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:ns.::-rt:•JP port. 

O;,scriptior. 

:JETA!l.FO orscrnr::oN er ::-:r: !N\/EN::o~.J UndLlstr:a! fiekJ of t:ppHct:t:nn] The present :I:w;:1ti(!I: ~e:ate:; to, for f:,<a~1pk:, o Jt:paner,f: \ri;c::d ~xocesr,,,x, 

n;t: pt·e.sH1I :::vH1ilo:: :·e:r.1tt:s Le Q rfou:n:e;;:_ P.rfaing (Jf;v:cf: hc1vi::9 fl::1c:.IG:1s .such ci:~ docu:·ner:t i::put, P.di1ing, ;'.':nd pr:nn:1g. 

[C0r.v12ntional technolcgyj 

[P,ablems lo be Solved by lhe IMer.tlcn] 

8ook-~ypf: and nfJtf:~Jl!tlk-~yf"Jf: Jop,v:ese 11110:'d prccf:sscrs a1:d persfJ:-:a! cc::no'.~tf:rs hov·e bui:t-in batte:if:S to:, eor,y ur,f: on the t:-ain or onywhNf:. Fer Ja~-Janesf: v,;c:rd 

proce:.:scrs ::ir;d persri:m! cc:11p:)t>:rs. ::;:; exte:n::i! stcrage dev:•:e su•:h as a f:oppy dis:-.: drive and a !iq:..;id crystal backl1gf-rt are ~Jecorr:i:19 indispensa~Jie. BG the .J::ipanese 

wo1·d p:\1eer,:;nI: 

C:u;:·e;;:_:y, thP- bc111e:y b:j:h :r:tc; ~ pe;.sc;r:,1; cor~;pulP.: cc1:1 r:G:rr:,1!!y be u.swJ fo: on!y ;'.': fow hc:u:·.s 1=:j:the:, '✓,the:1 r.1 bc1Eery hm1:;;g ~ pewe: s;_1u;;_-:t; ccipQc:·:y thQt C;'.':n b~ :jsed 

foi· ~ !o~g tii~:1,;: :s :..ised, the v,:1:ume ,3rid weiqht :r.ci·e~se, whi-:h c,3u::;es ~ problem th~t 1t :s ;peor.ven:erit t•:1 carry. 
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.A.ccordii~:q to -::he ::11·0::ser.t ii~:ventioi\ at kas-:: ,3 desired ch3r3ctei· is inp;_jt device, 

J\ dGC:j:":H:~n1 ~di·::::9 d~1ric~ h;'.':',1:ng 8 d:sp:ciy devl:;e fe:· d:sp:8yi:1g i;;pul / wfa res:_;Hs, i.'\1here:;; ~ c:;__1;;r:f:c'~ie:1 :_H;~11n~! ;..-:r.1p~b!e Gf co::necn:1g c1 ;~1t:rr:G:y CQrd i::'~erfoce c:::;L:i~ 

•:ap:.::b!.::- of acc.::-ssi:19 a rr:e:rn .. vy :::::ard ::;;;rJ a p-:..1v1er s-:.:iur•:e :n1e~fac.::- :::::ircu:t e::.::pa~.Jie of supp!yi;;g pow.::r f~.;Ji7l a batter/ are cc:v;e:::::·tecL Prcvided ·,,vith CFl inse~ti-:..111 prxt 

capobk: of sha:-::·:g posr,ible f .. l!llnecti•.Y: teni-:i~o!:;, and hav:1:g o ~J!ft::1-y- detef .. ti(!ll dev·ice capo bk~ nf de-::ecti:·:g tho-:: o ~Jattf:ry hr:1:, been inse:-::ed :ntn -::his inse:-:::cn pc!rt 

w~;en it::.: dete.;::t.::-d fr13t a tiatt.::-ry ha:.: bee:1 1nse:1ed :ntfJ fr1:s 1nse:tic:1 pGrt, -rhis car: t.1.::- ach:.::-ved by c•J:;nfJLlrir:g t~1>: b3tter1 t.;J be c~1;;r9ed v:a ·the p•x,,ver i:1terfa.;::e. 

A bat::er; SLlch us a ::ea!ed !ead ;:iutt-::ry-::hat ,:m1 be ;~nude -::hiri car: o-:: :r:s-21·ted in-::o the s!o-:: cf the p~:emory ,:~rc; sc th:3t both power s:..;pp!y and p~:emory ,:mc; :r:s-::1""ti•:1P can 

bt: pe:·f~xrned, ,1r1d the vc:!u;~1~ !)f lhe .JQp8r1es~ we:·d procP.sso; ;rnd pe:·sor:,1! co;~1putP.r i'~se:f Is s;~1Q!! c:r !:ghlwe:ghl. ,t\!se, 1·: is pGssib:f: '~o e-Ktt:r1d the us;'.':ge :.lrr:f: by :jsi:1g 

ti~:e b3t::ery mser-::ed frcrr. th-:: mer.-:cry card insertion skit toqe-::her vnth -::he J~par:ese \IIFYd processc-1· and the battery budt :r: th-2 perscn:3; ccrr.put-21~ er by a:!ow:r:g th-:: 

'.iser -::c f .. t:riy o battf::y tho-:: ca:-: be 1:-:serted fror:1 -::he 1·-:-:en10:y ct:rc! :r:sNti•,Y: s:ct can de. 

[f.x;;mpleJ 

;:.1G_ 1 is a vi.::-w s~;c;wi:19 the app.::-arar:ce c;f a dcc:)rr;en·t edit::;u device .such ;:i:.: a .Japanese wcrd p:.;J•_·ess-:.v 1 is a disp!ay devi-:.;e, 2 :s an inp:..;t de,,rice, 4 i.s a print::;g 

deviu·~- ·12. is a 1·-:-:a:r: bfJdy, and o ~-)l!We: :,Lipp!y Is req:Jired for bockup. A RAM (Rar:da:n Au:es:, Mer:1}-::hot ct:1: stcre dt:ta suet: as a eord--::;ffJf: sea:ed k:t:d-acid ba-::te:y ·18 In 

·the :.:ame form a.s a r.-:e:11-:.vy card u:.:ed at ar;y ti:11e rx a RCM (Read Or:!y ~;ler.-:cry) .;_;ard ·th3t <x1:;t;;1ns a prGfJram er <.foo..:mer:ts 

or1) !rid1c3tes the skit 1n-::o which th-:: c3rd ,:m1 be ;pser-::ed . .4!thm1gh cr:!y or:e c,f the r.-:err.ory G3rd :31~:c; the c~1·d-type ;ead- s-2u!ed b~tt-::1·y cari be iri::erted into ti~:e :r:s-::rti•:1P 

:~k/~ -:~: :r: ·:his t:rr:b:'"Jdin:e;;: .. ;'.': plum!:':J' c;f lr1se;tie:1 sk:'~s c,1r1 be prc;1rided tG ir:sH~, fGr P-x8;~1p!P., ~w-:J t::e:•n;J:y a:;;'.':rds Gr :.hf: t::e:•n;J:y C;'.':rd 1 

;tis a;so pcs::ib!e t•:1 ir:s-21·t :3 sheet ~nd a ,:me; typ-2 sea!-::c; :e:3d ba-::tery 18. ln addition, -::veri wheri the insertion skit :2 :s c,p!y ,:1Pe, vvhen th-:: card-type s-2~!ed kad battery 

