;:1· 1 O 3nd ti~:e receiver 20 me disposed to foce e~ch c-::her vv:-::h ,3 ::pacii~:q at, fer examp:e, abcut 3 cm, ~Pd 

car: bf: co:..:pk:c: tn ead: o-::her. Tt:e -:::,ar:3:nissic:1 c:rcuit :i1::-:: ! : !"J:": the -:::--3r.r,:":1ittf:r s:de ger:erate:; a hi9h-frf:qu2r.cy-:::--ar:3:nissi:J:1 s:gna; suet: as a UV'J:1 :;igr:a! based l:11 

·trar:s:nssk1:1 data \,,\.'her: a t;a;;srnis.s1Gn requ.::-st is generated f;;._;;71 a hiff1>:r-!eve! ;::pp!:caticn, ar:d the si9n;;! pr0pa9ates frrxn ·the tra:1:.:mis.s:on electrode 14 t•J t~;e 

:--ecf:ptinn eh":c-:::\1d2 2<0 • Thzr:, the recf:ivin9 c:rcuit Lin:-:: 2·1 •,Y: thz rerx:ive:· ?..G sirk: d2r:1cdu!ates and dzccdf:s-::he :·f:ce:-ved hi~f":-f:·f:C\Lier:ci si~v1a! and pas8f:S -::he 

;~preduced (fal,1 '~o the uppet· c1pp!i:;8li;_1;; 

/i.c;_-:ord1ng le a e:omrr:un:•:atior: :11et~;od :__;s:;;g a h:gh freq:__;en;_-:y a:vJ a 1,,...,·:de ba:vJ !:k.::- UVVB e:0mmun:•:atior:, 1t is possit.1ie ·to rea!1ze :Atrnhigh-.speed d;;t;; trnnsn:i.ssicr: •A 

3b!"J:Jt 1 GO Mbpr, at a r,t:l:I'"! dis-::ar.rx:. Ir: additior:, when UV'J:1 cnn1n1: .. mi: .. atinn i:, pzrfori:":ed by 2:e: .. t:·:c f:eld co:..:p!:1:g :r.r,tf:ad cf radio 1N3v-e C!"J:"n:":l:i1:icati:J:":, -::he dzctr:c field 

:.:trenqth i.s ir:v.::-rse:y prGp0rt10n;::I t•J the cuti.::- 0hhe d:star:ce or the sq:)are of the d1s·tar:ce, s;._1 t~;e electric: field strer:9th (rad1G w;;ve .st;er;uth} a-ta d:star:ce Gf 3 meters 

frem the radie ,;:qu:pn:ei~:t 1s By s:.ippressir:g tho;: f1·,;:q:.ier:cy-::o ,3 p1·,;:de-::erm:ne1::; !eve! er less, 1t :s ::1,:1ssibk -::o cbtaii~: a weak r~d10 -::h3-:: dees r:ct require 3 radio srntieri 

:k-:t::1se, ;'.':r:d;:: cot::t::L:n:c~·::{:r: :~yste;~1 c~r: be cor:fig:_;r~d ~,~ kn-v cest !n 8dd::_:en. wher: d;::tr.1 !";{:n:n:u:1lc;'.':'~ien Is pe;formed ;::t ,1:1 extr~rr:P.:y sh{:n diste1;;ce by·:he e!P.c'~t·:c: 

folci coupl,n~ :o1ethod, ,he s1~cal quality is n,:,, cieteriornted ::,y the 1·etlecting objects pcese,·,, 1n ,he vici,·,1ty, and it ,s net necessmy ,c c,:,i-,sidw the prevention cf h,;cking 

3nd ensuri:19 the C!"J:":fider:-:::a!:ty en t~1e t:,ansrr.i:;s:cn :ine. Tt:e:,e are :":c!vanta9es r,:ich ar,. 

Or: the Gthe: hc1:1d, s:;;ce the prep,1g;'.':Lie:1 kJss :nu·ec1.st:s c1;_-:<.xJ:dir:g t;._1 :_f;t; pt·op89e1:.:en dist;::r:ce wi·:h t·espt:e: '~o the '✓,tf!Vt:!ength, :1 i.s :1ec:essmy :.e sL:ffldP.:r::y s::ppre.ss 

-::he ::1i·,:1::1uga-:::cr: ;oss vvher: ~ high-frequ,;:ncy sign~; :s wo::1uga-::ed by electric fie;1::; ccup;1ng. !ri a cemmui~:1c3tieri syst,;:p~: tha-::-::rar:si~:1it:: high-fre-::uency broadb3rid sigri~ls 

s:v.h 38 UWB :,ignab by f:!zctric fie:d !",l:uplin9, e-../en u!t:a-:;!10:i-c:istanu·~ ccrr.rr.:v:ic3-::icn l:f abo:..:-:: :3 c1:": :s f:c:u:·,_1a!er:-:: -::c a~Jl:Lit one-~1:":!f 1N!Ne:e:19tt: for the ur,f:d treq:..:en: .. y 

tiand cf 4 GHz, so i1 ::.: igtwred. His a !engt~l that ca:v;ot be dc:1>:. :r: p;;rti•:u!;::r, the prcblerr; of chara•:ter1stic 1mpeda:v:e is rr;Gre se;:oJus in a hiff1-freq:)ency e:ircu:t than i:1 

:": lo'N-f:·f:C\Lier:ci ci:c:Jit, and the infhie11ce of i11:p2da:1ce rr:ir,:":latch becnrnes appa:--zr:-:: at t~1f: coup!:119 pci:":t be-::\riff;f:11-::he f:!ectrode:, nfthz trnn:,cz:-ver, 

:r. !",l:11:11:ur:ict:t:n11 ur,:1:g t:,eq:..:e:1ci28 :11 -::he ;(r-:z nr MHz b3nd, the o:cot:gatior: !oss in spacf: :s :,1:":al:, so that t~1f: tra11srr.itte: a1:d :--zce:ver have a co:..:plN consi:;ti11g cn!y cf 

dectrcde:.: ;::s :.:h0w:1 in HG. 2, ;::r:d t~k ccup!ing pa;t i:.: sin:p!y a parn!:e! p!;::te ;_-:apacit;_v_ E_,_,e;; ir: the case of Gpern1ing as, 1t is p•Jssib!.::- to perform de.sired data 

t:·a:":Sn1:3:,ion_ HOWf:Ver, ir: CO:":ll:":Li11:catio1: :..1si:":g h:gh fre-:;:iency ir: the GHz ~"J:":lld, :,Ince p1\:pag3-:::cn k1s3 :1: space ir, !a:--ge, it :3 :":ecer,:rn:--ytc :;upprer,:; si[-!:I:":! :--2f:e: .. t:n11 3nd 

:n:p:'t'wf: '~:~r:s;~1:ssk1:1 P-fflci~r:cy. As shoi.'\1r: i;; i=!G. '.3, ~1re:1 If the h:gh-fr~quer:c:y sigr:,1! tt·;'.':n.sr~;lssio;; p~'~h i:~ ~dju:~tHJ ·:o c1 prHfo·:et·m:ned chmc1;_-::.Hlsh--: :r~;pP.(fotK-:t: z O i:1 

e3ch ot ,he trnnsmi,ter 3nd the cece,ver, i:o1pedo,·,ce m3tching is pertocmed 31 the ccuplm~ pc0,icn ,:,i-,ly ::,y co;;plicg wi,h 3 pucalle: plate cap3c,,,:,1·. I co,·:1 l3'<e it. F,:,1· ,:·,1s 

;~r.lS{:r:, ir: the lrr:pedc1:1cf: t::i.sr~;r,1tchin9 p,1::. i:1 8 cGup:i:1g p~:t, c1 :~igr:fll ls refl~<..'.IP.d, r.1 p::Jp;'.':gc1t:or: k:s.s ~::se:~. c1:1d P-ff:d~r::;y fe1Hs. :=er P.xc1:11p:P.. even :f thf: higf;.f;equer:c:y 

:::gr:,3! t1·~nsrr:is::ior: line coiT:ecting ti~:e-::rar:smissieri circuit ;__in:-:: 1 ~ ~Pd-::he trari::rr:issioP e!e-:t1·01Je ~4 is 3 ,:ouxi~; !:r:e with 500 1mped,3ri,:e rr:atci~:mg, tho;: :rr:ped~Pce ~t 

tt:e ccuonng p:J:-::icn betwef:11 -::he trn:1:rn:isr,:l:11 ek:ct1\x!e : 4 t:1:d -::he :ecep-:::cn dzctrcde ?..,~ :3 ;n1N. !f thzy are r:1ir,:":l:":tched, the 3ig1:a: i:; :'et1ectfa! tn ca:Ee a ~xo~"Jaga-:::cn 

https:/ /patents .goog le. corn/patenti J P4403431 B2/en?oq =440a431 Page 02531



1/10/22, 2:05 PM JP440343·182 - Communication system and corrnnunication apparatus - Google Patents 

Th~refore, 3S shcv;n in :=1G. 4, the high-frequff,cy couplws disposed in ,:·,e ceacsm,tte1·: O 3nd ,h~ cece,ver 20 me ccnn~c,ed tc ,h~ piste-:1ke ~lectrcdes 14 3'1d 24, ,h~ 

:~eries lr1dL:ct;..1:·s ·!:.? find :.?:.? , ci;;d lhe p8;e1He! :r:d:jch:rs 1 :3 ~::d ~'.:?., t·esp~e::vely. Co;;r:P.c1ed :.o thP- '~r;'.':ns;~1:ssi;..1;; !:ne Whe:: .such c1 high-freqL:e;;cy ccup:e:· ::~ dispcsed fa,::I rig 

.::-ash •Jt~V:-r as .shGwn :n ~!G. 5, the t'h''J e:e.;::t~-:..1d.::-s cp-e~;;t.::- as .._-i;;e cap;;citor and operate !:ke a bar:d-p~=r:.:s filter as a ·,,vhc!-e_ !-1:gh-freqLlen.;::y s:gr;a:s •:an be efflci-er;t!y 

t:"a:-:sn1:i..i..Zd ~Jf:twee:-: the i..WO. Hf:l"f:, the l:igh-frequf::-:cy :;ig:n:a! t:":":1:s:---:1:r,:;ia:n: !i1:e ind:cmes a ccaxia: f..able, a :---:1ic:"fJ:;t1·:p !inf:, 3 f .. C!p!or.a: :1112, C!r the !Ike 

!-l~rt:, if th~ p:j:pose is s:rr:p!y :.o pet·fGrr~; i::1pedQr:ce :11e1t;_-:hi::9 b~:x,..-ee;; thP- e!~e::Gdes of :_f;t; ·::,1:1s:11:ae; 1 O ~::d th~ :P.:;e:·,.ret· ✓-0, lh~·: is, ·:he ;_-:cur.ding pG::.:rrn. t;._1 :~uppt·es:~ 

t~;e ref:e;_-:t.::-d Y110,,,re, each •:rxip!e~ :s ce:v;ec·ted 0,s sh;_Y,,Vn i:1 F!G. 6A :tis not r:e;_-:.::-ssa:y tG ccnf19ure fr1e fl;;t e!ect:ed.::-s 14 0,r;d 24, t~;e se~:.::-s i:vJi...:e:t0rs 12 ;;rid '22 ;;r;d fr1e 

~-)a:,cd!e: i~du: .. to1·:, 13 and :?.3 ~o b:: co~r.ected ~o the high-frequ::1:cy :;ig~o! t:":":1:s~1:r,:;io~ pat~1, ond each cnup:e: is ton1:ed !F;; a f:at ::!ectrode 11-1 as :;i1own in F!Gc 68., 24 

3nd a se:ies inductGr may be ce:v;ec·ted k1 a hi9h-f:eq:_:ency si9n0,! transrr:i:.:sicn line. r~;at is, ever; Y11~1>:P 3 s.::-ries :r;ductcr i.s inse~ted on ·the ~1:uh-freq:..;e:v:y s:un3! 

-::ra~smissiori !:~e, vvh'::P -::here is 3 u::-up!er eri ti-:e receiver side ,3t ~ very sher-:: dist~Pce fa-:ing -::he ,:o:.ip!ei· ,:11-: the trnnsP-:ltter side, -::he iP-:ped3n,:,;: a-:: -::he ,:o:.ip!irig portion 

bw;c:t::e.s :;or:1i:1:_;cus. n :s pc:s:~ib:e to rfosig;; ~s .such. 

However, :n ·the ;_-:onflgura1k1:1 exa:11:)e s~vx,,vr: j;; F!G. 68. t~1.::r.::- is ;;o cha:19e ir: t~k cha:a•:tem::tic :rr;pedatK-:e befcre ;;r;d 3fter the •:rxip:i:19 p0rt10n, :.:fJ ·the :11;;gni·t:.ide •A t~;e 

current dc!es not chor.r-1::. :J:-: the cthe:- t:a11d. t:s s~1ovv~ 1:-: nG. SA, vvher. U!11nect::d tn the 9::J:V:c: vlt: the pa:ane: :1:duc~onu·~ before th:: e:e: .. t:-:Jdf: a-:: ~he f:lld cf ~he high­

f:·eq:_;f::1cy sig:1Q! ·::,1::s:11::~sien p,11h. the coL:plH ,1!or:e h,1s the chcH·cK-:t~r:s-:ic :r~;pP.:for:c~ :-: u en ·:he :1~,1: side Gf lhe co:_;p!et·. Gr: th~ !"Jlhet· hci;;d, '~he ch~t·~c:te;::~n:; 

IIT:pedari,:e Z -1 :-::t ti-:e end c,fti-:e ceu::1!er is 1·,;:1::;uced (th~t 1s, Zr:~ Z: ), so th3t it has~ func-::icn ~s an IIT:pedan,:e cemrersiori circuit, ar:d tho;: o:.i-::p:..;-:: c;__ffi·ei-:t of the CG;_jp!er 

w:th :P.spect IG ·:he :;;pul cu:rent: 0 te th~ :;c:L:p!H. ! ~ u~:1 bf: 8rr:pnFied (ie,: 8 <! ~ ). 

"//.'- ar:d 78 shov·,1 a state 1r1 w~;1ch 0,;; e:e;_-:t~:•: ·f:e!d is j;;rJuced tiy e!ee:·tric f;dd c;_1up!ir:g ~J>:twee;; e:e;_-:t~;_1d.::-s in each •A t~1>: ccuplers '.o\.'I th 3r:d ·,,vithcut the par3!!d 

illd:...:ctan,:,e_ F:c:n t~1is TI[-!:J:"f:, it : .. all be '.i1:de:--s~ccd t~1:":t the c:J:J~-J!e:-- :r, pl\'!Vid::c: \ri1it~1 a poro!:e! lndLic-::o:-- :r. t:c:di-:::or. t:J tt:e se:if:s ind'.ictn:: thNf:by :1:ducin9 a :a:[-!N e!ectri: .. 

·r:eld a~d u,usi,19 s·trong c;_1,_;plin9 , .. etweer; the e:ectc0des When" lacge electric f,eld i,, i~ducced neor ,,,e electric fie:d as ,:h0v-"1 1n HG. ;,\, tbe ge,krnted electric field 

prop,3g~t,;:s iri ti-:e tront dire,:tion of-::he ,;:!ectrcde s:.irfoce ~:: 3 !,:11-:qi-:::.idin~; w~ve th3t vibrates in the ti-~ve!ii-:q directic-P. This e:e,:ti·i,: w~ve rr:~~es it possil:1!e -::c prop~qate 

Q si9:1Q! betv,;P.er: the P.;e;_-::_;;_1d~s evP.:: 1Nher: the dis1c1:1cP. betv,;P.er: th~ e:e;_-::_;;_1dt:s i.s rP-!81ivP-!y !~:ge. 

n1>:refore, j;; a ce:1v11:_:r;ica1k1:1 sy.st.::-m that tr3r:s;71:ts hig~;-f~equer:cy si9:1;;!s .sue:h a.s UVVB sigr:0,ls by e:e;_-:t~:•: fle!d c0:..;p!:;;g, the esser;t1a: c•Jr;di·tior:s f•J~ a hi9h-f:eq:_:ency 

ceu::1!er ore ~s to!:e'vvs. 

("!} Tt:ere :r, all ek:ct:\1de for C!°J'.ipH~g ~JY on f:!ectric ne:d. 

(2) -r~ere ,s a :Ymil:el induc,,v fo, ccrnnling with;; stc0nge, electric f,eld. 

(3) :r: the f1·,;:quer:cy band used for ,:oiT:IT:unic~tion, the i~dL:ct•:11· ~nd c~::1uci-::cr coi-:stan-::s ~i-e set s,:1 thm ir:-:pe,:fonce i-:1~tchir:9 ,:an be uchieved vvhen tho;: ccup;er is ::1;aced 

facP. '~c: foe~. 

/.\.S s~;owr: :r; ~!G. 5, the ba:vJ-pass niter cerr:p~i:.:ing a pair cf hig~;-fr.::-quer:cy ceuplers i.-1;hGse dectrcde:.: face eae:h ;_1ther has :t.s p3s.s fr.::-quer:cy f O determir:ed by the 

:nd'.ictance (!f tt:e se:-if:s indLicto:, or.d t~1f: poro!!e! ind'.icto:, a~d t~1f: copacita~ce (!f the ca~-)ac:~cr c:J:-:sti-:::..1-::ed ~Jy-::he ::!ectrode:,. con c:(!. FIG, 8 :,how:, an eq'.iivah":llt ci:c'.iit 

•A a b3ndp;;ss filt.::-r e:or:-:pes.::-d of 3 .set of hiff1-f:eq:_:ency e:oup!.::-rs. !f the charncte~::.:t1c i:11p.::-dar:ce R [G], the cer:te: frequ.::-r;cy f O [Hz], the ph0,se diffe:e;;ce betvveen t~1e 

illp:...:~ siglla: a:-:c: the pa:;s:n9 s:gr.a! is !"J lrad:onl (~ <a. <2~}. a~d th:: coprKitance (!f tt:e caot:c:~or c:Jn:;tituted bi the :::ec~:--oder, is C / 2 C T~1f: ccr.r,tt:1:ts L ·: or.d L 2 of t~1f: 

pa:aBe: a;;rJ serie:.: ir:du•:tance.s e:or:st:tut:r;u ·the ~J;;r;d pas:.: "f:!te: ;_-:an be •Jbtained tiythe folbY11:;;g equ0,t:or;s a;_-:c0rdir:g t;._1 t~;e ope:at:;;g freq:.ien;_-:y f 8 . 