·i R :s :nser-::ed, the pcwer :r.te:farx: e:rc:Jit 16 

8y pr•Jvidi:19 a bu:;t-1n baue:y chargi:;g circu:t 44 for cha:9:ng the ~Jui!t-:n tiatt.::-ry 42 t-:.1 t~;e :nte:11;;! b31tery 42, the bu:!1-i:1 battery i!.2 is 

:-:: ca1: be d:a:,gzd wi-::ho:..:-:: !F,lng the pnv,;e: :;upp:y ,~c, er AC odaotN 1~5, rv:c: whf:1: :..1s::-:g a rr.e:-:10:y co:d, a ca:-d-type :,ea!ed !eod ~E:ttf:1y ! 8 

t.ven If y{:u c,1ri:. lr1se;t i;;:_o thf: in:~f:r:.IGr1 slo:. ·: :-?. yG:j c:8;; :jse It Grl:y with :_f;t; bL:ih-:n bf!Eety· 4:-?. Fu:·'~he:; wh~n ·:he cr.1rd-lype s~f!!ed !ec1d ba:IP-ry 1 B Is i;;s~rtP.d i:1~;J :_f;t; 

;nse0,:cn ;:,c,rt 12, it can be used fc," long tim~ as c,:,1·,·,pared v;i,h ,he case whece t:·,e builH, bat,erJ 42 3lone :s d1·;ven. Further, the card-type s~,;led lead b3ttecy 1B is 

s:118n~t· find Hghte:· thi:l;; lh~ /J,G ;'.':dclp~er 45 :ikt: ·:he :11er~;cry c:8;d, se ~hQ:. ii does WJI cc1~r~P- f!ny ·:rG:jb!e f;J; Q p:L:rnl:ty {:f UBHS '~o CQr;y ~r-:J:ir:d. R~fHt:r1ce r:urn~t·;'.':! 15 

de:vJt>:s a p•Jwer s-..v:tch •A t~;e m3i:1 bGdy_ Eve:; if ·the p,y,,ver s-..v:tch 1 Sis tu:11>:d off, c-:.1d.::-s su•_·h 3-S ch3racter.s ::-:put frcrr: th.::- ir:put d.::-vic.::- 2 and dGc:..;rr:e:1t data cf ed:t.::-d 

res:J:ts ore ~):":eked up 

F!G. ~: :s 8 b:cck. d:,1gr~m ef c1 dGc:it::e:1~ ~di·:ir:g ;_fo,d;_;t; sud: ~s Q .J~p8n~s~ V'iGrd pr-:Jc:eBs-:Jr. Refe;er:ce :1:_;r~;t;r,1: ~: :s fin lnp:i'~ dei.rice s:jch QS 8 kP-yboQrd -:Jr~ t8blt:t fer 

:nputt;i-,g 3 d~s:red character cc o;:,emtioc mode. Ec,er the c,per3,:cn comm3nd code. 

,:·,e ccnt 0cl riev;ce 3 te;·,1;:,c,mnly stores th~ code such os ch3;·octers in;:,ut f;·,:,;-:1 the input dev;ce 2 01·,d ,he d,:,cument dot,; of the ed;ted resu:t, and sends the pixel dot,; to 

·:he d:sp!c1y devl-:;e 1 for disp!i:ly, r.1r1d the culp:J: devi-:;e ~~. 

t:>:t-21·ri~! stcrng-:: device S, mer.-:cr; card irit-21·fa,:e circ~1t 14 

And c•,Y:t1·0:. Fur-::her, :t -::he f .. arc:-type szok:c: !ead-t:e:d ~"J:":ttf:1-y- detef .. tinn ci:"Giit 27 rk:tf:Gts that t~1f: cord-type set:!zd k:ad-oc:c: ba-::-::zry ·i 8 :s :1:ser::zd 1:-:to the in:;e:ilnn sk:t 

12, it ,_·an be seen t~;at the c;;rd-type .sea:ed !e3d-a,jd batte:y 1 B i.s attached tG the d::.:p!3y dev:ce 1, D:sp!ay p3tterr:s, By di.sp!ay:r;u ·the p;;tt.::r:;, it::.: ea.sy for the :)serto 

:-nake :": 11:istoke os :": n12r.-:cry card ond a ca:d-type Sf:a!ed !ead batte:-y, 

~,\:u c,1r1 prevP.r:'~ -:H f:·e:11 bt:ir:9 p:_;Hed ;_1:_;:_ 1=:inh~t·, '✓,the;; thP- c:8;d-:.ype Bt:8:ed !P.;'.':d bQ:.~~ry ·w :s ir:sH~ed ir: the ir1se;tk1:1 s:d 1~'-. ·:he ;_;cdP.s Buch c1B -:;hc1:·c1c:.Hs inp:_;:_ f;;._1:11 

,he ;i-,pu, device 2 and th~ ed:,ed document dutil 3re o,;cked up even when the poww switc:·, 15 cf ,he i-,·,uic body :s tu1·;·,ed cit. 

Tt:e output de;icf: ,~ i:, a pr:nte: t~1:":t l!Utp:..1-::s, as a t:a:T:! ccpy", :": docu:nf::-:t ed:ted by C(JN:":tlng -::he lnp:..:-:: dev:ce ?... An e>:tf:r:-:a! stfJ:a9e de-../lce 5 s-::orzs f:c:itzd rfoGi11:2:n:-::s, 

in:c19~ -:fo'~;'.':, ,1r1d the like. ;'.':r:d :s, f e:· ex~t::p!e, 8 S-lnd~ ;_1; :?,, S-ir:ch nGppy disk dP.,dcP.. -n~e r~;t:rn-:Jry ;_;r,1rd ir:te:·foce cit·cu:~ ·: 4 ir:c:ud~s QrJ ;'.':dd:·eBs bL:B for r.1cce:~sir:g ~f;t; :~OM 

3nd R.4M ;n ,he mffc,c-ry co;·d whe;·, the n,emo;·y card ;s :nsert~ri :c,c th~ inswtion slct 12, 3 doto bus, and 3 concrol bus for controll;i-,g read;;·,,:; acd v;rit:cg. :t 1s poss:bl~ tc, 

;~wJ find wt·i'~e the d~-:~ efthe r~;P.rnory ;_;r,1rd a:Jf·:he ;_;cr:trcl devl-:;e :?, by ;_;cnr1ecti;;g IG ·:he. n;t: rx:1,,vt:r sL:pp:y i:1~erfa;_;t; c:i:·c:_;11 "!:") c1HGws thP- d{:c:_;r~;t:rr: ,:fotc1 of :_f;t; cc1:·d-typP­

:.:e3! lead t.1attery 1 U tc ~Je :r:s.::-rted ::-:to the 1nse:tic:1 prxt : 2 even if the pGY11e: :.:wit.;_;~; 15 cf the rr;a:r: LKKiy i.s tu med cff. .;_v t~k card-type se;;! :ead b3ttery 18 can ~Je 

:nse:-::ed dzctr:ca!!y 01· 1:-:echa:1:ca:!y"- Thf: eord ty~-£~ set:!zd k:ad botte:y 1 B :;, c:e-::zcted In -::he -:.n11t:\1!:e: 3 by rk:tf:et::n:g that It :s :1:ser-::zd ::-: 

:fit::.: :r:s.::-rted :r:tc the card 12, or if the card-·type sea!.::-d :ead battery 1 B, the i':..C p-:.Y,.ver supply i!.6 or the AC adapt.::-r 45 is cor:r:e-:.;t.::-d. the bLli!H:; battery i!.2 is di a rued. 

B . .4 -:irc:.i:t that ~now:: -::he o~i!-::-:r. o~ttHy 42 tc ;:1e :..;s-2c; etfoc-::ive!y wheri the AC pow-::1· s:..;pp!y 46 ,:y th-:: fa.C udap-::er 45 1s not ,:c,nnect-2d. 

:-!G. 6 :s a d:09:a:-:1 shc 11✓l11g an ln-::zrno! ~J!od: l:ftt:e pc't✓e:, supo:y intNfau·~ ci:C'.ilt The -:.a:T:!-typf: seok:d :ead ba-::te~ df:tee-:::cr. de;icf: "2.7 i:, a de\..-:ce tt:at 2:ef .. t:"ica:!y" or 

meo;an:ca;!y d.::tects that t~;e ca:d-type s.::-a!ed lead batte:y 1 U i.s :r:serted in·to the 1nse:t:cn pc;rt 12. 8Lli!1-::; battery i!.2 :s a c3rd-Wpe sealed !ead battery: 13, _.o,c pm,1;er 

su::1::1ly 46 or fa.C udap-::er 

t.ven whe:1 :_f;t; 1..:-5 :s r:d co;;r:~cted. i'~ iB usL:c1ny i:lbGul '.3 evP.r: wilh '~he buiH-in br.1t:.Hy 1~~: 

:;~:e rnairi body -:an be used for :3bout 3 tim-2, and ti~:e backup cf the p~:emory ii~: the rr.aiP body G3r. 0-:: b3c~ed L:p for ::eve;·:3! y-2~rs. B:..;i!t-iP b3-::-::er1 -:harging c:rcL:it 44 is~ 

card -::yof: sea:ed !et:c: bo-::-::er/ ·i R, AC pc'1✓e:, supo:y 46 

i\herr:ative:y, if the /\C: ;;dap·ter 45 :s c-:.1:v;ected, the bu:!t-in batte:y 42 i.s charged, and t~;e ca:d-type s.::-a!ed lead batte:y 1U, AC p•x,.ver s:)pp!y i!.6 or i\C 

The ~Jlii:-::-in batte:,y 42 :s ur,f:d eftzctiv·e:y 1Nhf::-: thz adt:pte:, •~5 i:, 110-:: cc:1:-:ee-::zd. 

F!G. 3 :s 8 vie1,,v sh{:wlr1g the GUIP-r sh8pt: of ·:he cr.1rd-1ype s~f!!ed !ec1d ba:IP-ry 1 B ·rh~ co;;n~ch:r 19 Is fitted with th~ rr:~·:ir:g cGnr1ec~;_1; of ~ht: ir:sH~:or: pon ·1:-:. c1:1d 

cc:v;ec·ted 1-:.1 t~;e pcv·.-·er supply i:1te:f a-:.;e ci:c:)1 t 16. rhe exte:na! shap.::- :s t~1>: sa:11e as that •A t~;e merr:c:y c3rd. 

:=1G. 4 :s" view s:·,c-wing the inside of th~ c3rd·ty;:,e se,;led l~ud batter/ :3. The sepac3toc 21 is sm,dw;ched ::,etwe~;-, the c,;t:·,c-de pl,;te 20 3'1d the an,:,de pl3t~ 22 3nd 

in:n:e;Bt:d in QrJ e!ectrclytk; so:uti-:.1;;, find :_f;P. cc1~hodt: /..C ;_;cr:n~cted f;;._1;~1 :.hf: cc1~hodt: p!c1~e :-?D find :_f;t; ;'.':r:ed~ 7-t~ c;_1;;r:f:c'~ed f:·e:11 ~h~ ~r:ede p!;'.':'~e ~'.? h~\1~ ~ c;_1;;r:f:c'~{:t· 

structu:e and a:e 1nse:1ed, ~;~ates vv:·th the rr;ating c•J:;nectcr at pc;rt 12. ·tY11e:;ty five 

:s :": d:..:r.-:r.-:y eo:n:r.e-:.h:r that f:-::s 1111:-::h the 1:-:ating co1:112ctcr cf thf: insf::"tifJ:I po:'t 1-z but i:; :n:c-:: c•,Y:1:ected 111 -::2rr:1s of :;ig:n:o!:;. Gn -::he fJt~1f:1· ha:n:d, in -::he case l:f a r:1err.cr/ 

,_·ard. t~k cor:nectrx parts c-:.v:e.spGnding tG the a:vJde 24 a:;d the c;;thGde 26 c;f t~;e ca:d type .sea: batte:y are :vJt conr:e-:.;t.::-d :r: te::11.s of si9:1;;!s, and the cGnr:e-:.;t•Jr 

correspcnd;i-,g m the ,Jun-,my wnnectoc 25 is wnnected tc- the 3dd1·ess bus, th~ darn bus acd the control si~cal. 

Fi 9. 5 :s a ci:c:Jlt b!cc;( d:or-1:a:n l:f the r.-:e:nfJ:'Y eord, and 37 Is RA, 

M c3rd a•_·ces.s ir:terface devi•-·e or a :71>:rr;rxy card cor:r:e•_·tc;r that cctv1>:c·ts tc;; sy.st.::-m sudi as;; perscnal type ,Jap3ne:.:e 1,,\1c;rd prGce.sso~. 38 is a RAM part that is;; 

::torage -2!ernent, f.:11· examp;e, 2 32K byte:: mer.-:cry LSI, 64K by-::es storage ,:upacity h3ve. 39 is 3n ~c;dress c;eccdei· ::ec-::icri foi· ::e:e,:tiPg a m-21~:~:ory LS! frcm th-:: address 

s:gr:,1! s~r:I frcr~; lh~ co;;r:P.ch:r s~e:ior: 3 i ,1r1d ger:f:r~·:ir:g Q cor:tm! Blgr:8! f;._1; i.'\1r1·:ir:9 i:"lr:d r~f!d:;;g, ,w Is 8 br.1t:.Hy for hdd:ng '~he :~tcrwJ ce:1~er:ts. ,~1 is 8 pGwe; :~upp!y 

ccritrd secti•:11\ and u rnerr.cry G3rd Cor.tro!s the r.-:emoi·y card p,:1wer sys-::err. by svvi-::chirig be-::w-::en -::he c;1·1ve ::1,:1wer s~pp!:ed froi~:1 the sys-::er.-: s~ch as the irit-21·fa,:e circ~1t 
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14 CJnd ,he p,:,wer s;;pply fo, th~ b3ccery .c:o, and de,ects t:·,e vo:tuge drcp ,:,f t:·,e b3t,ery 40 ,o detect the l;fo of the belttwy 40. It contrc-ls th~ f;;nc,icn ,:,f chec,111~. In this 

~rr:brJdirr:e;;: __ ·:he :·ner~;cry c:e1;d Is c1 RJ\M c,1rd. b:_;:_ II rn~y bf: 8 RO~vi CQrd 