;=urti-:er, vvhen tho;: ccup;er func-::ien:: as ~P imped~Pce ,:i:,pversic,n cii·,:uit as~ sing;e :..;r:it, the e-=:;_j1v,3!ent cirC;_jlt is ~s show~ iri F!G. !~ the 1!:L:sti-~te1::; circuit di39r,3m, ar: 

irnpedonce ccnversl:J:-: c:rcuit tt:at ccr.-ve:'t:;-::he d:a:,acteri:,tic :rr.p::dallce frc:n R 1 ~GR 2 by se!ectillg the pa:,a!!e: :~du: .. tt:1:ce L 1 rv:c: the r,f:ries ::-:c:uc~or.rx: l. 2 :~ 

3c•:ordance with t~1>: 0pera1i:19 fr.::-quer:cy f O so 3S t•J s31isfy the fc!!•Jwing eq:..;alie:1_ Can be •:Gnflgured 

fa.s described ~bove, ir: the no~-coi-:t~ct ccrr:rr:ui-:1c3-::ien systeP-: shewn ir: ;=!G. :, ,3 ,:omm:.i~i-:ut1on de-vice ti-:ut pertorrr:s UW8 cemmuPicatiori uses the higi-:-freque~cy 

ceup!P.: s!K1i.\1:1 i:1 i=!G. t~ in.s:.t:,1d c:f u.slng c1:1 r.1n1e::r:c1 In 8 ;_-:cn,1e:1t:cn~: :·cid:c :;c:rr:rr:u:1:c~'~ic:n dt:,1k-:t: of :~dk1 '..f,ff!Vt: ce:11:11u;;l:;8lie:1 sy.s:.~r~;_ /.,s 8 ;es:j:'~, :tis po:~sib!~ IG 

realize u;t1·~-shcr-:: dist~Pce d~t~ tmnsr:-:issior: h~ving unpreceden-::ed ,:i-:arac-::eristics. 

fa.s sh•:1w~ ii-: F!G. 5, the twe ;-:1gh-freq:_;ei-:cy ,:c,up!ers whcs,;: e!e-:t1·,:1des fac,;: e3ch other with a y,;:ry sh•:11·t disrn~ce opernte ~s 3 ti~Pd·p3ss tfaer th3t ::1usse:: a siqna: ii-: a 

de.slrwJ freqL:e;;cy bQr:d, e1;;d ~ s:r:g!e f;lgh-frP-q'.ie:1cy ;_-:oup!er. A;_-::_:~ ~s Qr: it::pe;_far::;e ;_-:cn,1e:·s:rrn c:i;;_-:uil ·:h~'~ c1:11p:ffles :_f;t; cu:re:1t. On :_f;t; o-:her he1r:d, 1Nher: the hi9h­

treq:..;eri,:y ,:,:1up!er is p:aco;:d 3!eri,;: i~ free sp3ce, -::he ;pp:.i-:: irr:pe1Junce c,f ti-:e high-fre-=:ue~cy ccup!er does PDt mmch tho;: ch,3r~-:teris-::ic IIT:pedari,:e of -::he ;-:1gh -freq:_;ei-:cy 

si~ma! trnn:,1:-:issl•.Y: po~h, so ~hot th:: s:gna! er.te:1:(~ fr•.Yn the hl9t:-frfa:uer.cy sl~v:a! ~rnr.r,:-nissl:J:-: pmh I:, :'etlect::d i~ the high-frequ::1:cy cn:..1p!e:-. ~.J:Jt :-ac:imed !"J:Jt:;idec 

·rherefr:re, i:: the r:G:1-ce:1te1ct :;ot::t::L::1:c~·:ic:r: :~yste;~1 sho'.ovr: i:: r:c:. 1, '.ovf;P.:11he:·e Is 1K1 p,1::_;;P.: l:J c:e:11:11ur:i:;81e i.'\1i'~h ;_1:1 thP- '~:~r:s;~1::.:.~r side, :~die 'N~...,·~s de ;;c:. nGw Hke 

;;n 3r:te:v;a_ 0,;;rJ the p0,~1r:e~ t•J e:0mmun:•:ate '.o\.'I th 3pp:ea•:hes .::-ae:h electrode. On!y '.o\.'hen a •:ap3c:t•Jr 1s formed, high-frequ.::-ncy sigr:als 3re t:a;;smi·tted by ir:-:pedance 

:-natch:n9 as s~1owr. ::-: r:s. 

He:·e, cc:n.sldet· '~he ~!ec:trc:rr:cig;;t;II:; fie!d ge:1~rntwJ in :_f;t; ceup:i:1g e:w/~::Jde ;_1;; thf: '~:~r:s;~1:t:.H side i=!G. ·i D sf;cws r.1n e!ectrcrr:,1g::etk-: Fieki gt::1ern1ed by e1 r~;l:1'.i'~e d:pde. 

i':....s shcwr; ir: t~k flgure, the e!ee:·trrxnagr:et:c ·f:e!d is reug~;!y d:vided in"to a:1 e!ect:i;_-: lie!d •:rxnpor:e:1t (tra:1:.:ve:s.::- Y11a,,re c•Ji7lponer:1) [ 3 that y:brates :;; a di:e•:t10n 

~-)e:r1e~d!Gi!or ~G th:: prnpagoti:Jn di:--ecti:J:-: and rv: e:e: .. t:-lc lle!d con1pcr.e:-:t (:(!llg:~:...:dl:-:a! '-t-!t:ve cnrnpo~ent} E FZ -::ho~ \/ib:,mes i1: o di:-::ctio~ pa:-t:!!e! to the prcpa~r:tinll 

di:e;_-:t:fJr1. ;;; additi;._1;;, a ;71;;gnetic f;e!d r-!'f- :s ge:1>:rnted areu:vJ the r:-:i:1:_:t.::- dipe!.::-. -rhe fe!kJwi;;g equati•J;; represer;ts ·the e!ec1ror:-:aff1d1e: fiekJ d:..;e t•J a srr:an dip;_1!e, but 

s::-:ce an a:'bi-:::,a:--y : .. '.ir:-::1:t d:strib:Jti(!I"': con be c:Jn:;idered as o cnllti~uG:E cdh":c-:::or. :Jf :;uch :,1:-:a!: dipn!es, the e:ec~:--0~1ogn::tic Tiek: :~du: .. ed -::here~JY ha:, s:rr.Har p:'t1perties 

(fer examp!e, (See, '"f\.Ptenr:a / Rad:o i/,.1av.::- Propag3tien" by Y;;s:.i·t0 rv~u.shiak: (C.:e:e:1;;, pag.::-s 16-18)). 

As c~P be seer: frcr:-: the a boy,;: eq:_;,3t;,:11\ the ti-~Psvei·se w~ve ,:c,rr:ponent ,:if tho;: e!e-:t1·1c fie!d i~d;_j1Jes ~ compcr:ei-:t that is invers,;:!y ::11·,:1:x,rti•:1Pa! tc th,;: dist,3ri,:e (radi,3ted 

~!ec:tric Fie:d), r.1 :;c:rr:p;_1;;H11·:h~'~ i.s i::\.'H:~P.:y p:Gp:J:n:J:1~! to :.hf: squQrt: of·:he d:s1~::c:e (:wbc:ed P.;e;_-::_;:c fle!d), ~::d e1 c:J::1pc:ne;;:_ th,11 is :n,1e;s~!y propcrt:cr:,1; Le th~ :;'.ibe 

•A t~;e dist0,r;e:e (e!.::-e:·trGst3tic ne!d). ). f-'.:_:rt~1.::r, 1he bngitud:r;a! wave c0mpor:e;;t of the e!.::-ctric fiekJ is crxnposed Gf 0n:y a c;_1:11p•Jr;er:t i:werse!y prcpe:ticn0,I tG ·the .square 

oftt:e dir,ta1:ce (in~"bct:'H: e:e: .. t:-lc lle!d} :":1:d o : .. 01:-:pnner.t ::-:vers::!y p:coo:-ti:J:-:a! ~o the c:..1be oft~1f: d:sta:-:ce (ek:ctl\'!s-::m:c f:e!d), a1:d doe:, 110-:: :r.c:ude th:: co~1pcn:::-:t nf 

·the ~0,diated electr0m3gnet:e: fte!d. ~unher, the e!ee:·tric f;dd ER bec;_1:11es max:mum in t~;e dire;_-:t:on ir: ·,,vhic~; I c;._1.s 8 i::::, that :s, :r; the d:r.::-ctior: ;_1f the armw :;; t=:G. 

di:·e;_-::_:rrn its :_;e1ve!:;;g dit·ect:cr:, the rndio vv,1,1e c~:: :1ot CG:f1:f1'.ir:k-:r.1tt: w::.h lhe d:;ecil:J:: ef ~1;_1:r.1:iJ..c1tk1;; is ;_1;1he9;_1;;r,1!. !:1 C:J:r::~s1, t:!ect:·e:11e1gr:P.·:ic w~...,·~s err:iaed f;o;~1 thP­

ceup!ir:g electrode :r; 3 c•Jrr;rr;unicat:•JP sy:.:tem uti!:zir:9 ;;n e!ectrosta-tic f;e!d er a;; induc.::-d e!e•:tr:e: fte!d, i:1 additie:1 t•J the tr3r:s,,rerse W3Ve E t~•~t,3. :r;e::ud:;;g :cng:t:_:din3! 
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:r: ~ nor:- coi~it~ct ccrr.rr.uri;c3-::icn ::yst-21~n, 3 s1gr:a! car: b-2 t1·::msrr:it::ed v:a ~:viy c,:1i~nponer:t cf~ 1·udi3-::ed ,;:!ectric fie:d, an ek:c-::rosrn-:::c fie:d, and ,3ri indL:co;:d e!-2-:t1·1c fiek;. 

Hc:v•;t;,1e;_ ~ :·c1:.,i:?1IP.d e!w;·:ric ~~!d 'd':81 ::~ :m:t:rse!y prrJpc:nio::cd :.c distc1:1cP. c:e1;; :;;'.':U-St: :r:1e:'fere:1cP. '~o ethe; syster~;s ·:h;'.':1 ci:·e rt:!;':'~i\.'t:dy fa; 2"'.f./2.y. -n:e;ef;._1;2_ ·:o s:_;pprP.ss :_f;t; 

•:rxnpor:e:1t c,f t~;e r:.::di::it:c,n ·f:e!d, in •Jt~;er Y11-:..Fti-s, '.o\.'hi!e ,3uppres.s1ng the t~::ir;sv-2~.se w;;ve l thc-t?. .;_;c,rr;prising the c-:..J:11p•Jr;ents -:.:if 1~1>: radiati.;.:i;; lie!d, the n.;.:i;;-cor:t:.::ct 

cnn1n1:..1r:lf..atlon I:, p:,ete:--:,ed utl:lzi:19 !or:gltud:1:a: VlffJ.Vf-: ER not con~aini1:g ccrr.p~v:en~ of ~he :-adim:or. fo":!d 

:=rcrr: lhe vlewpcl:-r: de.scribed e1bc1re, lhe h:gh fmq:jetK-:y c;._1:_;p!et· CH.':CG:"di::9 te th~ p:-eser:t P-ml'"x:C:i;~1~r:1 is d~1ri.sHJ ;'.':S f;._1:h'"Jw-S First, ii cf!:1 bf: se~n f:°G:"fl ·:he e1bc1re­

descriti,;:c; three -2qum:cr.s shcwmg ~he e!ectrcrr.,3gi~:etic f;,;:!d ~hat E 8 :..: 0 and the ER ,:,:1P":poner.t t,3~es ~ P":axim;,F:7 value \"Jh'::n 8 :..: 0 . Th3~ is, E 3 :3 i-:1~:<:rr:ized iri el 

di:·e;__-::.:rrn pe:pe;;!JicL:h::r :.c lhe d:;ecil!):! ef c:_;r;er:t ArJW, find i: ;~ :::: :"fl;'.':x:r~;l1..ed In 8 d:rH;-:i{:n p;::m!:e! :.c lhe d:;e<..:tirJ:: ef ;__-::_;r;er:t Am.v. ·rherefore, tG m;'.':x:r~;l1..e i: ;~ 

perp-2i~:c;ict.:l~1- front 1Jirecticri with i·-2spect to t1~:e e!-2-:t1·,:11::;e 3ui·fac,;:, it is des1rab:e to 1ncre,3::;e ~he vertical 1Jirecticri c,fthe cui·rerit compor.ei~:t t•:1 the ekc~rode. Or. th-2 other 

f;,1:-1d, '✓,the:1 :_f;P. foed:r:g rx:i:1t :s {:ffoe1 ft·{:t:: the eente:· ;__1f th~ e!ectrodt:. the e::t·:-e::'~ co;~1pcnen1 i;; thP- C:i:·ecnG:-1 pc1:·e1ne: t;._1 tf;t; e!ectro(fo in;__-:r~,1se.s d:je te th:s {:ffoet :°:1H1. 

t~;e front direct;op of-the l thH?. -:.-:omp0nen1 -:.1f t~V:- e!e•:tr•Jde 2:c-:.-:ord1ng Le the e::..;rrer.1 c•Jrr;pGner.1 ;::_: :r.c~e;;secL r~;erefore. ;p the h;gh-freqLlen-:.-:y c-:.1;)p!er ac•:Grdir:g tc t~V:-

~Xf:sent f-:1:-:bnd:rr:ent, the feeding pci:":t p:\1vidfa! no cffset frcrr. t~1f: centf-::" ~-)l:s:~:cn l:f tt:e ek-:ct1\:de i:, the t ;~ corr:pcnf:1:t :s :;et ~o be 1:-:axirr.:vn. 

Gf co:_;r:::f:, ;;c:. Grdy :_f;P. :";'.':die1:.~d e!ectr:c -~eki b:J: 8k::G lhe .s:_;:::_:e e!~clrlr; fiekJ ;'.':nd th~ inducwJ e!~e:rir; field ;'.':re g~net·;'.':'~ed :n ·:he ;__-:cr:,1e:1t:cr:,1: c1;;:_H1:"1;'.':, ;rnd '~he ~!ectric Fie:d 

-:o:.ip!ii~:q occui·s wh-2P the transP~:1tt111g ,3rid receivir:g ~i-:to;:nn33 me brot.:ght dose t•:1 e3ch other. Howe•/er, IT:DS~ cf the energy is -2i-:1itt,;:d 33 t1~:e radi,3t-2d e:e,:ti·i,: tie Id, w1~:1ch 

is t:fflcier:t fer r:Gr1-ce:1te1<..J !";{:t::t::u:1:cff:i{:n. ir: ;'.':ddit:or:, the;e 8:"f: c;._1;;cerr1s e1bcu1 ·:he e1dvet·se t:ff~e:s ef u;;r:P.ce.ss~ry :·e1dlG w;::ves en ::ee1;by e!~clrcnic d~1ric~s. 1:1 

cc:1t:a:.:t, the ~;1gh-freque:;cy -:.-:oup!er .shGwn ;n ~ig, 4, s.._-1 as 1c ;pe:reas.::- the 1ran.srr;1ss;•JP eff:c;ency e:rea1e;; str0nge: e!ec1ric f;e!d [~:.::ta pr.::-r.Je·terrn:r:ed f~.::-quer:cy. t~1>: 

ek:ct1\:de and the rer,•,Y:ance Lin:~ to:-- ccuo:ing I:, h:ri:-:t:d, A:sfJ, os w:n be de:;e:--:bed :ate:--. ~)y !F,ing a :-at!io '-t-!t:ve t:bsorber rr.adf: ot o rr.a~metic !oss rr.atNia! in tt:e 'licin:ty l:f 

t~;e ceupl1ng elec·tr0de, it is possi~Jle ·to rad;;;te :..;r:ne•:ess;;ry r:.::di-:.1 waves a:1d exte~rn.=i! radic 'N3'!>:S '.-\.'hi!e :.:tab::izing the e!ect:i•: fle!d c0Llp!i:;g bet'.-\.'>:er: the t~;;psce;vers ;;t 

:": she:-~ dl:,tance. Rf:duce t~1f: eftects of Jar:1r:1:n9. 

V'Jt:en the high-frequf-::-:cy cnup:w :,hnwn ill F!G. 4 :s ur,f:d ok;nf: on the t:-a1:sr:1:~er sit!e, a !or:gltud:1:a: vVffH-: elect:"!-:. tiekJ con1por.e:-:t ER. i:; genf-::":":tf:d or: thf-: s:...:rtace oftt:t: 

ccup!ir:g electrode, bLl·t the t:::;:;sve~s.::- Y11::ive oJrr;pGner:1 l 0 i:v:!Llding t~;e r:.::di::it;on e!ec tr;e: field is •:har:ged to ER !3ir:ce 1t is ~e!ative!y .srr;a!:, a!most :vJ rndie vvave:.: :.::re 

emitted. Tho~ i:,, r.c d:s~:..1:--b:r.r-1 \V3'H: to c~he:- nf:ighbc:"in9 s:r,tf:ll:s I:, ger.e:-atfa!. A!sc, 11:ns~ cf the s:gr.a: ir:put tfJ tt:e hi[t1 frN':Lier:cy" ccuo:e:, :s :"f-:f:ec~ed ~JY ~he dectrcde 

;;rid re1urr:s t•J the i:1put er:d. 