/\.;_·/.:0rdir:g 1-:.:1 t~;e preser;t :r:v.::-nti0r:, f•J~ .::-xarr:p!.::-, i:1 a dcc~F7lf:-nt edit::;g device .sue:h cr3 a Japanese wcrd p~.;_J,:.::ess-:..F,:.:: batte~y su-:..;~; as a sea!.::-d :ead battery :s formed j:; a 

frJ:":n t~1:":t eor. ~Jf: :r.r,f:l'"!f:d i:n:~o a 1·-r:en10:y C:":IY! sk.:t, and an inse:-tifJ:I ptxt that con be ur,fa! ftx bo'.:h pc:11112:-- su~~)~~)!y a:~:c: n1er.":Gr/ ca:--d in:;e:--tinn. By p:\1vidi1:g :~, tt:e 'lfJ!Li11:e cf 

·the .)apar:e.se w-:..vd proe:es.sor itself .;_;an be rr;ade s:7v;!! a:1d !:gh1i.-1;eight ;:urt~V:-r, .s:nce :tis p,:..-i::.:sib!e tG dete.;::t t~;at the b::ittery :.s :r;sened ::;;;rJ ~med, i1 ::.: po.s.s1b!e 1-:..-1 preve;1t 

,he d,:,cu:-nent, e,c., which has been cremed oy bend;n~ ,he ::,utt~r, ce3;·dess:y, fl",:,;-:1 being wast~ct eur,her, the l;fo of the belttwy is ~:<:end~d, ,he dc-cu:-nent can be ccemed 

f;._1; Q !0::91:;~1~ by using ~f;t; b;'.':Eery, find :_f;t; wo;k,1bi!i~y cf!:1 bf: irnp:'twf:d. 

[Brief descripti::,r. of drawir.gs] 

;:.1G_ 1 :.s a diagr::;;71 shc'.o\.'1ng the appeara;v:e cf a docLlmen1 .::-diti::g d.::-vic.::- sue~; as ::i ,Jap3ne:.:e '.o\.'ord pr0ce.ss0~. ;:.ic1, 2 :.s Q b!cc:-.: diaffa;11 of a dccu;71ent edit:;;g device 

:;:Jch t:s o Jt:paner,f: \I\JfJ:d ~xocesr,,,x, ond nG. 3 i:, a ca:-d typec ;:iG. 1-1 :s :": rHor-1:a:n showing ~he O'.~ter shaof: of the r,f:a!ed :ead-,:K-ld botter/ :e, r-:G. f..:. is a diogro:n :;i1ow:1:g 

·the :r;terna: .stru•:ture of ·the •:ard-type sea!.::-d !ead-ae::d t.1Qtt.::-ry lB, F!G. 5 i.s a di::igrQrP shcvvi::g the e::rcu:t block of the rne;1i,:..vy card, and HG.;:. is the insid.::- 0f fr1e p,y,.ver 

su::1::1ly iPterfoce ci1·-:ui"::. !ti:: a figi.ff':: which sh•:1ws ~ b!cc~. :JESCR:PT!Cr✓ OF SYtvmo;__s 1 .,, Oi::p!3y device, 2 .. !ri::1ut device, :4 .,. M-::rnory ca1·.::J in-::ertace -:irc:..;it, 1 s. 

,;.:o•,.vet· s:_;pp!y :r11P.:fr.1ee ;..-:lrc:ji'~, '21 ... 

8~tt-21·y dete,:tic,n device. 
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KR20030072203 

Interface between modem and subscriber interface module 

Abstrnct 

:i-:e cii·,:uitry for intei·facing -::he i-n,:11::;em cf-::he w:re!o;:ss ,:,:1P-:P-:un:c~t;c,p device vv:-::h 3 ::ubsci·;;:1er 

:nte;fcH.-:~ :w"JdL:!e (siM) ·! :-?7- i:1chKfos ,1 ::K:de:·n crJ:(~:rJ!!e; :?,t;:-?, c1 un:ver:~,1! c1By::c:h;o;;cus re;__-:t:ive; / 

ceacsmt1~1· (:J.4RT\ 312 concec,~ri to ,he ;·,7,:,,Jem cen,,cl:ec, ,;i-,d 3 cc,i-,t1·,:,I sig;·,ul prcv1ded te ,h~ 

prograrr.:na~J!e ck!ck f .. irc:..1:-::. 35?.. a~d (J:'fJ9:"a1·-r:1·-r:able ,:Jock circuit:, 31 •~. 316 ttx genf::":":ting 3 UART 

,Jock and c1 S!~1~ de.;::~ ir:d-epende:1t!y cf e::i•:h other ~J;;sed .;..111 the c-:..1:1v7VJ;; de.;::~ J5U, a re.s.::-t e::rcu:t 

37.0 to:· genf:1·t:t:ng a SlM reset :,igno!, a~d oovver:n9 l!ll or.doff thf: S!M, A~d a pmri!f::" cnn~:\1l c:1·-:.u:~ 

::mi f;._1:· ;__-:<;nlrG!!ing, ~!l Gf which :-es:dt: o:: the 1:-r:egn~ted cit·cu:~ chip 2,0·: -:-his ci:-cL:i~ Q!sc: :;;dL:de:~ ~ 

bL:s in~ertace -:irc:..;it 214 thm int-21·fa,:es the p-iodern ~c th-2 S!M :..;s;pg 3 c,:1P-1P-ion data ;1ne 212. 

Olher languages: Koe,,,, 

Classifications Worldwide app!icaticns 

Applicalion KR1020027009959A evenls iil 

Claims (17) 

1. .4 vv:re!e::s coi-ni-n;_jpic,3ti•:1i-1 device fer 3 ::ubsci·;;:1er :~~ertace p-iod:.i:e (S!MJ -:ornprisirig an iri::1ut /output(!; OJ ::1,:11·t 206 fortrc:msrr:ittirig and re,:e:vii-iq seri~I d3~3 ~i-11J a 

:;!;__1;__-:k inp:_;:_ :-?D13 fo:- :-ec:ellring 8 sub:~c:-ibe:· :;;:_Hfe1cf: t::edu:t: (S!~vi) ck1ck. /J,S cl:-c::it 130 fGr i:-r:et·fo:;i:1g rr:rxfot:: 1 ~'.O Gf (\A/CO) . 

.4 trnns1T,i,ter 334 fc, selectively trnnsn,itting darn tc th~ SIM I/ O port vio a ce'Tmio;·, darn l;i-,e 212 c;nd 3 cecelv~r 336 ior rec~1ving darn from ,he s:M I/ O poet, 3nd 

!",l!llnect::d tn ~he :n:Jdf:11: ccntrc!!er, un:·ve:,sa! asynd:1\!110:.is t:-an:;eeiv·er (~.:,L\,RT} 31 :?.; A~d 

Pregc3;·,1;·,1c;ble crock cicccits 314, 316 thm gen~rnte 3 SIM clcc, acd" U.4RT clock based ,:.n 3 c,:,i-,·,1-.-,on cl,:,ck 350 und ge;·,ecate ,he SIM deck 3nd :J.4RT dock 

indept::"Kfont!y of ee1ch o-:her i;; mspenBt: ·:o c:k;ck ;__-:<;r:trG! si9;;r,1!s 3t,2, :15,~ Gr 356 fr:Jm -~he ;~1Gdf:m c:;__1;;:_;;__1l!P.:". Wh~r~i:: the C:J:"fl:":lon dG:;k (3t,O) Is p:·evlded t;._1 ~f;t; 

progrnn,m30:e cl,:,ck e;i-cul, {314,316). 

~~, ?. ·rhe drc:jit ef d,1im 1 i.'\1he:·e:r: lhe n:tKi~r~; :;c:ntrc:!lH, the UJ\H.r Qr:d ·:he p;;._1grQr~;rr:,1b:e c!ock cit·cu:~ r.1m ee1d: :;c:n~g:_;rHJ on the s~n:e lnlP-£ff~·~ed ci:-:;::i1 (!C:) c:h:p 

(301). 

3. 2. The cc1rcu:\ cf da:m 1, "''hd~in \he programmable elcc~ circu;t selectively e"ables and di::ableB tbe SIM d0ck 1r1depe,,den·tly of tbe UART ck,cck in r~snons~ to 

t~1f: SIM ckx:k :::~:ab:e / di:rnb:e c:nn~:\1l r,:g11a: (356}. 

J\ r:r:~t pmg:-~mmf!bl~ di'.1:df::" (:n h) fo:- ge:1~rnn:-1g e1 s:M :;k1c::-:- b8.s~d o:: the C!"J:":1:":K1t: d:J:;k r.1wJ in r.1ccerC:e1:1cP. 1,,vith ~ fo·.s~ frequP.:-1cy :;c:ntt·o! :~ig::8! (:?.t,4) f;o;~1 thP­

;·,1,:,,Jem con,;·oller: Acd 

/~11d a se•_·fJnd prcffCF1v1v;b!e d:1,rider (~11 i!.) for 9.::-nernting a U/\F--'.T e::cc~ b;::s-ed 0:-: the c0mmor: drx;k ;;rd in ;;e:ccrdcFK"e '.o\.':th a s.::-e:0:-:d frequ.::-ncy c0rrtr0! s:gna! 

(352) from ti-ie modem can~ra!!ei·. 

Gne Gf ,1 UArn 1r,1:-1sn:iae; Qr:d ~ SlM i / Cl port :~f::"1ds CG:"1se;__-:un,1e (fal,1 by:.~s ·~o the UJ\H.r ;ecP.iVH 1rie1 :_f;t; ce:11:1i;._1;; d~-:~ !:r:f:, th~ m:J:fon: ;__-:<;nlrd!er c:or:Fig::t·es :_f;t; 

U.4RT tc ,:1perme iri byte i-n,:11::;e, 

One cf the U.4RT ,,3;·,sml,ter 3nd ,:·,e SIM I/ O per, crans;·,1;,s censecutive dat3 ::,1ts ,o the U.4RT ;·~celv~r ovw c; con,n,cn dutil :in~ m 3 w~•:!etermlced baud rnte, 

Qr:d ·:he ;~1odt:m ce:1~:·el:P.:" :;c:n~gums the UJ\H.r t;._1 GpP.:-~·:e i;; s~n:pl~ m:Kfo, 

https://patents.google.com/patentiKR20030072203A/en?oq=KR2003007220:{ 1/12 Page 01731
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:n the s3mple mode, the UA.RT cece;ver repeated:y s3mples ,he oign3I s,me cf the com men d,;tEJ line at 3 s,;mple c3te that :s,; pcedete;-m;;-,ed mult;;:,le b3;;,:; cate ,c 

cG!:e;__-::. s~t::p!e dff:~ bytt:s, ;rnd H:e ;~IO(forn c:;__1:1~;;..1HP-r ref!d.s thP- se1;~1ple tfa~e1 bytes ,1r1d the UJ\H.r C:i;;__-:uilry for C:etecnng f!:1 t:ncr C!"J::diti;..1;; ,1s.socif{~ed i.'\1i'd': the siM 

tiased •J;; the .s;;rr;p!e ,;_fat;; byte.s cc!!.::-e:ted byfr1e re•:e:v.::r. 

"/, ?. ·rhe SlM cf eh71i;~1 ·:, 1Nherein :_f;t; ~;:~,.,~ c:or~;prlse.s r.1 rese~ :rip::'~ ✓-1 Cl f;._1; ;eceivlng 8 s:M mse1 .slgr1;'.':!, wh~r~ir1 the c:r:;L:i~ Q!sc: :;;du:;e.s ,1 ~;:~,.,~ re.st:! si~F1r.1! in ;espo::s~ 

t•:1 u s:M reset centre! ::igr:a! 360 from -::he i~n,:11::;em coritrd;er. Circuit1·y turther ccrr.pris1ng a 1·-2se-:: cii·-:ui":: (320) for s-2;ec-:::ve!y ded<Fii~iq ar:d d-::c!aring. 

n;t: ~;:~,.,~!/open c:;._1:i:~is1s of r.1n ope:1-dmi:: ! /open, th~ :;ot::t::trn dr.11,1 :i:1~ :s cGn:1ec:ted b~/~w~t::1 '~he siM ! / o pG::. ,1:1d c1 u;~J,ff :·ecP.i'.1~r. c1:1d thP- c::rcu:·: :s 

•:rx1r:ected tG fr1e :r;p:Jt ;:.:r:d t~;e ccrr:rr:.;J:1 e:or:r:e•:ted ·to the U!\Rr 1rcF1:.:mi·tter. F:)rther compris::;g a b~i::.: :r:1erface (; / ;:.; c:rcu:t 214 having CFl Gutp:Jt c.;J:v;ected t.;J 

t~1f: do-::o !:112, 

/., pc:1.NH sL:pp!y nin Gf the WCD :jsed tG pol.NH the bu.s ! / F c:::,::ui·: ;'.':r:d r.1 powH i:1pL:1 ;Jfthe b:jS i / := e:t·cu::. r.1wJ c:;..1:;r:P.:/~ed to :.hf: pc:1NP.: :r:put of :_f;t; bL:s i / i= :;i:·cult 

:n 1·-2spor:s-2 to a sw:-::ch ,:on-::ro! siqnaL .4 p,:1wer sw:-::ch 244 tor sekc-:::v-::ly ,:c,nnectii~iq ar:d disccnri-::ctir:g th-2 powH s:.ipp!y rail; fa.Pd 

~;w::.ch c:e:1t:·e! i:1 1,,vhid~ th~ rn:Jderr: cGnlrG!!er c;::n se:w/~i\1~!y po'✓,ter bu:~:_;:= c:rcui'~:y e1:;d :P.::10\1~ powH fro:~, b:jS i / r c:t·cu:t:y by :r:d:jci:1g the Si.'\1i'~ch cGnl:G! 

si•;viu! iri 1·-::spcr:s-:: to ccritrd s:gn:3; 332 frotT: th-2 rnodetT: c,:1Pt1·,:1ner . .4nd f~1·thH compr:sii~iq a c11·-:u:-:: (3~ o:i. 

/., pc:1,,vH sL:pp!y nin Gf the WCD :jsed tG p(W/H the S!M ;::r:d ;'.': ~K1i.\1et· i:1put Gf lhe ~i!M ;::r:d se:w/~ivt:!y cG:1::ect r.1wJ cli.sc:J:it~e;..-::. :.hf: WCD p:Jw~r s:jpp!y :~i! :.o thP­

PC\•1;er :::put •A t~V:- S!~vi i:1 r.::-spcn.se ·to a .seccr:d :.:lfl1itdi ccr:1rc! :.:igr:a!_ !3eccnd pG1fl1e: :.:wile~; 232; /~:vj 

/., se;..-:GwJ sw:·:d~ ;..-:GnlrG! ci:;..-:uil lh;'.':'~ 8nGws :_f;t; ::K:cle:11 c:J:r:::J!!e: t;..1 se!ectllre!y pev·.:P.: ;'.':r:d :er~;G1re pGwe:· frot:: the SIM by l:Kh:c:r:g ·:he -SW;{:r:d :~witd; !";{:r:tt·o! 

si•;V,ill in 1·espcnse to 3 second conceol 3;qna: 33Q fr,:,i-.·, the mcde;~,1 coc,ro:le1· ( 303. fu,,hec w1T,pc1sing. 