Gn ·the -:.1t~1>:r har:d, whe:; 0ne .set 0f hiff1-f:equency ceup!ers :s used, tha-t :s, w~;en the ~;1uh-freque:v:y -:.-:oup!ers ;;re :.::rrar:ged at:.:: s~;ort d1st2:r:c.::- betw.::-en the t~::iPsm:t::er 

ond tt:e :--ecf-:iver, the CO'.:pHr.r-1 f:!ectrcde:; are f..Olipled :"nt:in:y by a q:..ios:"e!ect:-cr,tat:c f:e!d eorr:pcw:1:t tn ton1: or:e capocito:-. !~ wo:-;(s !Ike a ~J:":lldpor,:; n:~er rv:t! :s :1: a r,tatf-: 

·,,vhe:e 1mpeda:v:e rr:a1c~i;r1g is achieved, Therefore, :7vJst 0hhe .s1un2:! / p-:.Y,,ver i.s tr;;nsrr:i11ed t•J the ethe: p;;rty :r: the pass;ng freque:;cy ~J;;Pd. ::;:;d the refl.::-ctior: tc t~V:­

;npu, end is s1·,·,ulL Th~ ''sher, dis,,;nce" he1·~ is d~tined oy,he W3Y~length A, Gnd coccesponds m the ,11srnnc~ d be,v;een ,h~ ccup:111~ elecceodes being d << J.. ! '.'". For 

e~.r.1rr:p!e, wher: lhe u.st: frP-q::e:1cy f 8 is-~ GH...-:., thf: C:i:::tr.1w;e bt:twee;; lhe e:t:c:rrJrfos Is 10 r~;r~; G:" !es:::. 

1\bo. when ;..:acing tbe U'C medium diBt;;r;ee cktwee" tbe tr3ns;,1;tter and the receiver 3re ,1" tbe pe:i;.1bery cf\lie eoupl;r,9 electrode cflhe ,,c1r;srni1ter, tbe eleetros·t3tic 

f:eld i:; m~er.uatfa!, ~he !nng:tud::-:al 'Nave f:!ectric fiekJ:: F~ rr:a::-:!y f .. l:1:-:pnsed l:f an ind'.:ced f-::ec~:--:c f:e!d I:, ger.e:-atfa!, LfJn9itud:r.a! 1NrNe eh":e~:,ic fif-:!d F 1~ is ref .. t::'lfa! by t~1f: 

ccup!ir:g electrode •A t~V:- rece;ver, the s;gna: ;:_: transrr.;tted .. H•x,,vever. ;:; e:orr:pa:i:.:fJn w;th the c;;se i.-1;here twt~l e:0:..;p!er:.: are a~:a:19ed al a short dist::;:;ce, ;n ·the ~l;fJh 

treq:..;eri,:y ,:m1p!er cri t1~:e ~rar:3mittH s:de, the ratio c,f t1~:e :np~t s:gr.,3; reflected by tho;: e:e,:ti·,:1de 3r,d i·-2t~1-i~:1ng tc th-2 inpt.:t -2i~:1J bec,:1i~:1es higher. Th-2 "p~:ed:t.:rr. disrnr:c-2" 

f;P.rf: i.s defo~ed by th~ wcli.'e!e;;~:F.h f., th~ diste1;;ce d b~twee;; lhe c;._1:_;p!:ng ~!edr{:de::: is ;::bGul ·i h: .st:,1e;e1: !Imes !,1rget· '~hc1:1 }, / :-?rr, ci;;d lhe d::::tr.1nce bt:lweer: lhe 

~lectrcdes is 1 G to 40 :wn when the us~ frequency i O is 4 GHz . .4t the time. 

As rk-:sc:--:bed aboi.1f-:, in tt:e hi[tl"f:-e,:;'.:ency couph":r shcw1: :r. r-iG. 1~, the l:pe:--m:r.r-1 fre,:;'.:t:ncy f 8 fJf thf-: ir:1peda1:ee rr.atd:ing !J:":it is df:teri:-:ined ~)y ~he cnnstantr, l. 1 and L:: 

•A t~;e para!;e! i:1due:·tor :.::nd t~;e se:i.::-s ind;)ctrx. !1 i:.: a ge:;era: c;rcu:t rr:a:1;)f;;cturing rr.et~1od t0 cc:1f;gure the.se se:i.::-s ind;)ctrxs 12 ;;pd 22 ::;:;d p:.::raUe! ind;)ct0rs 1~1 ;;pd 23 

w:th -:irc:.i:t e;emer.t3 tl":elt are reg~i-d,;:d 33 ;umped -:onsrnnt -:irc:.i:t3. NcwevH, it i:: known th3t ~ !:.imped cor:3t,3rit circt.:it l":els a i~:el1T•:1wer b~i-:1J th3r. ~ distr:buted cor:st~i-:t 

(;i;;__-:uil in e1 high-frequ~w;y ciru:it, ~::cl the i::C:L:Gto; CG:"1S18n1 bt:eot::e.s sm;'.':!! whe;; the freqL:e;;cy :s higf;, s;._1 :_f;r,1t there i::: ~ pn .. 1b!Hr: ·:h;'.':'~ '~he r~WJ:!81K':t:' frP-q::e:1cy sf;lf:.::: dL:e 

m vm-1mions 1n ,he constant. 

Therefore, ir: the present :1:ventil:1:, thf-: h:gh freq:ff:ncy co:...:pk-:1· is CfJ:":fig:..i:--ed ~Jy" :--epbcing thf-: !:..ir:1ped constant ci:--cult frcrr. thf: !:...:rr:ped eor:st,v:t c::--cult :":lld ~he 

di.s:_;:butwJ c;._1:i:::tr.1rr: ci:-;__-::_;11 in the impetfa;;ce 11:c1td:ir1g s~e:ion e1r:d ·:he :·e:::rrn~::ce sect:or:, 1he;eby ree1H1..i:1g 8 1,,v:rJP, bc1:1d F:G.-:-: :::h!°Jw-S 8 c;._1:1~:gura:ion ex~t::p!e Gf ~ 

hig1~:"fr-2quer:cy ccup;er :.isiriq a dist1·ibuted coi~:stan~ cii·,:ui~ tor the ii~:1::1edar.c-2 rr:mchirig :.ir:it ~i-:1J the resc,par:c-2 un:~. 

Ir: the il:u:,t:-atfa! exa1:-:p!e, a h:rtl"f:-e,:;'.:t:ncy eouph":r is disposed nn a o:-i:":tt:d Ci:"f .. '.:it board ·1 Q1 hov:ng a 9:"fJ'.:1:d ccnd'.:cttx 102 fcrrr:ed l:1: ~he !ower r,'.:1·foce and a p:--:r.ted 

p8He:·n fe:n~ed GrJ '~he :_;ppP-r su:'ff!G~. !::ste;::d !"Jf ;'.': pe1;;::He! :nd:jcler ci;;d ~ ser:t:s i;;due:or, r.1 miue.s:_;:p !:ne <..:r 8 cep!r.1n~r w;::1regu:rfo, th;:::_ is, r.1s1L:b103 is f;._1;:11ed ~s e1;; 

:rr.p-21Jelnce i-:1eltch:r.g un:~ and el rescri~Pce ui~:1t at a high treq:..;en,:y c,:1~p!er, and ,3 ti-~i-:sm:3s1on / rece::1tic,n circ~1t :3 -:onnect-21::; vi~ a sigi-:el! !ii~:e paterr. 104. The i-:1,:11JL.de 

1 OS is C!"J:"1::e;__-::.HJ. ":"he :::tub-: OJ :s c;._1:1r:P.r/~ed t;._1 :_f;t; gt·oL:nd ·: D:-? {:nth~ !01,,vH s::t·foce i.'ifl e1 thr<..:ugh h;._1:t: ·i 06 p~ne'~r~'~ing tht: printed ciru:i1 bor.1rd ·1 D': e1t :_f;t; ·:ip, r.1wJ i.s 

::hort-eircu;ted, a:1d is u .. nnec\ed w the o.1upling elec\rcde 1 QB v;a 3 :net;;I w;re 1 Q; :iear the cer;ter 0f ·the B\;_;b 1 QJ. ::, dcne 

Tho;: ''s~:..;b" iri t1~:e ~echi-:1c3I f;e!d cf -2!ec~ror:i,:s :3 el gen-2i-~I ~erm for el-2ctric wires wi~h cn-2 end c,:1Pnected mid ~he ot1~:er er.d i~:ot cor:r.e-:ted er coiT:ec~ed t•:1 the grct.:nd, 

;::wJ is used fo; ;::dj:jSlt::e:1t, mef!.summe::1, lrr:pedc1:1cf: t"'::81d1:ng, ri:tt:rs, ~:.c. Pm,dd~d o:: the wciy. 

n,~ !ength <..:f thP- stub·: D'.3 is ,1bo::'~ c1 f;r,1!f w;::ve!er:gth of '~he f;lgh freque;;cy :::ig::8!, ;'.':nd th~ sig:1;::! :i:1~ ·1 Di~ e1;;d lhe st:_;b ·1 D:: ci;e for;~1~d by r.1 miue.s:_;:p !:ne, ;'.': cop!~::f!: 

:in~, cc the like on ,he ;:,1·;i-,ted c;;·cui, bc3cd 101. When the le;·,e;th ot ,he stub 103 ;s 3 ho:f wa,elen,;ic:·, and the tip is short-circu;t~d, the vclt3g~ a01pl;tude oi ,he stm,ding 

'N;'.':Vt:' gener;:::_HJ in th~ s'~d: 10:3 bec;._1;~1~s O e1:. :_f;t; ·:ip ;__1f the s-:d:, r.1r1d from the ce::'~er ef the s-::jb, :_f;r,1t is, fror~; thf: '~ip of tf;t; s1L:b 10:3. :,~ i.s rr:,1xi;~1:_;r~; ~-: ;'.': q:_;r.1rter 

-..v:.::ve!er:gth (:.:ee HG. 12). By c-:.1:;pectin9 t~;e ccup!ing electr0de 108 Y11;t~1 the rr:eta! wi:e: !Jl a11he e:er:te: -:.1f t~V:- st:..;b 103 h:.::v;ng the 171;;xirr:u:11 i.r0:tage arnp:itud.::-, a ~;1uh­

fre,:;'.:ency couph":r 1Nlth gl:nd prcpa~r:t:nn efflf..ier:cy" can be rr:ark-:. 

Si::ce thP- i:11pHfa::ce r~;,11ehin9 sectio;; is ;__-:<..:rr:vJsed <..:f r.1s1L:b103.1he1t ls,;:: distributed !";{:nst;::r:t eircu::. crJmrx:sed rJf ;'.': 11:icr<..:slrlp !i;;t; or;'.': ;__-:<..:p!;'.':nc1:· w~v~guide or: lhe 

::11·inted ci1·-:u:~ bc,3rd 101, ui~:1fo1·i-:1 chara,:t,;:1·im:cs car: ti-2 obrn:n-2d ovei· ~ wid,;: b3r.d. Therefore, t1~:e ccrr.rr.ui~:1c3~:cn syst-2P": shewn :r. ;=!G. Ori t1~:e mher h~Pd, it 1s pcss:b!e 

to app!y a freque:-:cy :,pread rr.Gd'.:!at:or: :,cherr:e s:..ich t:s osss (Direc~ Seq:Jt:nce s~xf:ad Spef .. t:":vn} :":lld OF-DM {O:-~hC[-!fJnt:! Freq:ff:ncy o:v:s:l:1: M:...:!tio:exin9). The stu~J 

1U~1 ;s a :ncrGstrip !;peer a •:Gp!an::i~ w:.::vefJLlide on ·the p~;pted ci~o.,;it board 101, a:vJ s:r:c.::- its d;r.::-e:·t cu:re:1t ~es:s1a:v:e is srn:.::!!, ·there ;s :iu!e !0ss eve:; for a hi9~1-

t:,eq:...:ency :,igno!, ar:d (J:"fJ(J:":gm:or. !oss bf-:tvveen high-frequf-:1:ey cn:..ip:e:-r, eor. ~Jf: :'ed:...:cfa!. 
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s,,-,ce the siz~ of the s,u::, 103 c,:,ps,i,u,ing th~ dist0 io;;,~d ccns,,;pt circu't is'"' large EJS 30,:,;;1 a half W3Y~length ,:,f" high-freq;;ency sign;;!, the ,Jimens,onal ~1-,-0,- d;;e m 

;~vrn:jfoc1L:ring tc!~t·~nc:~s is 1re:·y S::1;'.':!l C!)::lfn~red :.o thf: {:vt:r8!! lt:r1g-:h, r~S:j:1ing ir1 \1Qri,1i10::s In c:h8rQCIP-ris1i,::s. H8IP.fu!. 

r:G. 1 :3 shews c1 CGrflfJ;'.':t·:so;; Gf fmq:ffm;__-:y c:h;::rne:~r:stk-:s of H:e f;lgh-fr~qL:e;;cy ;..-:Guf .. der wh~n the i::1pe;__far:e~ rne1~;__-:hir1g u;;f t :s ;..-:<;rr:p!"Jsed cf r.1 :L::·np~d :;c:nB:.;::r:t :;irc:u::. 

3nd u distriti;_jto;:d ccnst~nt circuit. H:1wever, th-2 high-frequ,;:ncy co:.ip!-21· 111 wi~11ch th-2 imped~:vice rr.,3t,:i~i1ng uriit is ,:i:::,ptig:..;red i?/ 3 ;u1Tiped ,:i:::,psrnr.t circ:.i:-::, ~s sh•:1wr: ii~i FlG. 

14, c1 CG:jp!i;;g ~!ec:.rodt: :s dlspes~d ;'.':'~ the :.:p !)f ·:he Blg:1;'.':! :i:1e pQ:.~er;; G:1 H:e pr:r:IP.d c::rcu:·: l""x:c1:·d i/ifl e1 rr:P.·:~: wi:e, Qnd H:e :~ig::81 i:::e ::. Is clBS:jmed ~hQt 8 pc1:·c1HP.: 

;r,duc\c, c,;_;rr,ponen\ ,:, moL:n\ed at the tip ;_;f ,be pa\\ern, and the other end ;_;f tbe para:le: ;r,rJuctor is eonneded to a gr;_;ur,d ccir1duct:x ·through;; through ,i;_,le in ,>ie 

~x:11ted ci1·cu:-:: beard. Mt11'f~O'lf::~ ar, sho'1✓1: :~ r-:G. ·i 5, the high freq:ff:1:cy cn:..1p!e:- \.Vhict: co~prir,f:d -::he i1:~:pedor.rx: nia-::chi:~:g port w:tt: the dl:;t1·:buted c•,Y:sta~-:: ci1·cu:-:: hr:1:, a 

meted wire 1r1 fr:e •:errter cf the stub formed.;_;;; the printed e:ircu:t bGaid and hav:;;g a !er;uth of a ~v;!f Y11a-,,re!e;;gth. :tis asSUi7V:-d "d-131 a crxjp!i;;g e!e•:tr•Jde is prc;vided and 

,he otub is connec,~d ,o ,he 91-,:,;;nd ccnduc,or 3, ,he tq:, the reef th 0cug:-, a ,hrough hole ,p the pcin,~,J circu't bo3rd. It ,s a sou med th;;, each :-,1gh frequ~,-,cy coup:ec ,s 

Qdj::sted so 1hc1t ~h~ !"JfJernti:1g fr~quenc:y :.s 8rGu:1d J .B GH? .. ·: 4 ;'.':t:d 15, c1 f;lgh frequer:ey :~ig::8! Is tt·;'.':nBr~;I ttHJ f:G:n ·:he port 1 :_c; lhe p;J:·'~ ~: by '~he r~;le:rJstt·:p Hne, 8WJ ee1ch 

;-dgh frequepcy ,:o:.ip!ei· is disposed ;p the midcHe cf the rnicrostrip ;ine. :;~:e treq:..;eri,:y ci~:elrac-::eristi,: :s 1~:1eastxed els 3 ti·::v:sfor ch::F~cteristic fr-:F:1 port: to per-:: 2 :F:1J the 

:Y:s:..1:t I:; shc111111 in ;:iG. 

s:w;e ~h~ high-freq:_;t:ncy eo::p!~r c~:: b~ rP-g;'.':t·ded 88 f!:1 GpP.:: e;;d wh~r: :,~ iB wJ: ceup!P.d 1Nllh (/~he:· h:gh-frP-q::e:1cy c:o:_;p!et·s, thP- high-fr~quenc:y sigr:,1! i:1put fror~; thP- pe:·'~ 

1 is n,:,, suppl;ed ,o the high·frequff,cy coup:ec bet is trsns1-,-,itted ,o th~ port '.2 as ,tis. :h~refore, ,,-, the vicinity ot 3.8 GHz, whic:-, is th~ operating fl-~quency oi ,he :-,1gh 

frP-q::e:1cy ;..-:oup!et~ the prq1e1g8tl!°J:1 !;y~s S 21 rep;e:~f:::'~ing :_f;t; sig;;8! i:1~er:si'~y :_;e1;;smi'c:ec: fr{:t:: the fYJ:t ·! ·:o the per~ '2 :s e1 !~t·ge i/~:L:e l:1 e:~hH high freq:_;t::1cy eo::p!~r. 

~owever, in -::he ,:m:e ofth-:: high fre-::uency ccL:pkr shc'.<Vll :r: ;=!G. ':4, the va!~e ot S 71 is gre;:.:-:::y red:.iced at 3 frequepcy devi:3t;pg bac~ ;:.:r:d fcr-::h fro~ the opern-::ing 

freq;;ency band cen,ered ,:,;-, the cp~1-,;t111g ireque,-,cy. Thm is, i, c;;p be sEJid ,h3t th~ high-frequrncy cocpl~1- ,:.permes eff~ctivdy ,,-, a wide b3,-,,1 by coni:gu 0ing the 

:11:pedance ~1atc~1:1:g unit w:th a distr:buted co~r,ta:~:t c:rcuit. 