/., rx:1,,vH s1,,v:tch c:;..1:1r:P.:/~ed bt:twee;; lhe p;..1wet· supply :·e1:i of '~he vl./C:D u.st:d ·:o ptn-ve: ·:he s:M ,1:1d the pGwe; :np:f {:f '~he s:M ~::cl .st:!ect:i.1e!y !";{:r:ne<..:ti:1g e1;;d 

dis•:Gnr:ect:r;u fr1e WCD pci.-1;er supp!y :a:! to the power ::;put of-the SIM 1n resp•Jr;se tc Q s1,,1,,·1tch c.:,_1:;t:.;J; sifflQ! (232). !\r:d 

FL::·'~he:· ;..-:Gr~;prlsing r.1 sv·.:lleh cor:tro: drc:u:try ::mi cr.1pd:!e Gf se!~<..:tive:y p;..1\\1et·ir:g tht: S!~vi c1:1d m:nuv:;;g fKN/H fro;~, thf: S!M by ind:_;ci::9 e1 sw::.ch ce:1t:·e! si9ne1: ::: 

cesp,:,;-,se tc the central oigcal 330 from ,he ;-,1,:,dem ccnt 0cl:ec. Ch3c3ctrnzed by 3 circuit. 

12. 2. l"'k m0dem ;Ji daim 1 f;_;r,:kr c0mar:s;n9 an ;ntema: ti,nd :313 foe ge,krat1ng a,1 1n·tercun·t 3Ll6 ;r, ·the ,1i;.1dem ccrll'cl:er. wherei" tbe ge,,eratio11 ;,, based 011 a 

clock 350 1·ecei,ed by the inte1·;-,ill ,:me;- ,;i-.d tcom ,he modem ccntrcl:ec. Acd ofte," pcogcammable deloy ,:me ;1, 3ccc,rriance w:th the del3y ccnt 0cl s:gn3: (358). 

13. An :npLlt / o~tpu1 (! / C) port 206 for tr;:,:r:s:71:tt:r;u and r.::-e:eiv1ng s.::-ria! <.fat~,;:,: ,:.-:!Gck :npLl·t 2DH f.:,_v :ece:v:ng a .subsoiti.::-r ir:terface rr;c;du!e (SIM) dGck, ar:d ~ reset ::;put 21 U 

fc: :ece:·,_1:1:g -::he SlM 1·f:set r,:g11aL .4:, a cl:"Giit ! 3C:a t:1: ar. ::-:teg:,a-::ed :.:rc:..1:-:: (:c} ch:~-) 30 ! for intf::·frKl11g 3 :-:1oc:en1 ; 20 of a \r.Ji:"f:!esr, cor:1r:1:..:r.icatior: :fov:cf: ('NCD) ; 0<0 to a 

sub.sc:iber i;;:_~rfacP. t::{:du!t: (S!~A} !";{:rnp:·i.slng. 

A trnnolT,i,tec 334 fe, selectively trnnsmitting darn tc the SIM:/ O poet vio a ccmmo;-, darn l;i-,e 212 ,;nd 3 cece:ver 336 ior receiving darn from ,he 3'M I/ O poet, 3nd 

!";{:n:1~e1ed Le th~ :n:Jdern ;..-:GnlrG!!er. U:1:1re:·se1! ~synd~r{:tK1~r~ ·::,1:1sc~i,1e; (U/},:r:-) ::-:~:; 

Prqya,:1::1,,l;le c,:ock ci:·c~itc; 21,1 3ncJ 216 to, genc,1·,,ti11g 3 S:M deck and,, UART dock based 011 3 c,rn111:o:1 clock 35Q a:1d fer r,e,,e:·ating a SIM clc;,:.k 3ncJ a UART deck 

:r:dept::Kfont!y of ec1ch (Y:her i;; mspen.st: ·:o c1 ckJck c:J::'~::J: s:g:1;'.':! :?,!:-,:.? frGrr: lhe rn;..KiHr: !";{:r:trd!H. -:-he cG:n:n:J:: c:Gek. 3!:-,0 :s proi.1icled :.G the pn .. 1g:·c1;~1;~1;::b!e dGek. ci:e::i1; 

A.nd 

14. ~Aode:·n 12D of w:m!es.s !";{:t::t::u:1:c~·::{:r: d~1rk-:~ (WCO) 1 ci~~. 1,,vf;ld~ ::~ ;'.': s:_;bscriber lnle:fw;e ;~1odu!e (S!M) 1hc1t :r:e:ud~s ;'.':n :np:J: / !"J::'~pL:1 (! / C) p:J:t :.?Dh 1hc11 t:·c1:1s:n:·:s e1;;d 

rece:ves serial data and has~:; Gper:-d:~:n cc:1f;guratior:. As circuit 130 for :r:1erfac::;g 1[11:t~;: 

.4 tra:1:;11:i-::te:-- 3:34 fc: :,e!ectl\..-ely tra11s~ltti:19 da-::a tc thf: S!M:; G po:--t via a cc:n:n:J:-: da-::a !:1:e 2·12 t:11d a :e•.-.e:vf:r 33C, for recf:lvi:19 da-::a fror:1 -::he s;M l / :J ptxt, or.d 

ccn:V:-e:ted Le t~V:- modem .:,_-:c;ntro!!er, U:1:ve:s~! asynchrctwu:.: ·transc.::-ive: (U_A,:-rr) J12; 

.4 ~J:iS :nte:·farx: {! / r-} c:rc:Jit :?.1 •~ hav:r:g a1: :r:put •. -.n11nectf:d tn -::he UART tror.r,:-nltt(:r and !V: n:..1-::p:..:-:: C!"J:-:1:ec-::ed t!"J tt:e CG:n:n!"J:-: da-::a !:1:e and COr':'H:1·t::-:g the UART 

transrr::tte: :ntfJ ;:,:r: .;,_1pen-drni:1 cor:ft9u:~t:or; ccrr:p~t:b!e with the s;M ! / O pGrt 

A fKN/H s::pply t";'.':i! Gf thf: WCD ~::cl e1 p!"Jwe; S:jpp!y ir:put of tf;t; b::s i / i= drc:u:t ,1::cl .st:!ec:1ii.1e:y eor:nect ~::cl d:w;{:n:1~cl ·:he poi.'\1er i:1put Gf lhe bu:~!/ F c:rcu:·: find :_f;t; 

iJ\ICD powei· ::upp!y ra:! ;p response tc :3 swit-:h ccntrd s:gr:3L Swit,:h 244; Ai~11J 

A s1,,vitch ce1pr.1b:e of :~P.:e;..-::_:1re!y rx:v·.:t::i:1g 1he bus i / r c::u:it:·y ,1:1d re:1K1i.1i::9 power frot:: the bus!/ r c::u:it:·y by :r:dud:1g ,1 sv·.:i·:d~ ;..-:<.,;r:trG! sig;;r,1! i:1 r~srx:r:s~ IG ;'.': ;..-:<.,;r:trG! 

sig;-,ill 332 frcm the modem conceol:ec A circu:, c,:,;-,1p1·;s:ng,; central circuit 31 Q. 
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A pcwer sL:pp!y rail of the VijC:J :.is-2d to power the S!M ::rnd 3 power iri::1ut of the S!M ::rnd se:ec-:::ve!y ,:onr:ect mid disconr.e,:t the W'CD pow-::1· s:.ipp!y rail t•:1 the 

pGwe:· :;;pul of·:he SlM ir1 t·espcnse ~;__1 r.1 se;__-:<;r:d swi·::J: ;..-:<;r:trG! sig;;;:1!_ ~;ecrrnd sw:·::J: ?:?,:.?; /},::(': 

A sef .. C!lld svv:'.:ch f .. C!lltl\!! Ci:"f .. Liit tho-:: o!:n1Nr, tt:e r:1cde:n con-::roHe:- t:J s-e!ective!y pcwer or.d :-::1·-r:C!Ve ~~)(Y•.se: fror.": th:: S!M by induc:1:g -::he :,eccr.d :;"1Nitf.t: ccr.tro! 

:~ig::81 lr1 t·espGr:se t;J r.1 se;__-:<;r:d ce:1~:·e! si9ne1: :rm frot:: the r~;Gde::1 co;;:.ro:!et· ( :rnH, fur:.f;t:r :;c:rnp:·iBlng. 

'! &. .4 :n::tt:c!d ot :nte:-fac:1:g o :n:Jden: ! 2C: :Jf :": 1Ni:"f::ess con1n1:..:r.lf .. ation rk:\..-:cf: (V'JCD) ! C:4 tfJ a sut·--;:;c:--iber 1:-:tf:rface ~cd:J:e (SlM}, the 1·-r:nde~ co1:-:pris:r.r-1 a n1oderr. 

ccntrc!!er 302 c.._-i;;r;ected t•J a un:1,rersc1! asy;;chr0r:cu.s tr;;nsc-e:ver (UJ\R"f} 312. n1>: Uf\R r includes c1 t;c1;;srnit"ter 3~1i!. f-:..v :.:e:e-:..;t:ve!y ·trar:s;11:tt:;;g ccnti;1:)ous tfatc1 to the 

SlM ever a c,:1;-:7p~:0P d3ta !me 212 at or:e ,:11· p~:ore predetei·miPed b~;_jc; ra-::es ~Pd 3 re,:e:vH 336 for receiv:ng corr:::r.uo;_js data frcrr. tho:: SHvl, whereii~: the UART The i·ece:ver 

;__;r.1:1 be GpP.:ff:eC: :r: ei1he; ;;: byte r~;Grfo i:1 '✓,thid: lhe Ui-\:F t·ec~h1e; cG!!e;__;~:~ :;c:ns~e::'~i\1~ d;":'~8 b)'IP.s 1:·c1:i:~rr:i":1P.d c11;;: p:P.de1e:n:i:1~d biiud rntt: ot· in;;: s8n:plt: mode :n wf;leh 

th~ :JAR: 1·~cei,er s3mp:es the s,me cf" cocncnon d,;,,; line at a s,;p·,ple c3te exc~eding,; predetecm;;·,ed b3ud rnte. In t:·,e cnethcd ,:,f constructi,:,;-,, 

{c) ccBec-:::r.g ::arnp!e by-::es 1ndic~ting wi-:ether an e1T•:11· ussc-:ia-::ed '.<Vith -::he s;M has ,:1cc:..:rred by repe~to::d!y ::arnp!irig the st~t-2 of a c-:F:11~:1,:1P line d:.ir:r:g ~i-: error sigri~! 

windew occ:_;r;:;;g ~HP.: ·:he b:fe her~ bee:1 tr;;:nst::iEed :n step (b): 

(f) co:..:r.tin9 (67.0,622} thf: n:..:~be: fJf :rnn1p:e by-::er, to de-::err:1:nf: a -:::~e \.Vhen a p:--edetf::":ni1:ed gua1·d time ha:; ek:1~-):;ed r,:1:ce thf: byte v,;3;, t:"a1:sr:1:~ed :1: s-::ep JJ}; 

/~ild 

lkscripticr. 

:pterhce between p·,,:.decn 3'1d subsrnber inteface cnodul~ {INTERFACE 8:C::W:c:EN MODEM M,:J SUBSCRIBER it,TERFACE MODULE) 

The :;ubsc:·:~)e:, :dentif:ca-:::cn :-noc:ule (S!~,n i:;, fer exan1p:e, a s:nt:1·t ,_-_a:T:! :..:sfa! :r: co1:nectifJ:I 1Nith t: \riJi:"f:!esr, cor:1r:1:..:r.lcatior: rk:V:cf: (V'JCD) s:v.h 38 a ce!:ul3r 

;;;:diu:e!ephrrne. l\'pic:e1: S!~vis :r:G:L:de S::1;'.':!l C!"J::1pl:1e:· Bys1e:11B h;'.':1,1:r:g 8 ;__;<;nlrG!!er c1:1d r:1 t::e:1i;__1;y_ -n:e siM met::c:ry c:J:f:;'.':inB ir:fo:m~'~ic:n ;;:ssedr.1IP.d 1,,vith ·:he Bubsc::'ibH / 

;_jSer cf the V'/CD, :r:dudir:g, f.:11· examp;e, ~ s:.ibsuiber; user iden-:::t:er, a ph•:11~:ebook 1der:-::iftPQ 3 st•:11·0::d -::e:e::1;~:one mF:1!:1er b3r.k, 3n o::ncrypti•:11~: sequo::nce fer sec:..:re ,:fot~ 

ce:11:11ur:i:;8Lk1:1 Gire:· the r:1:t: r.1:1d the Hk.e ·r yp:cr:1!!y. the sd:scrlbet· c:e1;; ir:s1c1n lhe ~i!M Gr: lhe WC:D c:t· t·en:twf: '~he s:M fror~; thP- WCD. -n:e siM cf!:1 bf: t·et::twf:d fr:J::1 '~he r:r:~t 

YVCD ar:d :;;sta:!ed Gn the :.:eccnd VI/CD, thereby er:c1~Ji1ng the user the abi!ity t0 ·trar:sfe; ;71;;!e o fe;11c1!e ''id,e;;t:lkati-:..1;1" between WCDs. 

Coriver.tiori~! s:Ms p1-c,v:de u re!Gtive!y sirr.pk e!e-:t1·1ca: iPterfoce th3t ;pc:l_:des 3 S!M ! / o ::1,:11·t fer trari::rr:itting so::ria: d~t~ to ar:d 1·-2-:e:ving sei·iu! dat3 frcm ~Pother device 

(WCD), r:1 S!~v~ dG:;k :np:J: fo: :ec:e:1rin9 r.1 ck1ck, ;;:r:d ;'.': :·eBt:I sig;;r,1!. !1 :;;c!L:de:~ ~ reBt:t ir:pu1 fe:· :·ect::v:r:g. HGwe-,.re:, fu;;cllor:81 l:f:et·fr:!dng with cG:fve;;:.IG:'1;'.':! S:Ms (e.g., 