!:: the v:c::r:ily ;Jf th~ eente; of ~f;t; s1L:b 10:3, the <.XJ::p!:r:g e!ectro(fo-: OH :s c:;J:1r:P.r/~ed i/i;'.': the rr:P.·:~: w::e 1 Cl!, ;'.':tKi It :s p;ef~rnb!e 1he1:. :_f;t; me18l '✓,tire :s c:;_1;;r:P.r/~ed Q:. thf: 

~pproxim~t,;: centei· ,:if ti~:e ccu::1;ing e;ec-::rode 108. This is beca:..;se, by co~r:e-:t1ng 3 ;~:1gh-freqL:e1~:cy trnri::rnission :iri,;: to -::he ,:en-::er cf -::he ,:o:.ip!ii~:q e:e,:ti·,:1de, c;__ffi·ept flows 

f:ven;y In the eh":ct:\1de, and unnf:ces:,a:·y radio 1NtNes a1·f: no-:: emitted i~ the c:i:·ecticn s:..1bst,v:t:a!:y pe:--pendic:..1:ar tc t~1f: e!ect1·ode surfacf: i~ fro~-:: cf thf: elect:cdf: {see 

elG. 1 t,,\). ~;_1r example, ii;, high-frequ~r,cy ,r;;r;smis::i0n 1,r;e is e0nne;_·,erJ 3\ a positicr1 ;_;:foet fr;_,r" the c~r;ter 0f ·the c,;_;upling elec,rcde, an ,_,r;ecL:al current flews ir1 tbe 

-::er~1:natil:1: ek:ct1·oc:e and l:pe:--a-::es !ike a ~1:c:c:,t:·i~~) a~-::er.nt:, rodlt:t:1:g unnf:ces:,a1y radio 1NtNes. (Sf:f: r:G. : 6B) 

A!sc, In -::he f:eld cf :ad:n wave f .. 01:~:1:~:un:catil:1:, a:; shc111111 in ;:iG. 17, a "capacitance ;l:aded tyr1e'' or.ten:~:a :s w:de;y k:~:l:v,;r. :1: w~1:ch a :~netal i:, attached h: the tio l:f an 

;:,:nte;;r;a e!err;en·t ·to prcv1de a capac:t;;n:::::e, a::d the heifflt •A t~;e ;:.:r:1e1v;a is ,3h0rtened. f'...t ~kst u!;:.:r:c.::-, the stn..:r..::·tLlre i:.: sirr::iar tG fr1e .;_-:c;up:er .shGYllil 1r1 ~!G. Here, t~;e 

difference between thf: couph":r used 111 -::he t:an:;celv·e:-- :n t~1:s e:n\·--;odlrne~-:: and the ca~~)ac:ty !oaded a11te~r.a w:!! be de:;c:--:bed. 

Tt:e caot:c:-:::vf:!y ;l:aded t:1:ten~a :,l:n\ri1:1 l11 F!G. ·17 1·t:dio-::er, 1·ad:o wave:;:~ thf: d::--ecti(V:s 8 1 and B 2 a:--o:..;r.d t~1f: :·ad:atl:~:g e!e:~:lf:llt ot the a:~:tf:11no, but the .4 di:"fa':tio~ I:; a 

::u!; point th~t dGes 11-Jt radi;:.:te r~d1G w;;ves_ Wher: the e:e-:.;t;:,: fle!d ge::erated arGLl::d the a::ter:n~ is examined i:: det~1!, t~V:- radiati•J;; e:e-:.;t;:c ·f:e!d atten:..;ated 1n i1r,,rerse 

propcr.::cn tfJ tt:e di:,tt:1:ce frc~ thf: an-::er.na, -::he i1:d:..1ced elect:lf.. fie!d :":ttf:11:..10-::ed :1: :r.-ve:,se o:coo:1ifJ:~: h: the :,c:Lia:,e cf the c:is-::onf..e t1\:11: the a:~:tf:11no, and -::he cHs-::or.rx: 

frc111 t~1e ;:.:r:1e1v;a 3 /.\:: electr0sta1ic lieki t~l~t decays i11 1nver:.:e propcrticn t-:.1 t~;e pC1.,1;er is 9enern1ed, Since t~;e ir:du•:ed e!ee:·tric f;dd and t~;e e!ectrc;s·ta-tic f;e!d are 

,;t,rnu3,ed ,-,1,:,1-~ rapidly depff,ding o,-, the diotm,ce th,;p ,he ,3;:J,ated elec,ric f1~ld, ,:,;-,ly th~ radiated electcic tield ,s discuss~d in,; norm a: v;ireleos sys,ern, EJnd the 

:nd:_;ced e:w/~::c fi~!d f!:1d thP- e!~el:Gs-:~,~:c: ~':t:k! e1;e Gf:.H1 :gn;_1;ed. -:-herefere, e\1~r: ·:he ;_;8p~citi",.re!y kJ;'.':ded ,1:r:enne1 sh{:v,;r: :n r:G. ·: "i generQ:.~s f!:1 lnd::c:ed e:ec:.r:c ·f:eki 

;:.:nd elll e!-::ctrosrn-:::c f;e!d iri the dire-:t1on A o~t s:r:c-:: :-:: at-::em.i~tes quick!y :~ the a:r, 1t :s :3ctive;y used :n 1·~1Jio comi~:1~Picati-:F:. fa.bsent 

~.:p-::o-::hi:, po:r.t, tt:e ccnf19Lirntio~ cf a high-frequf:1:cy ,.-.n:..1p!e:· '.:Sed i:~: a-:::--ar.r,,.-.e:'H:1· has ~Jf:en de:;c:--:bed 111 on f:!ectric fie:d f,l:uplin9 type :~:l:1:-ccr.taf.t coni~1:..;r.if.atio~ 

sys-:et:: i;; wh:ch ;'.': ;_;<;r~;r~;u:1:c:e1~:Gn di.s~e1;;ce i:~ !:11:i~ed tG ;'.': .sf;Gr~ dls'~;'.':t:G~ ~::cl ;_;<;up!ing Is perfen::ed by e1;; P.:e;_;:_;;_1:~t8nr; fie:fJ o: fin :nd:jc1k1:1 P.!ec:~:·ic fje!d !f the c:;_1:_;p!:ng 

e!-::ctrode is ide3Hy desigr:ed, geri-::rntio~ cf uiT:ecessary r:3d10 W:3ves ca~ be s:..;ppre::sed :3Pd rece::1tio11 of ext-::ri~:a! rad;,:1 w3ves ,:mi be ::11·-::verite1J. This el!sc ~pp!:es to;:,: 

;~18g:1e1ic: DP-kl ;_;<;up:ing type ;;<_;r:-r;{:t:18\.;:_ <.XJ:f1m::nic8il!"J:! .sys'~ern :r: wh:eh c:o:_;p!:ng :s pe:·fot·med by f!:1 lwbc:tio;; rr:~gne~:c fje!d bP.·:weH1 ceupH:1g c:oi!s. 

How~1re:; ::: p;e1cnr;e, ii :s dlfflcuh ~o rfosig;; ~ high-fr~quenc:y ci:-;_;:_;11 S{: e1:~ ·:rJ c:;_1:11p!P.·:e:y s::pp:·e:~s '~he ;Qdi~·:ecl e!P.ctt·:c: ~':t:kt 8WJ evP.:: c1 crJ:n:n::nk;8nrJ:1 dei/ic:e Grlginc1ny 

designed to 1:-e an ~lectric tie:d rnup:ing type ,-,1,;y not ::,e 3bl~ to detect p~,1nor rnis,-:1EJtches 111 ,he circcit o 0 ,h~ ground, ,:-,ere is a problff,-, thm cnn~cess,;ry rndio waves 

Qrt: osc::!!;'.':1ed Gr r~eeivP-d by~ flewi::9 ;_;urrH1I rJ: ·:he nke. 

for t:;rn:11p:t:. :;; the h:gh fmq:jen;_;y c:;_1:_;p!et· sho'✓,t:: :;; i=!G ·i ·i, l:1 {:rcle:· t;._1 Q1rdd :_f;t; e!eclrle fie:d !";{:up:lng be~ween ~f;t; gro::nd cG:1d::c:t;_1:· 1 O:.? ~::cl th~ r;oL:p!:ng e!~elmde 

108 ,;pd m enoure the electric tie:d coup:ing ac,icn with th~ high freq;;ency coupkr on ,he ,-~ceiv~r side, ,he p;-;;-,,~d ci 0c;;1t board 1 Q: is coed . .4 suftk:e,-,, height frcrn th~ 

:~tub -: OJ or: lhe ;_;:rc:ji'~ 11:eu;;:_:r:g su:'ff!c:~ IG ·:he ;_;<;up!ing t:!ec:~:·ed~ ·! Dg c:o;;nected :_f;rough '~he ;~1~t8! 1..vlm ·i O? ;~1:_;sl be ~e1:-:-P.::. Ho1.-v~1re:; if '~he f;t:igh1 from the c::cL:i~ 

;71c;unti::g .surf~ce 1c the e:o:..;p!:r;u e!ectrc;de 108 1s 1cc large, t~V:- met;:.:! ;vi re 101 ccr:necting the prin·ted c:rcLlit b<.":::i;d: 01 and t~;e ccup!i::g electrode 1 C:8 acts as a11 

t:11te~r.a, \111~1:ch i:, un~ef.essa:·y d:..;e tfJ tt:e current fh:win9 tt:1\:Ligh -::he l11sidf:. Rad:c \.Vcl'H:s are f:11:i-::ted 

Fot· ex8:np:e, ~s.s:_;r~;l:1g 1hc1t ~h~ :::put pGwer te ~h~ !";{:L:p!t:r :s 1 OG, c1 :~i·::j;'.':'~ien In wf;leh e1 pGwe; of·: G :s ;e1dl~·:ecl e1:~ ;'.': rnd:G wff,.re GQr: be ;_;<;r:side;ed. /.,s de:~e:ibed 8~YJ11e, 

t~;e radic ·N3'!>: gener~t-:d by the rndi::it-:d e!e•_·tr:c fie!d pr0p;:,:gate:.: farther th;:.:r: th-: s·t;:,:tic e!ectri-:.; lieki ~Pd ·the :r;duced e!ectri.;_; lie!d, sc th::it t~;e ir:flu-:nce .;_;;; the e:::terr;a: 

f:!ectrcnic de-../lce a:~:c: the i:~:f:ue~cf: nn -::he f::-Ger~a! e!ect:cn:c dev-ice :":l"f: large. 

·rherefore, i:: the crJmm::nic,1i1rJ:: .sys1e11: Q<.X;{:t·di:1g tG lhe p:·e:~P.:r: invP-::'~ien, lhe i;~1pwfanc:~ rr:~·:d:i:1g sec:~:Gr: ;'.':t:d ~h~ :P.sene1r:ee Bt:e::{:n of ~h~ high frequP.::c:y !";{:L:p!H 

,;re ccnf19ured by a dis,,-,::,uted co,-,stan, ci,-cuit ,o widen th~ band, and 3 1-,;,Jio WEJVe ,;bsorber io nm prcv1ded ,,-, the h,gh frequency co;;pler. 1,-,,,-0;:iucing,; syotem ,h3t 

:;:..1pprer,:;es thf: exf,t:ange of :"acHo 'N:":ve:,, s:J~~)~Xf:sse:; e!e•.-.t1·•,Ynagne-::ic waves e:~n:ttf:d t1\:11: :'adic:,, and preve:~:t:; advf:rse effect:, on cthe:· f:!ectrcnic de-../lcer, and 

ma!fu1v_·t10ns ,_·aLlsed by extern;:.:! :r;terference r~dio 1.-'-mve.s. 

l-:: :s effoc-:::ve to :.ise el radio w;:,:ve ;:.:bs,:11·0-::r to st.:ppi·ess 3 1·~1Jia-::icn -::!ectric fie:d th:3t propag;:,:tes for m111:3y and has :3 large ii~:f:uer:c-:: be-::w-::en ekc-::ron:c devi,:es. V'/h-::11 -::he 

:":":c:io 'Nave :":bsorber I:; ccn:,lde:--ed a:; o di:;tr:b:..1-::ed f,01:s-::a~t c:1·..-.u:-:: at a high freq:ff:11cy, -::he dls-:::--ibuted se:--:er, res:r,ta:~:ce R (0 / ni} a~d thf: rHstrib:Jtf:c: poro!h-:! 

cc11ducta::ce G (S / 111) play ::i rc;!e cf a~J:.:rxbi::g er;eruy_ He;e, the d1s·tribu1ed series resist::;;;ce R 0Jr;esp0::ds t•J µ '' repre.sen·ti::g t~V:- im3~F;ary part cf the e:omp!ex 

pe:rr.et:bi!ity, and the dl:,t1·ibuted pa:"a;!e! f,l:11d:..;ctance G :s tt:e su:n of s ·, :--eprer,f:llti~g thf: inioglnt:1y pa:-:: cf the conip:ex per~it-::h/lty and the CfJ:~:c:uc-:::v:ty c d:v:ded by thf: 

8ng::!c1:· freq:_;H1r;y f)J. -n:c1~ :s. ::. crJ::P.spe:1d:~ ·:rJ s ·, ~ G / f)J. rhe P.:e;_;:_;;_1;~1Qgne'~ic: "N;'.':'/~ ~bso;b~r is c:or~;pGsed of Q :n~gne~:c k:.s:~ :n~'~et·:c11 h~v:r:g ;'.': c:or~;p!ex dle:ec:_;:c 

constant :.j ", a die:e,:ti·i,: !ass rnmeria! havii~:q a coi~:1::1lex d1e:e,:ti·i,: ccr:st~Pt s ", mid a ,:ond:..;ctivity h~v:ng el ccnd~ctivity a de::1-::ndir:g ,:1P the rr.:3tHiel! cori::tan-:: resp,:11~:sib!e 

frJ: ·:he loss. n,~m ;'.':t·e th:·e~ lype:~ rJf k:.s:~y 11:c1~e;:8!s. 

·rhe :11e1gr:P.·::c: :Gss ~1 "he:e i:~ r;f!UBt:d by the foc:t ~hQ:. thP- sp:r: :P.sp;_1;;sib!e fo; :_f;t; m;'.':9ne:.:1-;'.':'~ien In ·:he ;~1Qgne'~ic: ;~18tt::I~: ::~ de!e1yed :r: ·:he d:,1:1ge of ~h~ high-f:·eq:_;t::1cy 

P':ilgnetic f1e:d, ,:-,e m3gn~1,c rnateci;;I cauoing s;;ch rn3g;-,etic l,:,os hoo a h,gh m3gn~1,c pe0rne;;l:-1lity such EJS ierri,e, :p additi,:,;-,, ,he d1e:ec,,-,c :cso s ,. io caused by the 

fac1 the1~ :_f;t; dip;_1!t: p:0v:d1:1g the die!ectr:c pmpe:·':J' Is de:,1yed fro;~, thP- c:hQr:ge ef the high frequ~w;y t:!ec:~:k Fie!d. i=:j:thP.:, ~ht: !";{:nd:_;clG: !osB G :s gP-:1ernted whe;; ,1 

curre11t ~;m,i119 the s~rr;e pha.se ;:,:s t~;e electric: field flm,v:.: ar:d t~V:- e::er~w of-the e!ec1ror:-:affldlt: 1.-'-mve :s c.;_1;;verted j;;t•J heat j;;cide11t::iBy, ir: th-: high freq:)ency regicn, 

ab:,l:1·~~Jtil:11 due to d:ek:ctrlc kJ:;s cf radio 1N!Nes a:~:c: abr,o:·otio1: d:..;e tfJ co~dtx.to:· ;nss :~nt:y nfJt ~£~ dir,ti1:gu:s~1f:d, rv:c: they 1:~:ay ~Jf: cdh-:c-:::•,.tf:!y df:fmed a:; d:e;ec-:::--ic !ossc ,4;, 
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Here, rad:c vva'lf:s- ore vva'lf:s- :n \.Vhict: "elect:!-:. tiekJ waves" ond ":nt:g11e-:::c f:eld wave:;'' a:,e Sf:C\Lie:n:-:::a!:y tran:,1·-r:ltted -::hrourt1 tt:e oi:. Electric fie:d \.Vcl'H:s- and 1·-r:agnetif.. 

f;e!d vvave:.: :r:1era•:t !:k-e a c~v;1r1 and rr;air:t3i11 an crthogcnal re:ati.;..111:.:hip. Prc,:.::.::-ed i11 the dire,:.::t:fJn cf-.,'!'ave t~~r,,re! (.see HG5. 21' and 2H). r~;at is, s:r:c.::- a rad:c; wcr,,re i.s 

~cccrr.p:F:1ed by bc-::h :F: e:e,:ti·i,: tiek:J wave and u r:-,3gn-2tic tiek:J W3Ve, ,:1P!y ,:11~:e of-::he W3';.::s is s:..;ppressed, and the other Wrllve ;::; sigi~:1tkant!y at::em.i~t-::d, so thcr:: -::he 

pt·opclfF:::.:Gn c:ci;; b~ .s:_;pp:P.ssed. 

~;lagn-et:c :c.s:.: materials CCFl abscrb rad:fJ w::ives by !•J:.:ir:g 111::igr;e·tic f;dd \<1ioseB ar:d d:srup·tir:g t~V:-ir ir:1ern,:.::t:c;n w:th e!e•:tr:c ·f:e!d waves, b:Jt fr1ey do r:ct ::iffe•:t e:e.;::t~:•: 

f;e!ds s:.ich ~s e!-::ctros-::a-::ic ~Pd im:h1ctior: f1-2!ds. !tis dcn-2. Therefore, in the present ,;:p-:bodir:--:ent, as th-:: radic wav-:: absorbH, 3 i-n~qne-::ic ;oss i-n~t-::ria: th:3t i-nelin:y 

;'.":bBGrbs ;'.":r:d Qt:.~n:j;'.":'~es :_f;t; ::18g:1~:.le fie:d is di spc:sed ir: the 1(ic:ni·:y of th~ :;c:up:f ng e!H;-:rrxfo ;Jf the high f:·eq:_;t:r1cy eo::p!~r. Fc:r e-..;,1rnp!e, ;'.": rnc1gr:P.ilc :11e1t~r:,1! s:_;ch 8-S 

terri-::e c~P be used ,3s the radio \"'13\fe 30::orber. 

The nBgPe-::ic ;oss nBt-::1·1a! di::posed 111-::he vicinity cf the co:.ip!ii-:q e!e-:t1·,:11Je 3bs,:11·;:1s :..;r:'vvan-::ed r,3,:J;o W:31/es qenerated froi-n ti-:e ccu::1ling -2;ec-::rode ~Pd ir:terferen,:e 

WQ1res e:J::1in9 f;;._1:11 :_f;t; o::1s:;_fo ;'.":SQ rP.suh c;f :_f;t; k1s:~ of·:he :11e1gneh--: f':t:!d co;~1prrner:1 efthe P.:e,::t;;._1:11Qgneh--: 'N;'.":'/~. :r: e1ddillor:, r.1HhoL:gh :_f;t; inducn:Jr1 rnc19;;t;II:; field 

3lso suffers :,:.ss, there is no inf:;;ence on ,he ~:ecceic f;eld c,:,;;pling ::,ythe elect0cstot;c fold or induct;on electric f1~:d w;t:~, the h;gh frequency co;;pler en the 

cc:n:n:J1:icati:Jn pa:--t1:e:-- sidf:. Therefcre, i:---: th:: e:e: .. t:-ic tie!d co:.ipk:g typ:: 1:on-ccntact ccr:--:r:--:un:ca::icn :;yste:~n as r,t:CN'fr. :1: r:G. :, it is ~~)l!Ssi~fa: -::o S'.~ppress t~1e ir.fhff:1:ee 

•A unnec.::-ssa:y radio wave ernisB1Gn and exte:r:al ir:terferen-:.::e radic 'N3V>:s, ;;r;d 31 the same t:i7V:-, st::ib!e dat::i by e!ectric f;e!d c•J:)p!ir:g •A an e!ectrc;s·ta-tic f;e!d at;; shcn 

dls~or.rx:. Tror.r,:~nlssi•,Y: eon ~)e perfo:--n12dc 

As 8 :rnJdlFi:;8Lk1;; Gf the 8bo·,.re, In 8 :11Qgnefa--: ~":t:!d coup!:r:g type no;;-eor:'~;'.":C1 cGrr:rr::jr:icQ:.IGr1 sys-:et:: i;; wh:ch '~he t:·c1;;srni":le: / rP.:;e:·,.ret· inchKfos ,1 cei: U)L:p!~d by r.1r1 

:nd:..;cti,:.v; magr:eti•: fle!d and pe~fcr::1s ;;c;n-ccnta,:.::t co::1::1:..;r:i•:atior: at;; shcn di0t;;r;ce LY{ rr:aff1d1e: c.;.1:)p!:r:g, the c-:.1:)p!:r:g •:Gi: i:.: a didectric !Gss, His .;_;c;r;e:eivab:e t•J 

:":IT:":1:gz it :1:sirk: l!I' nn ~he :;u:-faee !"Jf th:: 11:a::zriaL 

As 8!:'eQdy :11er:nGr1ed, rwh: w,1ves ;'.":t·e w~ves in i.'\1hicf; ''P.!ect:·ic fle!d '.f.ff!Vt:s" ;'.":tKi ":11Qgnefa--: ~":t:!d vv,1,1e:~" 8rf: sequP.r:'~ic1ny 1rnnBr~;lnwJ '~ht·oL:gh :_f;t; ;'.":i: HewP.ver, dielectt·ic 

kJss ;71;;ter1a:s kJse e!ectric f;e!d vvave:.: 3r:d :r;teract with rr:aff1d1e: fiekJ w::ives_ By di0r:)pt1ng the ae:·ticr:, radic waves ca:1 be at.10c;rbed, ~Jut i·t is considered tha1 :11c19r;e·tic 

f;t:!ds s:.ich t:s ind'.~czd rr.a~metic fo":!ds a:-:: 110-:: oftzcted. Thzrefore, a die;ec~:--ic k!ss :natNia! ~hat :nt:l11!y abscrbr, and atten:E:tes the t:!ect:i: .. fiz!d :s di:,pnsed t:s a :adln 

vvove obr,o:tJf:r in ~he vic::~:lty cf th:: eo:..:p!:1:g cc:; of thz high t:·eq:..:ency CO'.~p!er. ;:l!I' ex,vn~~J!e. :": resin s:.ich :":s uretha:~:e toa:---:1 c: :,ty:·e:---:e :1:~:preg:---:ated with ca:tH.1n ca:~: bz 

::s~d ~s th~ r,1die 'N~,,.~ ~bs;..1:ber 

r~;e dielectric lc;ss 111::it.::r:a! di:.:pGsed 1r1 ·the 1,rici:1:ty cf the coLlp!:;;g sci!, the dectric ne!d .;_;c;rr;pGnent -:.1f t~V:- e:e-:.;t~•Ji7lQfJnetic wave 3s a resuh c;f bss, ir:te:fere:v:e w;;ves 

cnn1ir.[-1 frcrr. '.~1:v,;ant::d :·adic 11Vcl'H:s or extf:ri:a! r-1:::~:e:·mzd ~Ji ccuoHng col! ir, abscrbed. !n additlnn. t:!tho:.igh a1: 2!ect1·:c f:e!d s:..:c~1 as an e!ect:c:,tt:tle Tie;c: or or. :1:d:.icticn 

·f:e!d a:s-:.1 sLlffers a kJss, there iB no i:1f:uer:ce c;n fr1e :11;;gne·tic f;e!d c•Jup!:r:g tiythe 1nd:..;cti•J;; rnagr:et:•: fle!d with t~V:- hiffl f~equer:cy ccup!er Gn the cGrnrnLlr:i-:.;at1on 

par-:::---:er side. Th-::1·-::fo1·-::, in the r:--:agn-::t1c f1-2;d ccup;1ng ty::1e :---:cn-,:ontac-:: coi-:1i-:1:..iPic,3ti•:1i-: sy::terr:, it 1s pcssib!e to st.:ppre::s -::he mtl:..;en,:e of t.:nn-::cessmy radi,:1 w,3ve 

;Qdi~'~i{:n Qr:d ex:.~r;;r,1! i:1terfe;e;;ee rnd:c wcli.'es, ~r:d e1t :_f;t; sc1:11~ llrne, pP-rfcr;~1 s-:~b!e (fal8 '~:~r:s;~1:ssi;..1;; by :11Qgnefa--: ~":t:!d coup!:r:g of lwbctio;; rr:~gr:et:c flekh ~,~ 8 :~h!°Jr:. 

d1srnr:c-::. 

Hereii-:elft-::1~ ,3 ,:ase where el rn3gn-2tic :cs:: n-13-::eri,3! is :3::1p!:ed t•:1 el ccup;ing e;ec-::rode of~ high-frequ-::ncy co:..;p!H foi· ::1erfoi·m1Pg e!-2ctric fie;1::; ccup!mg -::-;::1e :---:cr:--:i:,ptelc-:: 

cGrnrfl:jr:k-:r.1tl!°Jr1 v,;i!: b~ des;__-:r:bP.d c1B ,1 specifa--: t:Xiin:p!t:. 

f-'.;G. 18 shcvvs a cGn·f:gu:at:•JP ex::;;71p!e i:1 whi•:h 3 111::igr;e·tic !c;ss 111::iter:a! iB arranged :n ·the vici:1:ty cf the •:GLlp!i;;g e:e-:.;t~•Jde of ·the ~1:uh freque;;cy .;_;c;up!er BhGwn :n ~!G. 

As si-:owr: ;p -::he figure, by ccvering th-2 co:..;pliPg e!-2ctro1Je, th-:: rnern! wire, and the 1·-::sor:,3n,:e par-:: with 3 m:3gpe-::ic !oss m:3tHiel!, it is po::sib!-:: to sup::11·-::ss th-2 int1t.:ei-:ce cf 

:_;nr1ecessmy rndio vv,1,1e rQd/;'.":'~ien r.1wJ ex:.Hr:,1! ii;._1:se. 

Here, tbe cuc,e;,, ::owi;,g through the eocpl;r,9 electrode ,vii: c1e exa;11;r,ed i;, rfotail Whee the eente, cii ,:k ccL:plir,g el~etrode i,, ccm~cted \c the rescn,.,;,ce po'\ 

cc:nooszd cf th:: s-:::.ib thrcu9t: thz rr.eta; wi:"::, or, sho'N:~: i:---: FlG. ·i 9, ~he cu:Ten-:: A or.d tt:e current :1 :":l"f: oppcr,:te -::o each o-::her i:~: the cute:· ~~)erlphern! di:--zcti:Jn fr•,Yn the 

cP.r:'~er ef the e:J::p!:r:g e!ectrG(fo. Hows. Tf;P. :;'.":di;..1 Wf!Vt:s ger:P.r~·:ed by ·:he ;__-:urr~nls /"\ find B 8rf: iik~G oppesltt: ·::J ee1ch (/~he:· e1;;d :;8tK-:t:! ee1ch {:'~he:; se thQ:. r::J :;'.":di;..1 Wf!Vt:s 

,;re en,itted. On the c,hec h,;nd,,; ccrrent C flcv;s thrcug:-, the n,et3: wi 0e cocnect;ng ,he coup:ing e:ect;·ode 3nd the rescnonce p1·t tov;ard ,he coupline; e:ect;·ode, r,o 

cu:re:1t f:cws In ·:he oppGsi1e dlrw/~i{:n t;._1 :_f;is c:_;r;er:t C. ·rh;'.":'~ iB, '~he curmrr: G f:01,,v:ng '~hmL:gh :_f;t; me18l wire Is r:et ;__-:r,1w;e!~d ;'.":r:d c8:jse:~ ::r:necP.ssQry :;'.":di;..1 Wf!Vt:s. 

O;; lhe ethe; f;,1r1d, In ·:he p;eser:1 e;~1bcdi::1en1, ,1s sf;cwn :r: F!G. -:H, ~ t::c19;;t;n:; k1:~s t::c11e;:Q1 is dlspes~d se QS ·:o C\.1i.'et· '~he ;~1t:tr.1! 1,,vlm. e1;;d ~ n:c1g;;t;llc ~~kJ 1,,vQ1re 

generated els ,3 ,:urren-:: pas::es thi·ough the go;1::; !css wii·-2. fa.s 3 re::uh, th-:: ger:e;·:3t;op ot r3dio waves c~P be suppressed. 

As a n1odifl: .. atio:---: cf th:: high freq:ff:11cy co:..:p!N show:~: i:n: Fl Ge ·18, ar, shc 11✓1: ir. r-;G. ?..G, the 1:~:agneti: .. !osr, 1:~:ate:--io! :~nt:y b:: rerno'H:d fro1:~: the s:J:"frKe ot -::he !",l!Up:in9 

~!ectr{:de l\s described wi·:h refo:·e;;ce h: r:c:. 19, whP-r: jolnir:9 i.'\1i'~h c1 r~;t:18! wlrP- 81 the eer:te:· ;__1f th~ !";{:L:pHng e!~e:mde, c:j:rP-rr:s fl;._1\\1ir:g th;o:_;gh ·:he ccup:i:1g P.!e;__-:t;;._1d~ 

,:a:---:ce; e3c;-: other and PD radio W3Ve is generated (::ee F!G. 16A). :;-:ere is no :---:e-21::; to cc:3t wi-::h :3 p-:ag:---:eti•: !ass p-:ateri3L Further, ~cccrding to st.:ci-: a conf;qura::ior:, the 

diB:.Qr:ee b~:wee:1 thP- '~wo e:J::p!:r:g e!ectrG(fos for cor~;r~;unice1t:or: :;fen bf: f:j:the: :edlK':HJ. e1;;d lhe ;__-:or~;r~;ur1ice1t:cr: q::8nty ce1;; be i;~1proved by in;__-:r~,1si:1g thP- e!~e:ri:; field 

stren9t~1 

FiG, 2' shows anmhec wntigcraticn ex3mp:e oi ,he :~,1gh-irequency coupler i;-, wh;ch 3 moe;ne,ic :,:.ss mote1·;al is dispooed in the y;cicity of the c,:,;;pling electrcde. In ,he 

drnwir1g, r.1 s; ✓--!~r:gth stub r.1s 8 ;ewJr1;'.":tK-:t: p;'.":t--: is fo;:11ed :Jr1 c1 pr:r:tP.d drcui·: l'"x:c1:·d QS 8 p;:;;:_ p~·:1P.:r1, Qr:d ;'.": ;__-:or:d:jch:r p:;; ,1s e1 rr:P.1~: wi:e p:·ett·::de:~ frcr~; ~ subs1,1r:'~iflny 

ce;,,,;;I aar·t ·therecif. c,n ,:k ,,-ther ho;,rJ, the box rnode of magne,;e lcBs materio: has;; depth ,,ubstanti;;lly ~qual \ci ,"e he;gbt of the p;;', a;vJ a ccu;)ing e:ectr0de ;s 

to:--n12d en the bct~or:--: :,Lirfoce ~hereof ~)y p!:":t:119 er ~he !ike. f.\,ttach -::hi;, bnx :'?l! tha:: it i:; joinfa! to -::he ~~J:"i1:ted ci:"Giit board at tt:e ed9:: nf thz co::1:ing ( er tKco:---:1:---:10date tt:e 

pin in:.:ide the box), and a1t3c~; so that t~V:- tip cf the pin at.1:)t:.: at the ;;pprGxi:11::it.::- cente~ •A t~;e ccupl1ng electrode. Deter:nr;e the pc;siticn, The bc:::-shaped rnagr:et:c :cs:.: 

i-:1elteria: is rnot.:nted on -::he ::11T:ted cii·,:uit beard tiy a wo-:ess s:.ich ~s ref:cvv sdd-::ring. 

,\s shm11m ir: HC:. ??, fo: exr.1rr:p!e, ,1 t::8g:1~ne k1Bs t::8te:·ie1I h;'.":vlng fin r.1pp::Jp:i;'.":1e f;t:igh1 i;; ,1 qL:c1d;Qr:g:j:f!:· p;i:~rr: shc1pt: is provided with Q lhrG:jgh holP. '~o be ir1se;1ed l\ 

ccnduc,iv~ IT,merial 1s formed o;-, the ,cp ourf,;ce cf th~ magnetic loss 1T,ateri3I ,;nd ,he ;nner peci;:,hery cf th~ through ho:e by a proceos such as V3PC' depositio;~,. The 

ccndLie-::i'H: pa::tz:--n en t~1f: :.ippe:· :;u:-ft:ez fcr:---:1s :": eoup!:119 ek:ctn.1d2. tt:e ccnd'.~ctive pa:i attached tl! thz in:~:e:· perip~1f:1y of ~he t~1:"!°J'.~gh hck: eor:·zsp:J:~:c:s ~o a 1:~:eta! wl:·e 

fo~ :.:upp!y1ng c:)r:e;;t, 3nd t~;e ccnd:)ctive part at ·the !c;wer e;;rJ of ·the HFcugh ho!e 1s a •:Gnr:ect:c;r; ·terrnir:a! fc;r a res-:.1:1;;nce p;;rt ;71;;de cf a :.:tub. 11 t.1eco::1es, !3irni!a: t-:.1 

tt:e obc-../c:_ at. I :?.-!en9tt: s-:::.ib a:; a rer,01:ance pa:·t is fcr:---:1ed 01: thz p:intfa! ci:c:Jlt boo rd 1:1:, a print ~~Jattf:rl:, and the pc:,ltlon cf the 1:~:agneti: .. !osr, 1:~:ate:--io! :s dete:·:n::~:ed 

;'.":tKi r.1t:.Qehed :~G ·:h;'.":11he <.XJr:r:e;__-::_:rrn '~et·::1ine1: ~bL:1s s:jbs1c1:1t:r.1!!y r.1t lhe cH1IP-r. rhe rr:,1gr:e1k-: !osB rr:,11e:i8! Is t::eu:1ted :Jr: the prlnlP-d c:rcui'~ bee1;d by c1 prccesB s::d1 r.1s 

ref:cw sdd-::ring. FuiihH, as shcwP ir: F;G. 23, the p-:elgneti•: !ass p-:elteri3! ,:an be foi·m-21::; i:---: :3 ho!:cw sh,3::1-::. 

A!tho:..:gh t~1f: 2!ect1·:c f:e!d eoup!:1:g -::'/Of: no:n:-c•,Y:t:":Gt ccrr.:n:v:leo~icn syr,t::1:~: hos ~Jez:---: :foscribed abo'lf:, ~he f:ffoct ot-::he :nag1:e-::ic ;l!SS :natf:1·:a! en tt:e ek:ct1\x!e ~hat 

pe:frm:1s elP.ctt·ic ~":t:!d coupling Is '~he s~::1e e1:~ ·:he ;__-:cup!ing <.XJi! thQ:. pP-:fcrr~;s ::18g:1~:.:e fie:d !";{:L:pHng i:1 :_f;t; ::18g:1~:.:e fie:d !";{:L:pHng '~yp~ r1or:-;__-:or:tr.1e: c;._1:11:11:_;r:i:;8Lk1;; 

sys-::er:--:. This is sir:--:i!~1· to the effe,:t !:,rough-:: about by th-2 1Jie!-2-:t1·1c !css rn3teri:3;_ Therefcre, as shown 111 F!G. 24, even wi-:en -::he ,:o:.ip!ii-:q cci! 1s c,:1vered wi-::h :3 1Jie!e-:t1·1c 
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:css r:-,3-::eri,3;, -::he -::!ectrcrr.,3g1~1etic Viav-2 ger:er,3ted fr,:1i~n the WIIY:!es:: device;::; prevented from ,3dverse!y affectii~iq o-::her ek:c-::ron:c c;evi,:es, mid -::he i~nu!functiori c;ue tc tho;: 

•.:\~(~er::81 b:et·fP-renc:~ rwh: w~ve is p;evented Cr.1n be pr~1ren1ed 

~;o fot: ~ t::e,::h,1r1is;~1 for :_;e1;;s::1i'c::ng :~ig::ck~ behw:P.:: c1 p,1ir of higf; fr~q:ff!nc:y c:eup!P.rs i;; thP- e!~e:ri:; field ceupVir1g typP- ntrn-cGnl,1c1 c:o;~,r~;un:cc1~:or: sy:~tt:rn shoi.'\1:: i;; 

:=:!G. 1 ;-ius be,;:n des-:ribed. ~ere, vvh'::P 3 sig:13! is -::rar:smitt-2c:; be-::w,;:en tw•:1 devices, er:ergy transfer;::; :r.evirnb!y :r.vo!ved. Therefore, this type cf coi~ni~n;_jpic,3ti•:11~1 sy::tern 

c,1:: be ,1pp!ied IG pcN•it":r lr,1r1srr:i:~sic:n. t....2- des;__-:r:bP.d c1bo·,.re, :_f;t": e!eclrlc fie:d E FZ gP-r1ern1ed by the !:FG ~r:1en;;r,1 !"Jf·:he trn:i:~rr:inP-r is th~ ~ir p:·epc1gr.1IP.s c1:~ ~ .s:_;rfact": w;;:1re, 

l:n: the mu:,t:-atfa! sy:;ten1, a charge:- cnnnectf:t! tn ar. .4C pcvve:-- SfJ:J:"f..e or.d :": \tiJi:"f:!esr, co:n:1:n:1ur.icatio:n: rk:V:cf: a:,e brcu9t:t cJosf: tc! eact: nther, so ~hat oovver i:, transr.":itted 

;:.:nd ch;:.:rged t•J the '.o\llre!e.s:.: ccmmu:H..::E.:ticn devi.:,::e ir:;;: nor:-c.;_1:;t;;:ct m;:,:r:ner via;;: high-frequ.::-ncy co:..;p!er bui:1 i:1 them. HoY11ever, the high freqLlen.;::y c.;Jup!er is used •JP!y 

tor pG'Nertransr.":i:,s:cr.. 

1Nhen t~1f: :'ece:v:r.r-1 t:igh-freque:-:cy f,l!up:w i:; :n:c~ nf:t:r the ~:--ar.r,:-nitti1:g hi9t:-frfa":Lie:n:ci ccuo:e:: :nfJ:;t nf the pfJvver ino'.it h! the tran:,1:-:itting hi9h-frf:quer.cy cc:J~-J!e:-- :s 

ref:e•:t.::-d ;:.:r:d :.::-t:_:r:;s to the DC/ /!-,C ir:vert.::r side, Radi;:.:tic:1 car: be s:..;pp:e:.:sed. ;r; addit:•JP, .sl1uh·t rndi•J wave rndiat:Gn :ea~ir:g frcr:-: the me·ta! vvire c•Jr;nected tG the 

ce:-:tf:r nf the CfJ'.ip!:r.r-1 dectrcde is a~J:;nrbed bi the rr.a~metic !oss rr.atNia! prc-../ided 1:-: the vic:r.ity of the rr.f:tt:! w:1·f:, ~he:-e~)y further s:J~-)press::-:g the k:aked 1·t:dio wave to 

tf;t": o::·~si:.fo. :-~ becGrr:es possib!t":. Whe:1 pP-rfGrr~;lng ii;._1:1-crJrr:~c:1 poi.'\1er tt·~r:.sr~;lssio;;, s:r:ce the tr;;:nst::i.s:~ior: ;__1utp:_;:_ is ger:f:r~:!y :f!rge; th;;:n ·:he ;__1:_;:_put fYJwer fo; 

-:omm:.ir:i-:c1t1on purpo::es, s:.ippress:or: of ;eaked rad:c vvaves :s pa:-tic:.i:3dy dem:F:c;ing. 

MfJ:"fa!Ver, a:~hcu9t: the exan1p:e vvhif .. t: perton1:s c~1:":rge ~o a :":":t!io I \.v:rek:ss C•,Y:11:-:Lin:cat:01: appa:-at:E wa:; g:-../en in tt:e f:gwe, YfJ:J 11:ay :-nt:ke it pe:,fo1·:-n the r.cn-cnntact 

~!ec:tric pGwe; t;e1;;smis2-IGr1 r:e1 ;__1;;!y1e;;: rwfa.1: wi:·e:t":ss ;~1r.1chine b:J: ·:he ;~1:_;sic p:,1ye; or r.1 dig:te1: !";8rr:e;;;:, frJr ex;;:rr:p!e. 

f-'.;G. 26 shcvvs CFVJt~;er ccr:fi9:_:rat1Gn e:::amp:e :n w~;1eh a comm:..;r:i.;::atior: .system :_:sir:g a high-frequ.::-r;ey coLlp!e: :s applied le p•Jwer 1ran.srr;is.s:Gr;. -rhe :!!:..;.st:ated sy.stem 

:;, co:n:TI[-!U:"f:d tn US!': a hi9~1-frf:-:;Lie:n:ci ccuo!e:, a:n:d a surface VV3'H: transrr.i:;s:cn :ine fer bfJt~1 pnv,;e:- t:-,v:sn1:sr,inn and co:n:1:n:1ur.icatio:n:c 

n,~ llmir:g fo:· pHf;._1;:11:;;g C{1n:n:u;;lc~•~ien r.1wJ p{W'if:r ·:r,1:--:s:11::~sien Is -Si.'\1i'~ched by;;: cot::t::L:n:<..:~·:i{1r: / 1t·~r:.s;~11ssio;; (r~cep1k1:1) :~witd;lr1g .s:gn~! Bt":rr: frGm ·:he 

·trar:.s:nssi.;.111 circu:t unit ~.;_F ex;:,:r:-:p!e, c-:.1:1v71:_:r;icati-:.1:; and p.;_Y,,ver tr;:,:r:-3171:ssi-:.1:; may ~Je si.-1;itehed at a pred.::-t.::-rrr;1ned .;_;yd.::-. J\t this 1::71>:, the pGwe: t:a:;smi.s.s1Gn cutput 

crv: be kf:pt op~:r.":a! by adt!ing the chorgin9 s~me tc t~1f: CCr.":r.":Unicm:cn :;ig:n:a! and feeding brKk ~o the chorgw :,Idec r-,,x exarr.p!e, wher. d:a:,g:r.r-1 is ccrno:eted, tt:e 

:r,forr,,ati0n may be ::ent tc \he eh3rge: Bide, and \he power ,:a:ic:miss:or, OL:lpul "lilY be set le zero. 

j:; the .sys·ter:-: .shGwn :n ·the figure. the charge: :s c-:.1:v;e::-;ted t-:.1 an /.\.C pow.::r SLlpp!y. However, fGr exa:1ipie.1he battery .;_;an be used 1-:.1 distribute pGwe: frcr:-: a:;Gther 

:n:1cbi:e phcnf: tn o rr.G~Ji!e phfJ:-:e witt: a kJ1111 bat~erf :~ r.":ay be :Eed 

n,~ prese;;:_ ir1ver:nGr1 hc1:~ bee:1 (fosc;:bHJ in :.fol,1i: e1bG1re i.'\1i'~h :·efe;er:ce Le :~pec:i~c et::bed:r~;t":rr:s. H(N/~1re:; i'~ is Gb,do:_;s -~h811!K12-t": ski!!ed :n ·:he e1r1 ;__-:r.1n t::8k8 

mcdifi•:atior:.s and .substi·tLl·ticr:.s Gf the e:11t.1•yJ1mer:1 witho:..;t depart:r;u fmm ·the g:st of-the p:eser:t i:r,,rer:ti-:.111 

le the present specif:cmion, the emo-:,dimect 3Pi:,lied to" ccmmun:cmicn syst~:·,1 in which,; UWB signor is dil,il·tmnsmitted by e:ecceic field coupling :r, a c,;bleless 

::1f!n:1H h~s b~P.r: n:c1:rdy :.foscribed, but th~ gist of th~ preser:t lr:\1~r:tl!°Jr1 iB r10-: !i:11::.HJ ·:rJ -~hiB. Fot· exr.1mp:e, lhe p:·e2-t":rr: invf:r:'~i{1n c,1r1 be sit::i!;;:dy c1ppVieC: t;._1 r.1 

cc:11:11ur;ica1i-:.1:1 sy.st.::-m that u.s.::-s a ~;1uh-freque:v:y .s1un;:.:! •Jt~;er thar: the UVl/8 •:rxnmLlr:i-:.;at1on r:-:et~vJd and a comm:..;r:i•:atior: .system t~1;;:t perfGrrr;s data t:a:;smi.s.s1Gn by 

ek:ctric fif::d ccuo:ing !F,ing a :"f:!m:'H:!y !ow frequf::-:cy :;ig:n:aL 

j;; this 2-pP.d~c,1i1rJr:, :_f;t": en:b;._1;._i:rr:f:r:'~ 8ppHed Le;;: cot::t::L:n:<..:~·:ior: 2-yste:11 :_f;r,1t pet·forrr:s ii;._1:1-crJrr:~c:1 ;__-:<;r~;rr:ur1ic:e1t:Gr1 by t":!ect:k Fie!d cG:jp!i;;g be·~w~P-r1 eppo:~ir:9 

e!-::ctrodes ;~:us be-::P rn;:,:iri;y de::c:-:bed. NcvvevH, ~he ti·::v:sm:~-::er / receiver iri-:!udes a cod th;:.:~ co~p!es to un ind~ced m:3•;w:e-:::c fi-::!d, '.ff:d :s p~:ug:n:eti,:u!!y !t c;:,:r: ~!so be 

opoHed tc rnagne~:c-fo":!d-cc:J~-J!ed c•,Y:11:-:Lin:cat:01: sy:;ten1s that ~-)e:'fo1·:-n 1:nn -cent act cor.":r.":unicm:cr. :":t short d:r,ta:-:ces ~)y CfJ'.ip!:r.r-1, a:n:d i:; s~abh": w~1i!e r,'.ippress:1:g 

;;:dve:.s.::- effects •JP o·ther .systems ca:..;.sed by unnecessarJ radio wave:.: ar:d 111;;:!functicn.s e;:.:u.sed by exte:nal ir:terferen-:.;e radic 'N3'!!:"S. Nor:-c-:.1:;t;;:ct ccmmu:1:e;:,:ticn •:ar: 

~£~ :--ea!:?.ed. 

l:-: the pre:,ent spf:cif:cat:01:, the en1bodirnf::-:t in which t~1f: p:--esf::-:t in'H:1:tion i:, appEf:d ~o a :;yste:-n tt:at perton1:s data co:n:1:n:1unicatio:n: ~Jf:tvveen a pai:" of t:igh-freque:-:cy 

•:GLlp!e:.s has ti.::-er: ma:r;!y descrit.1ed. :-:Gweve~. -..vhen a sig:1;;:! is t:;;:r;smitted ~Jdwee:; twc d.::-vic.::-s, :t 1s i:;evitat.1ie. !1 i:.: n;:,:t:..;ra!;y pc.ssib!e tG app!y·thi.s type -:.1f 

cnn1n1:.ir.if .. ation r,ys~err. tfJ ~-)l!l/'fe:" trnn:rn:isr,il!n bef .. ause it in'HJ:ver, energy t1·t:nsfer. 

lr: .sf;Grt, lhe p:·e:~f:rr: invf:r:'~ien h,1s beH1 C:i2-c!osed Ir: the fo;:11 Gf t":xe:11pVifjcc1t:or:, c1:1d thf: C:e:~crip·:i{1n of tf;t": preser:t spedFir;8Lk1:1 sh{1L:!d WJI be :r:tt":rprP-IP.d i:1 8 :i:11::.HJ 

:7mnner. ;r; ordertc d.::-t.::-rrr;1ne the uis1 cf the prese:1t inve:;t:fJn. the da:171:.: stwukJ be ta~er: ::;tG eor:.s:deraticr:, 

elG. 1 :s s d:EJwam illusce3,ing" ccnf19umt1on example -:,f" ncn-wr,tEJc, com:·nur,icstio:·, system cs::·,e; electr·:c fold coupl:r,g by an elecceosrn,ic freld o:· ,;r, induction 

~!ec:tric Fie:d. i=!G :-? is r.1 di89;e1;~1 sh{1'.ovlr1g c1 cGrr~9L::·c11io;; exe1;~1p!e i:1 '✓,thich ~ 1rnn2-r~;lnt":r ~r:C: e1 rw;eiver indude e1 crJ::p!er <.xJmposed rJrl:y Gf e:e;__-::_;;__1:.fos i:1 r.1 

•:rxnmLlr:i-:.;at1on u.s1ng freque:;cie.s 1n the ~Hz or ~vi Hz ba:vJ, ;:.:nd t~;e ccupling p-:.vtic:1 sir:-:p!y ope:ate:.: as ;;: parn!!d p!ate e;:,:pa-:.;1 tGr. . f-'.;G, 3 is a di;:.:gra:11 :!!u.st:at::;g a .state 

in wt:ich a pl\!pagaticn !ass lX:curs dLie ~o reflfa':tio:n: cf a s:gna: ::n: rv: in1peda:-:ce rr.i:rn:atchin9 po:'tinn in a ccuo:ing pc:-~:cn in ccrnrn:v:icatifJn Lisin9 a hi[t1 frfa":Lie:n:ci :r. 

·the GHz ba:;d. ~!G. 4 :s;:,: d:auram .s~vJwing an equ:v;:.:!er;t eircu:t Gf a hig~;-f:equer:cy ccupiing c:r•:ui·t in -..vhi-:.;~; ar: i:71pedar:ce matchi:1g Llr:i1 a:;d a re.s•Jr;ance uni·t are 

ccnf:qured by a lu:·ni:,ed constEJn, ci 0curt elG. 5 :s 3 d:EJgram il:usceming,; srn,e :r, wh:ch ,he electrcd~s ot ,he h:gh -treqcency c-:-upler illusce3,ed :r, elG. 4 "'-~arranged,-:, 

facP. ee1ch (/~he:· i=!G. :).~\is;;: di8g:·c1:11 fo; ~xp!e1:r:ir:9 the chmc1;__-::.H:s-:ic.s Gf thP- high-fr~quer:cy ceup:P.r s!K1wr1 i:1 i=!G 4 8k1;;8. F!G. M! :s ~ d:r.1gr,1m for expl~ir::;;g lhe 

charncte:·:strcs -:,f tr·,e high-fre~uency coupler shcwr, in FIG. 4 alcn~. FiG, 7 A is a di39:·,;1-.-, illustmtrng s stEJte in whic:·, the h:gh tr"equency coupler induces ,;r, el~ctr·:c fie lei 

~)y the f'.i1:c~:or. a:; or. :1:-:pedor.f .. f: ccnv-e:ier, F!G- 7B is o diag:,a:n:1 i!:us~:--m:r.r-1 :": s~o~e :1: w~1ich ~he high frequf:1:cy cn:.ip!e:- i1:d:.ice:; a:n: f::ec~:--:c f:e!d bi the funf .. til!n or, an 

impedance •:Gnverte:_ F!G. U i.s a diagram sh-:.1v1ir:g ar; equh,ra:e:1t circuit •A;;: b;:.:r:dpass fih.::r cor:figu:ed by ;;:r:ar;uir:g the twc ~1:gh-freq:..;e:v:y c•J:_:p!ers .shoY11:1 1n HG. 4 t•J 

tace each ott:e:', F!Gc g is a diagror.": :,hnv,;in9 a:n: e,:;'.iiva!ent ci:"C'.iit of ar. ::-npedor.rx: ccr.-ve:,s:cn circuit f,l!ntigured :":s a :;ingle high-frequf:1:cy cn:.ip!e:-. nG. ! Cl i:; a dit:gran1 

:~how:r:g ~n ~!ec:1r{1t::c19;;8nr; fiekJ ge:1~rntwJ by ,1 t::in:_;:_~ dipd~. F!G.-: 1 :s ~ d:r.1gr~::1 inus·~r~•~ir:g;;: !";{1r:f!9:_;rnnGr1 ex,1mp:e of r.1 high-f:·eq:_;t":r1cy coL:plH using r.1 di.st:ki:_;:_HJ 

constant circcit fer th~ rmped3:·,ce m3tcr·,rng un:, and the r·esocsnce un:t. FIG, 12 is a diogmm illustrnting 3 state in which a s,o:·,dicg ,;av~ is g~r,ermed :r, the s,u::, 103. 

F!G. 13 Is 8 di ,1gr~t:: .sf;Gwi:1g 8 c:;__1:11p;;:rl sor: ;__1f th~ fr~quer:cy c:he1r;;:clP-ris1k-:s of ·:he f;lgh-frP-qL:e:1cy ;__-:oup!er wher: the impetfa;;ce n:c11d;ir1g u:1:t is ;__-:<;r~;pGsed e,f r.1 :L:n:ped 

cc:1:.:tant ci:c:_:1t ar:d a distributed eor:.sta:;t eircu:t F!G. 14 i.s a diagram i!k:strnting a high-frequer;ey •:Gup:e: :r; Y11~1:ch a:11mpeda:v:e r:-:atc~;ing un:t 1s c•J:;nfJLlred LY{ a 

:urnof:d ccn:,tt:nt circ:Jit. r:G. : 5 is o diag:,a:n:1 i!:Lis~:--m:r.r-1 :": h:gh-freq:Jency coupk:1· in 'Nt:ich a:-: ::n:1pedt:1:ce rnatd:i:n:g :v:it :s Cl!nllgured by a t!is~:--:buted constant circuit. 

;:.1G_ 16/\. is;;: diaffa:1111:u.st:at:r;u;:,: .stat.::- ir: ·.,ivhic~1 a hiff1-f:eq:_:ency trnnsr:-:i.ssior: !1r1e i:.: ccr:nected Le the eente: •A t~1>: ccup!ing e!ectrGde. f-'.;G,: 6B is;;: di;:.:gra:11 

:llus,,3,::·,e; a s,o,e ic which" high-frequency tmnsmission l:ne is conn~cted ,c" position hav::·,e; 3n offs~, f:·om ,:·,e center· c.fthe couplicg dectrode, acd '3f1 ucequill 

cu:re:1t f:cws In ·:he cGndu2-l!°Jr1 e!H;-:rrJde. := iG. ·;"'J is r.1 di89:·e1;~1 sh{1'.oVlng c1 cGrr~gL:rntio;; exe1;~1p!e {1f c1 ''cr.1p~c::te1r:ce ki;;:rfod 1yp8'' ~r:-~en:1;;: Ir: which;;: me·~~! :s f!E~chHJ ·:o 

-::he ti::1 of the GritePna e!err:e:n:~ tc give :3 c;:,:p3,:itunce mid ~he ;~:eight cf the an-::er:n:3 is short-::Ped. 18 is 3 1Jiagram showii~:q a c,:1i~:fig:.i:-;:.:~:cn -::xampk :r: vvhich u rn;:,:gnetic 

:cr,s :n:1o~eria: is a:-:-a:-:ged in tt:e 'lici:n:ity nf the CfJ'.ip!:r.r-1 f:!ectrcde l!f the hi9t:-frfa":Lie:n:ci ccuo:e:, shcvvn in :"=!G. nG. 1 ·~ i:; a dit:grarn ttx exo:a::n:in9 rad:c 11Vcl'H::; genNt:ted :n 

t~;e hiffl f:equer:cy ccupier. HG. 20 is a diagram :!!:..;.strati:1g a c-:.1:1f;guratior: exar:-:p!e Gf a high-fr.::-quer:cy ccupier ir: v1hic~1 a maff1>:t1e k1.ss mate:ial is :e:71Gved f:c:11 t~1>: 
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su;fcH.-:~ !"Jf lhe ;..-:oup!:ng t:!ectrede F:G. /..": ::~ ~ d:Qgr,1rn i!:us-:rff:ir:9 Qr:Gther ce:1~:gur,11:or: ex~::1p!e Gf the h:gh-fr~quer:cy ceup!P.r :r: i.'\1hicf; ,1 t::8g:1~ne k1.ss t::81e:·i8! :s 

disposed ,p the ,icin,,y oi ,he coup:ing eiec,,·ock. elG. 22 ,s a d,awan, s:·,owing anmhec wPti~uraticn ex3mp:e oi ,he :·,1gh -iceque,·,cy coupler i,·, wh,ch a moe;Pe,ic :,:.ss 

;~1r.1tt:ri~: :s di.spcsed :;; lhe vle:n:ty of ·:he ;..-:Gup:ing P.!ect:·ed~. F!G. /..J :s ~ d:r.1gr~::1 shG'✓,.iing r.1r1(Y:her cor:Fig::t·~'~ien t:X8rr:p!t: of ·:he :i:gh-frP-q::e:1cy coupler i:1 '✓,thich ~ 

;71ounetic bss rr;ateria: :s ;::rrar:9-ed ir: the v:c:r;i ty -:..1f the e:oup!:r;g e!.::-ctrode. f-'.;G. 24 is Q di;::9rcF11 1!!L:strat:;;g a c•J;;nfJLlr3ticn .::-xarr:p!.::- of;:: 1Nire:e.ss device :n w~;1e:h a 

dlekif..t:"ic :er,:; n1mer:a! is disposed in ~he v:c::~:lty cf a can t~1:":t perh!ITT:s r:13[-!:lf:tlc Tie:c: ccuoH11g_ FlG. ?..5 :s a d:ogra:n :;i1aw:1:g o f..(!1:fig:..:ratic:1 exa:no:e wt:en ~he 

cc:1v11ur;ica1i-:..1:1 sy.st-:m Llsi:;g the h:gh-freqLlen.;::y c-:..1up!er s~vJ-..vr: i:; F!G. 1 i.s app!i-:d to pci.-1;er·transm:::.:s:cn, F!G. 26 i.s a diagram shcvv:r:g ar;Gther cc:1f;g1xatior: -examp!-e 

:n whici~: the c,:11~:11~:1Lm:c,3t;,:1P sy::tem :..;s;pg -::he high ·treq:..;eri,:y cm1p!er si~:owr. ;p F:G. ~ ;::; applied -::o povver-::rar.si~:11ssiori. F:G. 27 ;::; 3 di~gram sh•:1w:r.g el srnte ;p vvhich 

i.'\1he:1 r.1 cu:rent :s p8.ssed th:·eugf; ,1 c:-:..1:1due:o:- sud: ;'.':S ;::r: ;'.':t:1e:1;;r,1, c1 r~;r.1g:-1e1ic: DP-:d :s ge:1~rntwJ mc:u:1d thP- c:-:..1;;due:o:-, r.1n e!eclrle fie:d :s gt::-1ern1ed In c:e:1JU:"1c'~ie:1 '✓,tilh 

ti~:1s, ~Pd 3 m:3qpe-:::c f;e!d is ger.e;·:3to;:c; by ti~:1s ekc-::ric fio::ld. ;=!G. 28 :s el d:,3g;·:3;~:1 shewing ,3 ::telte in whi,:h ar: e;ec-::r:c wavo:: ar:d :3 rnagr:eti•: w,3ve iritH~ct :i~e 3 ,:;~:el:r: ,31~:c; 

~xoceed :11 -::he vva\ff: t1·ave!:11g di:-ectlnn 'Nhile :~nt:ln-::a:r.1:~:g ar: fJ:"~hC[¥V:a! rebti(!1:shio. 
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PTO/A!A/80(07-17) 
,~pproved for ::~e thrt>V8h O:l/11/2021, OMll 0651-0035 

IJ.~. P~teMt ~t1d Trn~enwk Of!ire; U.S. (lEPARTMtNT OF COMMERCE 
l!nd€r the P~perwork Bedutlit>n Ac! oi 199,, no person Is tN)::i;c-,i t◊ ,c,sronrl to~ col!t'ct!on Qf infotrl1Atiurt unl~ss It di1pl,w, a valid 0MB toNtroi number 

( POWER OF ATTORNEY-TO-PROSECUT~-~-~~-:~TIONS-BE_FO-RE-T~E USPTO J 
I hereby revoke all previous powers of attorney given in the ;:1pplicat/on identified in the attached 

statement_under_37_ CFR _3.73(c). __ ...................... .. . .. ___ . 

I hereby appoint: 

Practitioners assorlah'd with Customer Numln:r: 175023 
··1 

i 

OR i 
·------·········-···· --·······················-----------........ ------------··················-············~······i 

·□ I ,:-. __ Pr_a_ct-,t-io_n_e_r(_s_) n_a_m_e_d_oo_1o_w_(lf_m_o_re_t_h._,.an-te_n_p_11_te_n_t~practitioners are to be named. then a customer number must be u,ed): 

I
i ~',.' ------~:n_,~------+---R_e_.g_i5_tr_a_ti-on------< Registration . Number Name Number 

I 

i I l I As att~mev(s) or agent(s) to represent the under.;igned before the United States Patent and Trademark Office (USPTO;-;n connection with 
. any and au patent applications assigned f'!1h'. to the undersigned according to the USPTO assignment records or assignment documents 

attached to this form in accordance with 37 CFR 3-7:J(c), 

Please change the correspondence address for the application identified in th@ attached statement 
under 37 CFR 3.73(c) to: 

~ The address associated with Customer Number: 17 5023 

OR 

□ i Firm or Individual name 

I Address 

j City 
' 
J Country 

I St.ate 

/ Telephone Email 

Asslgnee name and address: iCashe, lnc. 

5331 S. Macadam Ave . .9'251 

I . I Zip 

A copy of this form, together with a statement under 37 CFR 3.73(c} (Form PTO/AIA/96 or equivalent) is required to be 
filed in each application in which this form is used, The statement under 37 CFR 3. 73(c) may be completed by one of the 
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be flied. 

SIGNATURE of Assignee of Record 
ose .signature and title is supplied below is authorized to act on behatf of the assignee. 

Signature Date \ ~ I l • ·1,;;o 7,_., ) 
----- --+----------/ ... --J,-.,;'---'"-"--""--"'"-----------1 

1---N_am_e_S_iv_a _________________ --~~=~-?~~~ o 3, ---] P 4- 7 7.:-0_'r•·----1 

This coUect!on of information is required by 37 CFH 1,31, l.32, ;ind 1.33. The informati()n is reqi.,ired to obt.iln or r~tain a benefit by the public, which Is to llpdate 
(and by the USPTO lo prote,s) the me of a pate~t or reexamination proceeding. Confidentiality is governed !)y 35 u.s.c. 122 and 37 CFR l..11 and 1.14. This 
co!lectlon i; estimated ;o take 18 mfnute5 to wmplet11, in,luding s;;thering, preparing, 3/ld ;ubmitting the wmpletefl appiitation torm to the U:SPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form and/or ~ugge,tions for reducing this burden, should 
be sent to the Chief Information Officer, IJ.S. Patent and Trademark Office, U.S. Department of Cornmerce, P.O. Sox 1450, Alexandria, VA 22313·1450. DO NOT 
SEND FHS OJl COMPLETED FORM$ TO THIS ADDRESS. SEND TO: C(lmllJ/sii<>ner for Patents, />.O. Box 1450, Alexandria, VA 22313-1450, 

If you needussistancelncomplering the form, call 1-800.PT0-9J99vndselect option 2. 
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1 _ r:1.im·· UNITED STATES : >~ PATENT ANO TRADEMARK OFFICE 
PO Bo:< 1450 

Alexand,ia. VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # 
17/021,347 

Title of Invention 

RECEIPT DATE/ TIME 
01/14/2022 07:16:13 PM ET 

MOBILE PHONE WITH MAGNETIC CARD EMULATION 

Application Information 

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

CONFIRMATION# 2310 

PATENT CENTER# 60489060 

CUSTOMER# 35781 

CORRESPONDENCE -
ADDRESS 

ATTORNEY DOCKET# 
18.115.001 US9.10 

PATENT# -

FILED BY Katherine Campbell 

FILING DATE 09/15/2020 

FIRST NAMED Siva G. Narendra 
INVENTOR 

AUTHORIZED BY Usman Mughal 

Documents TOTAL DOCUMENTS: 3 

DOCUMENT PAGES DESCRIPTION 

i 8Pi 1500i US9 __ J 0 ____ CADS.p 10 J.\pp!icat.ion Data Sheet 

df 

Warning: This is not a USPTO supplied ADS fi!!ab!e form. Data in the form cannot be 

autorr1atica!!lf !oaded to other USPTO svslems. ) , 

18P1·15001 US9 ·10 iCashe 

373C.pdt 

Digest 

3 

i 

Assignee showinfJ or ownership 
per 37 CFF{ 3J3 

Power ot Attorney 

SIZE {KB) 

604 KB 

·117 KB 

2064 !<B 
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DOCUMENT 

18P115001 US9_1 0_CADS.pdf 

18P115001 US9 10 iCashe 37 - - -

iCashe_GPOA_signed.pdf 

Page 2 of 2 

086DA3675445FF1CE3834BCADC009568731ECB965C3623E41 
231513C3278EDB61390EFADC77C5BFAA3O7862B64E3DA8E5 
1A1FAED508E79286D44EBE06BCE29A4 

4BBD50BA83B981F07929644BC8C0A5C6BCB8C50B528894B6C 
4D11O6F80813A360B6CF4O794EA6F06BA69A606O3752865A6 
24BE5C1F3BA3C12AE1F7875BB04285 

78B281E25EAD72F7806857712BEF21246ED66F2F83FB7174AE 
E3944DC2C6E32C2BBD4EEDDED4O1OD9B0C94F138A195CC7 
5430D944D923A8EE37468AA0C7627B2 

This Acknowledgement H,::eeip! evioences rnce,pt on the noted dat;:i by the USPTO of H1<:, ,ndica.ted documents, characterized 

by tr1e applicant, and including page counts, 1,vhere appiicabie. It serves as evidence of receipt similar to a Post Card, as 

descr:bed in MPE:P 503. 

New Applicat!ons Under 35 lHU:. 11 i 

I! a new application is being filed and the applicat!on inciudes the necessary components lor liiing date (see 37 CFR 1.53(b)-(d) 

and MPE:P 506), a Filing Receipt (37 CFR 1 .54) wil: be issued in due course and tr1e date sr1own on this Acknowledgement 

Receipt vvill estab!isil t:1e filing date of tl1e application 

National Stage of an !ntemationa! Appl!cation 1.mder 35 U.S.C. 371 

ll a tirneiy submission to enter the na!iona, stage o! an interncrtional appl,cation is compliant w,th !he conditions ol 35 U.S.C 

371 and other applicable requirements a Form PCT/DO/E0/90:3 inr.lica.tinq acceptance of tl:e application as a national staqe 

submission under 35 U.S.C. 371 will be issued in addition to the Fiiing Receipt, in due course. 

New international Applicat!on fi!ed with the USPTO as a Receiving omce 

If a new internationa! appiication is being filed anci the interr.ationai application includes the necessary components for an 

international !iiing date (see PCT Article 11 and MPEP 1810), a 1,Jotification of the International .Application 1\lumber and of the 

International Filing Date (F-mm PCT/,-10/105) will be issued in due course, subject to prescriptions c:oncernin~J national securi!y, 

and the date shown on this Acknmvledqernent Receipt vvill establish the interr.ationai filing date of tl:e application. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

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

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant!Patent Owner: _iC_a_s_h_e_, _ln_c_. ______________________________ _ 

Application No./Patent No.: 17I021 ,347 Filed/Issue Date: September 15, 2020 

Titled: MOBILE PHONE WITH MAGNETIC CARD EMULATION 

iCashe, Inc. , a Corporation 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. G A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1 _ From: Inventors To: Tyfone, Inc. 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 0537?6 , Frame OOB5 , or for which a copy thereof is attached. 

2_ From: Tyfone, Inc. To: iCashe, Inc. 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 053965 , Frame 041 3 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

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

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

0 As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Usman Mughal/ 
Signature 

Usman Mughal 
Printed or Typed Name 

[Page 2 of 2] 

2022-01-14 
Date 

62887 

Title or Registration Number 
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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: 

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 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 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 USPTO becomes aware of a violation or potential violation of law or regulation. 
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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 115.001US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

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 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I B t,iva P- ~arendra I B 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City ~ortland I State/Province I ~R I Country of ResidencJ I i-Js 

Mailing Address of Inventor: 

Address 1 ~180 SW 84th Ave. 

Address 2 

City I ~ortland I State/Province I PR 

Postal Code I ~1223 I Countryi I 1us 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I B (rhomas ~- l3pitzer I B 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City ~ortland I State/Province I ~R I Country of ResidencJ I i-Js 

Mailing Address of Inventor: 

Address 1 ~642 SW Bucharest Ct. 

Address 2 

City I t=>ortland I State/Province I PR 

Postal Code I ~1225 I Countryi I 1us 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I B t=>rabhakar I (radepalli I B 
Residence Information (Select One) 0 US Residency • Non US Residency Active US Military Service 
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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 lo respond lo a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 115.001 US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

City l!angalore II Country of Residence i IIN I 

Mailing Address of Inventor: 

Address 1 S:24 Chaithanya Smaran 

Address 2 Whitefield Hoskote Road 

City I l3angalore I State/Province I ~a 

Postal Code I ~60061 I Countryi IIIN 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
I Add I 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). 

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

Customer Number 65781 

Email Address ~ana.lemoine@tyfone.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

Attorney Docket Number 115.001 US9.10 I Small Entity Status Claimed □ 
Application Type Non provisional . 
Subject Matter Utility ... 

Total Number of Drawing Sheets (if any) 1116 I Suggested Figure for Publication (if any) I f3 
Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (cl and 37 CFR 1.57(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 1.53(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). 

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

I I 11 
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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 lo respond lo a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 115.001 US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

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 US Patent Practitioner lo Limited Recognition (37 CFR 11.9) 

Customer Number ~5781 

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 tending ,. I Remove I 
Filing or 371 (c) Date 

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

I 17/021,347 Continuation of ,. 16218733 ~018-12-13 

Prior Application Status Patented ,. I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116218733 pontinuation of I· 115658208 ~017-07-24 110185909 ~019-01-22 

Prior Application Status ~atented ,. I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115658208 pontinuation of I,, 114948325 ~015-11-22 f715649 ~017-07-25 

Prior Application Status ~atented ,. I Remove I 
Application Continuity Type Prior Application Filing Date 

Patent Number 
Issue Date 

Number Number (YYYY-MM-DD) (YYYY-MM-DD) 

114948325 pontinuation of B 114747770 ~015-06-23 f202156 ~015-12-01 
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115.001 US9.10 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

Prior Application Status I tatented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

114747770 pontinuation of I· 114680684 ~015-04-07 ~092708 ~015-07-28 

Prior Application Status I tatented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

114680684 pontinuation of I. 113592323 ~012-08-22 ~004361 ~015-04-14 

Prior Application Status I talented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

113592323 pontinuation of I. 113304663 ~011-11-27 ~573494 ~013-11-05 

Prior Application Status I tatented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

113304663 pontinuation of I. 113114434 ~011-05-24 ~091786 ~012-01-10 

Prior Application Status I tatented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

113114434 pontinuation of I· 112941410 ~010-11-08 ~954715 ~011-06-07 

Prior Application Status I talented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

112941410 pontinuation of I. 112539369 ~009-08-11 ~828214 ~010-11-09 

Prior Application Status I tatented H I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

112539369 pontinuation of B 111063291 ~005-02-22 ~581678 ~009-09-01 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I 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 ). 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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115.001 US9.10 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

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 

□ 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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Attorney Docket Number 115.001 US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

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 B in subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby 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 US PTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Attorney Docket Number 115.001 US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

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 11 I Remove I 
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 Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I Joint Inventor 

Person to whom the inventor is obligated to assign. I Person who shows sufficient proprietary interest 

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

1 ... 1 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I tyfone;inc~ iCashe, Inc. 

Mailing Address Information For Applicant: 

Address 1 5331 SW Macadam Ave 

Address 2 !Suite 251 

City Portland State/Provi nee OR 

Country I 1-Js Postal Code 97239 

Phone Number ~2e-39J9----- Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

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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Attorney Docket Number 115.001 US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

Assignee 11 

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. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name 

I ~yfon~-lnc:- iCashe, Inc. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 5331 SW Macadam Avenue 

Address 2 Suite 251 

City I tortland State/Province OR 

Countryi I 1-Js Postal Code 97239 

Phone Number !503.:226=3!:!39" Fax Number 

Email Address 

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

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application 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. 

I 
Signature /Usman Mughal/ Date (YYYY-MM-DD) 2022-01-14 

I 
First Name I Usman I Last Name I I 

Mughal Registration Number 62887 I 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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Attorney Docket Number 115.001 US9.10 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/021,347 

Title of Invention MOBILE PHONE WITH MAGNETIC CARD EMULATION 

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.O. 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.5.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, pursuantto 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.5.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.5.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1 .14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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UNITED ST ATES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. 

17/021,347 

7590 

Tyfone, Inc. 
Patent Dept. 

FILING DATE 

09/15/2020 

01/14/2022 

5331 SW Macadam Avenue 
Suite 251 
Portland, OR 97239 

FIRST NAMED INVENTOR 

Siva G. Narendra 

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

P.O. Box 1450 
Alexandria, Virginia 223 I 3-1450 
www.uspto.gov 

TTORNEY DOCKET NO. CONFIRMATION NO. 

18.115.001US9.10 2310 

EXAMINER 

HAUPT, KRISTY A 

ART UNIT PAPER NUMBER 

2876 

I NOTIFICATION DATE DELIVERY MODE 

01/14/2022 ELECTRONIC 

NOTICE OF NON-COMPLIANT INFORMATION DISCLOSURE STATEMENT 

An Information Disclosure Statement (IDS) filed 1/10/2022 in the above-identified application fails to 
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be 
placed in the file, but the information referred to therein has not been considered. 

The IDS is not compliant with 37 CFR 1.97(d) be.cause: 

*8<Jth, 

Jg{ The IDS lacks a st?tement as specified in 37 CFR 1.97(e). 

□ The IDS lacks the fee set forth in 37 CFR 1.17(p). 

□ The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition to 
withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See 
MPEP 1308. 

A/. r/4VUL1 cf 1.-

571-272-4200 or 1-888-786-0101 
Application Assistance Unit 
Office of Data Management 

FORM PTOM327•B (Rev. 02/08) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/021,347 

175023 
Mughal IP PC 
iCashe, Inc. 
1500 NW Bethany Blvd. 
Suite 200 
Beaverton, OR 97006 

FILING OR 3 71 (C) DATE 

09/15/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Siva G. Narendra 18.115.001 US9.10 
CONFIRMATION NO. 2310 

POA ACCEPTANCE LETTER 

1111111111111111111111 ll]~!l]!~l!~IUI jll~ ~( ~Hll lllll 111111111111111111 

Date Mailed: 01/20/2022 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed O 1/14/2022. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/megga/ 

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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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

17/021,347 09/15/2020 2876 2070 18.115.001US9.10 18 3 

175023 
Mughal IP PC 
iCashe, Inc. 

CONFIRMATION NO. 2310 
CORRECTED FILING RECEIPT 

1111111111111111111111 m~mll!~m1~ 111~1~ 111111111111111 IIII IIII 
1500 NW Bethany Blvd. 
Suite 200 
Beaverton, OR 97006 

Date Mailed: 01/20/2022 

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) 

Applicant( s) 

Siva G. Narendra, Portland, OR; 
Thomas N. Spitzer, Portland, OR; 
Prabhakar Tadepalli, Bangalore, INDIA; 

iCashe, Inc., Portland, OR; 
Assignment For Published Patent Application 

iCashe, Inc., Portland, OR 

Power of Attorney: The patent practitioners associated with Customer Number 175023 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/218,733 12/13/2018 PAT 10803370 
which is a CON of 15/658,208 07/24/2017 PAT 10185909 
which is a CON of 14/948,325 11/22/2015 PAT 9715649 
which is a CON of 14/747,770 06/23/2015 PAT 9202156 
which is a CON of 14/680,684 04/07/2015 PAT 9092708 
which is a CON of 13/592,323 08/22/2012 PAT 9004361 
which is a CON of 13/304,663 11/27/2011 PAT 8573494 
which is a CON of 13/114,434 05/24/2011 PAT 8091786 
which is a CON of 12/941,410 11/08/2010 PAT 7954715 
which is a CON of 12/539,369 08/11/2009 PAT 7828214 
which is a CON of 11/063,291 02/22/2005 PAT 7581678 
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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: 10/01/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 17/021,347 

Projected Publication Date: Not Applicable 

Non-Publication Request: No 

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

MOBILE PHONE WITH MAGNETIC CARD EMULATION 

Preliminary Class 

235 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the 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. 
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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 
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). 
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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. 

page 4 of 4 

Page 02563



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/021,347 

35781 
Tyfone, Inc. 
Patent Dept. 
5331 SW Macadam Avenue 
Suite 251 
Portland, OR 97239 

FILING OR 3 71 (C) DATE 

09/15/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Siva G. Narendra 18.115.001 US9.10 
CONFIRMATION NO. 2310 

POWER OF ATTORNEY NOTICE 

111111111111111111111111]~!1]!~1!~1! ~, jll~ ~I~~ !Ill lllll 111111111111111111 

Date Mailed: 01/20/2022 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed O 1/14/2022. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/megga/ 

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 
Siva Narendra 

Application No.: 17/021,347 

Filed: September 15, 2020 

For: MOBILE PHONE WITH MAGNETIC 
CARD EMULATION 

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

Examiner: 
Kristy A. Haupt 

Art Group: 2876 

Confirmation No.: 2310 

Docket No.: ll5.001US9.10 

AMENDMENT UNDER 37 C.F.R. § 1.312 

Dear Examiner: 

This Amendment is in response to the Notice of Allowance mailed November 10, 2021. 

Applicants respectfully request the Examiner to enter this Amendment. 
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LISTING OF CLAIMS 

1. (Previously Presented) A mobile phone comprising: 

a memory to hold transaction data for use in a plurality of transactions; 

a current carrying conductor capable of producing a time-varying magnetic field that 

represents the transaction data in the plurality of transactions; 

a network interface for connecting the mobile phone to a network, wherein one or more 

parts of the transaction data are downloadable to the mobile phone via the network; 

a driver to excite the current carrying conductor; and 

a processor coupled to control the driver. 

2. (Original) The mobile phone of claim 1 wherein the time-varying magnetic field 

represents a point-of-sale transaction. 

3. (Original) The mobile phone of claim 1 wherein the time-varying magnetic field 

represents an access transaction. 

4. (Original) The mobile phone of claim 1 wherein the time-varying magnetic field 

represents a credit card transaction. 

5. (Original) The mobile phone of claim 1 wherein the time-varying magnetic field 

emulates a swipe of a magnetic card. 

6. (Original) 

driver. 

The mobile phone of claim 1 wherein the driver comprises a current 

Application No. 17/021,347 
Docket No. 115.001US9.10 

2 Examiner: HAUPT 
Art Unit: 2876 
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7. (Previously Presented) A mobile phone comprising: 

a memory to hold transaction data for use in a plurality of transactions; 

a conductor that when excited by a reversing polarity current produces a time-varying 

magnetic field that represents the transaction data in the plurality of transactions; 

a network interface for connecting the mobile phone to a network, wherein one or more 

parts of the transaction data are downloadable to the mobile phone via the network; 

a driver to excite the conductor; and 

a processor coupled to control the driver. 

8. (Original) The mobile phone of claim 7 wherein the time-varying magnetic field 

represents a point-of-sale transaction. 

9. (Original) The mobile phone of claim 7 wherein the time-varying magnetic field 

represents an access transaction. 

10. (Original) The mobile phone of claim 7 wherein the time-varying magnetic field 

represents a credit card transaction. 

11. (Original) The mobile phone of claim 7 wherein the time-varying magnetic field 

emulates a swipe of a magnetic card. 

12. (Original) 

driver. 

The mobile phone of claim 7 wherein the driver comprises a current 

13. (Previously Presented) A mobile phone comprising: 

a memory to hold transaction data for use in a plurality of transactions; 

a conductor that when excited by a reversing polarity current that varies in amplitude 

Application No. 17/021,347 
Docket No. 115.001US9.10 

3 Examiner: HAUPT 
Art Unit: 2876 
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produces a time-varying magnetic field that represents the transaction data in the plurality of 

transactions; 

a network interface for connecting the mobile phone to a network, wherein one or more 

parts of the transaction data are downloadable to the mobile phone via the network; 

a driver to excite the conductor; and 

a processor coupled to control the driver. 

14. (Original) The mobile phone of claim 13 wherein the time-varying magnetic field 

represents a point-of-sale transaction. 

15. (Original) The mobile phone of claim 13 wherein the time-varying magnetic field 

represents an access transaction. 

16. (Original) The mobile phone of claim 13 wherein the time-varying magnetic field 

represents a credit card transaction. 

17. (Original) The mobile phone of claim 13 wherein the time-varying magnetic field 

emulates a swipe of a magnetic card. 

18. (Original) 

driver. 

The mobile phone of claim 13 wherein the driver comprises a current 

19. (Previously Presented) The mobile phone of claim I wherein the network is one of 

a cellular network or a wireless local area network. 

20. (Currently Amended) The mobile phone of claim I wherein [[the ]]downloaded 

transaction data is valid for a limited number of transactions and the one or more parts of 

Application No. 17/021,347 
Docket No. 115.001US9.10 

4 Examiner: HAUPT 
Art Unit: 2876 
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the transaction data is downloaded periodically. 

21. (Currently Amended) The mobile phone of claim 1, wherein the transaction data 

includes a transaction number used for each transaction of the plurality of transactions.:. 

22. (Previously Presented) The mobile phone of claim 7 wherein the network is one of 

a cellular network or a wireless local area network. 

23. (Currently Amended) The mobile phone of claim 7 wherein [[the ]]downloaded 

transaction data is valid for a limited number of transactions and the one or more parts of 

the transaction data is downloaded periodically. 

24. (Currently Amended) The mobile phone of claim 7, wherein the transaction data 

includes a transaction number used for each transaction of the plurality of transactions.:. 

25. (Previously Presented) The mobile phone of claim 13 wherein the network is one 

of a cellular network or a wireless local area network. 

26. (Currently Amended) The mobile phone of claim 13 wherein [[the ]]downloaded 

transaction data is valid for a limited number of transactions and the one or more parts of 

the transaction data is downloaded periodically. 

27. (Currently Amended) The mobile phone of claim 13, wherein the transaction data 

includes a transaction number used for each transaction of the plurality of transactions.:. 

Application No. 17/021,347 
Docket No. 115.001US9.10 

5 Examiner: HAUPT 
Art Unit: 2876 

Page 02569



REMARKS 

This listing of claims will replace all prior versions and listings of claims in the 

application. Claims 20, 21, 23, 24, 26, and 27 are amended. No claims are added. No claims 

are cancelled in this response. Hence, claims 1-27 are pending. 

CLAIM AMENDMENTS 

Applicants amend claims 20, 21, 23, 24, 26, and 27 to fix typographical errors. 

Applicants respectfully request Examiner to enter the amendments. No new matter has been 

introduced. 

COMMENTS ON THE STATEMENT OF REASONS FOR ALLOWANCE 

The guidance provided at M.P.E.P. § 1302.14 under the heading, "Reasons for Allowance," sets 

forth: 

In most cases, the examiner's actions and the applicant's replies make evident the reasons for 

allowance, satisfying the "record as a whole" proviso of [37 CFR l.104(e)]. This is particularly 

true when applicants fully complies with 37 CFR 1.11 l(b) and (c) and 37 CFR l.133(b). Thus, 

where the examiner's actions clearly point out the reasons for rejection and the applicant's reply 

explicitly presents reasons why claims are patentable over the reference, the reasons for allowance 

are in all probability evident from the record and no statement should be necessary. 

Applicants respectfully submit that Applicants' previously filed responses are "repl[ies that] 

explicitly present[] reasons why claims are patentable over the [cited references]." Thus, 

Applicants respectfully submit that the Statement of Reasons for Allowance should be 

understood only to refer to the arguments made of record, and should not be understood as 

requiring or implying that other reasons for allowance have been relied on in allowing the 

claims. Therefore, all reasons for allowance should be understood from the arguments clearly set 

forth in the prosecution history, and the Statement of Reasons for Allowance should not be 

construed as narrowing the claims. 

Application No. 17/021,347 
Docket No. 115.001US9.10 

6 Examiner: HAUPT 
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CONCLUSION 

Pursuant to 37 C.F.R. § 1.136(a)(3), Applicants request and authorize the U.S. Patent and 

Trademark Office to (1) treat any concurrent or future reply that requires a petition for extension 

of time as incorporating a petition for extension of time for the appropriate length of time and (2) 

charge all required fees, including extension of time fees and fees under 37 C.F.R. § 1.16 and § 

1.17, to Deposit Account No. 60-4139. 

01/26/22 
Date 

Application No. 17/021,347 
Docket No. 115.001US9.10 

/Usman Mughal/ 
Usman Mughal 

Respectfully submitted, 
MUGHAL IP P.C. 

Reg. No. 62,887 
Attorney for Applicants 

1500 NW Bethany Blvd. Suite 200 
Beaverton, OR 97006 
971-634-0286 
docketing (j_i) impact patents .corn 

7 Examiner: HAUPT 
Art Unit: 2876 
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ELECTRONIC PAYMENT RECEIPT 

RECEIPT DATE/ TIME APPLICATION # 
17/02'1 1347 01/26/2022 07:54:18 PM ET 

Title of Invention 
MOBILE PHONE WffH MAGNETIC CARD EMULATION 

Application Information 

APPLICATION TYPE Utility - Nonpmvisional Application 
unde, 35 USC 11 ·, (a) 

CONFIRMATION# 2310 

PATENT CENTER# 60501782 

CUSTOMER# "175023 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
CARD/ 9863 

PAYMENT TRANSACTION ID 
E2022iPJ54520435 

FEE CODE DESCRIPTION ITEM PRICE($) 
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ATTORNEY DOCKET# 
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PATENT# -
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QUANTITY ITEM TOT AL($) 

600.00 

TOTAL AMOUNT: $600,00 

This .Adqmwlednermmt Receipt evidences :eceipt on the noted date by the USPTO of the indicated documents, characterized 
by the applirnnt, and including page counts, where appiicabie. It serves as evidence of rnce:pt sini:lar to a Post CHrd, as 
described in MPEP 50:3. 
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Receipt vvill estabiish tr1e filing date of the application 

National Stage of an lntemational Appl!cation under 35 U.S,C, 371 
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Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

35781 
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Patent Dept. 
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5331 SW Macadam A venue 
Suite 251 
Portland, OR 97239 

APPLICATION NO. FILING DATE 

17/021,347 09/15/2020 

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

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

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Siva G. Narendra 18.115.001US9.10 2310 

TITLE OF INVENTION: MOBILE PHONE WITH MAGNETIC CARD EMULATION 
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EXAMINER ART UNIT 
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PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

235-492000 

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

$600 02/10/2022 

Mughal IP P.C. 

2 ______________ _ 

3 ______________ _ 

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

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

(A) NAME OF ASSIGNEE 

iCashe, Inc. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Portland, OR, US 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual l:al Corporation or other private group entity O Government 

4a. Fees submitted: ~Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

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

[:al Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

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

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
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NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

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

ATTORNEY DOCKET NO. 
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CONFIRMATION NO. 

2310 

EXAMINER 

HAUPT. KRISTY A 

ART UNIT PAPER NUMBER 

2876 

NOTIFICATION DATE DELIVERY MODE 

02/04/2022 ELECTRONIC 

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

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

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

docketing@impactpatents.com 
eofficeaction@appcoll.com 

PTOL-90A (Rev. 04/07) 
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Response to Rule 312 Communication 

Application No. 

17/021,347 

Examiner 

KRISTY A HAU PT 

Applicant(s) 

Narendra et al. 

Art Unit AIA (FITF) Status 

2876 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. ~The amendment filed on 26 January 2022 under 37 CFR 1.312 has been considered, and has been: 

a) 0 entered. 

b) ~ entered as directed to matters of form not affecting the scope of the invention. 

c) 0 disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

and the required fee to withdraw the application from issue. 

d) 0 disapproved. See explanation below. 

e) 0 entered in part. See explanation below. 

/KRISTY A HAU PT/ 
Primary Examiner, Art Unit 2876 

U.S. Patent and Trademark Office 

PTOL-271 (Rev. 04-01) Response to Rule 312 Communication Part of Paper No. 20220128 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 
Siva Narendra 

Application No.: 17/021,347 

Filed: September 15, 2020 

For: MOBILE PHONE WITH MAGNETIC 
CARD EMULATION 

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

Examiner: 
Kristy A. Haupt 

Art Group: 2876 

Confirmation No.: 2310 

Docket No.: ll5.001US9.10 

AMENDMENT UNDER 37 C.F.R. § 1.312 

Dear Examiner: 

This Amendment is in response to the Notice of Allowance mailed November 10, 2021. 

Applicants respectfully request the Examiner to enter this Amendment. 

OK TO ENTER: /K.A.H/ 
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www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 
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ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

CONFIRMATION NO. 

2310 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

INVENTOR(s) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors): 

Siva G. Narendra, Portland, OR; 
Thomas N. Spitzer, Portland, OR; 
Prabhakar Tadepalli, Bangalore, INDIA; 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

iCashe, Inc., Portland, OR; 

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 USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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