:n1e;c1,_·t10n i.-1nth ~mv~s and ac,_·es.s:r;u data frctr: s;Ms} e:;::n ~Je cctr:p!1e:;::ted ~Jee:m:.se the SIM has c1 proe:es.sor, c1;1d severa: .st;;r;dards 1hc1t r.::-qu:re c1 rd;::tivdy :.:Gphi.st:cated 

wt:y tc f .. l!ll:11:un:ct:tf: \ri1it~1 a s:M ( Fo:· f:xarr.pk:, the G!obal Syster:1 for Mcbl:e Cnn1n1:..1r:lf .. ations (GSM} standt:1·c:) car: ~v: co~p!:ca-::ed ~Jy-::he f::<:ste:-:ce_ ThNf:fo1·f:, the 

iu,,ctio~al 1n·terface wit~ the :31M by ,"e fu~c\ici;,al SIM ;r,terfoce iB much "VJr~ cccnpl;cffted \h,ir, ""'kP read;"g d3t3 frccn ,1wr,,ory, fo, ~x3cnpl~. l~s\e;;d, the SIM 3nd ,:k 

i·o::questirig device (e.g., W'CD) cor:r.e,:to::d -::o -::he s;M actL:3Hy -2xch3rige ccmm~i-:c;s arid respcnses iri a bac~ 3r.d for-::h m~Pner . .4 more cornp!ex prob!-21-:1 is th~t ::ome 

~;:~v~S 8ft; r:c:1 co;~1pr:1ilb:e with ;__;<;rr:rr:G:1:y W;C:ep:.HJ ~;:~ .... 1 i:1:.~rfacf: s1c1:1:.fards (eg c:s~v~). 

/~.;_;c0rdir:g!y, t~1>:re :.s a need to ;x0v:de ;:,:r: :r;terf;;ce for e!.::-e:·trica!;y c1;1d f:)nc·t:cnc1ny :r;terf;;cir:g 1~1>: iJ\ICD t•J the S!rv~, wh,e;,eby the VVCD .;_;an c.;_-1;1trrd and a-:..;ces.s the 

info1T:~:utior: c,:11~:tuined ;p -::he S!M. There i:: a!s,:1 a r:eec; for a S!M th~t 1s coi-:1::1ut1b:e w:-::h ,:,:1P-:P~:on!y ucce::1to;:c; SlM iritHfa•:e stari,:forc!s and un intei·faco:: cap~;:1le cf 

:n1e;fodng S!~v~s r.1wJ WCDs '~h81 e1;e wJ: ce:11p;;::_:b!e w:·:h 1heBt: s1c1:1:.fards. 

More-Gve;, ·there :s a ;1>:ed Le red:)ce p-:..Y,,ver c.;_-1;1s:.impticn, ccrr:pc;1>:nt ccu;1t, size ;:.:r:d •-'1"JSt cf WCDs. rhu:.:, it :s de.s1rab:e t•J red:.ice a!: th-e:.:e a.spects -:..-if t~V:- iJ\ICD, ind:.iding 

,;n intecfac~ for in,ertacing the WCG to ,he s:M. 

-1urnmary 

The ~Xf:sent ::-:ventl•,Y: p:--ovldf:s a :-nf:thnd and c::--cult fo: :1:te:,foc:r.r-1 t: WCD's rr.fJdf:11: to a S!M. The S!M ~xov:de:; ar: ::-:put; l!Utp:..1-:: (l / :J) pc!rt frJ:· t:,v:sn1:~:r:g a1:d :--ece:v:n9 

cG:r:inlK1~r~ d;'.':18, r:1 c:!ock i:1put ~r:C: e1 rt:se1 s:g:1;'.':! fe:· :·ect:i\1:r:g ;'.': S!M c!oc:k. i·: :ndudes;;: :P.se1 :r:p:J: frJ: :ec:e:1rin9 !:1 c:ne t:mbodi:11er:t, '~he pr~sen1 :;;ven1io;; :r:c:l:_;df:s 

-:ircL:itr; fo1· mterfoc:ng u modem t•:1 a s:M. This cii·,:ui-:: :r.c;udes ~ modem -:ontro!!er ~i-:c; a uriivers~; asyT:chror.cu:: trnnsco::1ver (UART) a-::-::achec; to -::he modern ccntrcBer. 

-:-he u;~Jff :;;c!L:de:~ ~ tt·;'.':nBr~;lnH ~r:C: e1 rt:eeivP-: fo: 1rr:1:1sn:iai;;g :fa'~;'.': Le ;;:r:d :ec:e:1rin9 (falr:1 fr:Jm '~he S:M ! / O pGr~ :_f;rough 8 ;__;<;rr:rr:G:1 C:c11c1 nr:e. ThP- c:i;;__;uil ;'.':!so ir:c:l:_;df:s e1 
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prograrr.m:3;:1le dock ,:irc:.i:-:: for gei~:erating :3 S!M do,:k and u UART C:cc~ b3s-2c; or: a -:ommor: c;ock ::1i·ov:ded t•:1 the prcgranFn~b!e c;ock-:1rc:..;it Th-:: progrnrr:rr.ao;e ck1,:k 

cir:;L:i1 g~net·~'~e.s thf: S!~v~ ;..-:kx;k ;::r:d ·:he U/}JF c:cek. :r:rfope:1dH1l!y of t:8ch o~f;H I:: reBprrnse ~o 8 ck1ck c:;__1;;:_;;._1: sig:1;::! frcrr: lhe :·n;__KiHr: :;c:ntrc:n~r. 

;r; ac-:..·JJrdance ·,,vith a;;c;ther aspect of fr1e p~-eser:t di:.:e::cs:)r>:, the progrnmmab!-e e:!cc:-.: circu:try ccF1 se!e•:t1ve!y e:v;b!e cF1d dis::iti!e the s;~;~ e::cc~ :r:d-ependent!y of the 

UART f..h.1ck :n reso•.Y:s-e tc t~1f: SIM dock e:~:able / dl:,ab:e cnnt:\1! s:91:aL 

;\;__-:crJrdi::9 t;J r.lrJ!J:het· ciBpP.!"/~ efthe lr1ve;;:.IGr1,;;: rr:rxfot:: ;..-:<;r:trG!!er p!;;:ces;;: UAR:" :.G !"Jper81e :n byte rr:rJde, ,1r1d the UJ\Rr ;ecP.i\1-H eo:!ecls c:;..1;;secu1i',.re tfate1 by1eB f;o;~-, thP­

:J,\Rr trn,E'miHer or S:M Ii O wben tranBr"rtted at the prowammable bacd ,,.,,e_ 

A.ccocd,,·,e; to anoth~r- aspect of the presem :nven,:cn, the mcd~r-.-, controll~r- configu,-~" ,he UART ,c op~rnte :n oamp:e 1·.-,c,de, ,;r-,d ,he UART receive r·~pea,edly s;Fni:,les 

tf;t; sig;;r,1! s1e11e Gf thP- c:;..1:11;~1or: d;°!'~;'.": nr:e '~c: ;..-:G!!eGL th~ sf!rne da:~ by:.t:s 81 d:ffer~r:t prrJgr~t::t::8blt: b;'.":ud r;;::_t:s. rhe rr:rJdern ;..-:<;r:lrG!!er e1brJ t·ef!dB lhe s;;:r~;p!e ;__fa:_;;: by1eB 

Qnd dete•:ts 3n -:r~•J~ •:rx1di1ic:1 ass;..1;..-:1ated 1Nifr1 the s;~,.,~ based rx1 the :.:amp!e data byt-:s c;..1Bec1ed by the U/~Rr ~e•:e:v-:r . 

.A.ccordii~iq to anoth-::1· aspe,:t of the iriver:-::icri, -::he -:irc:.iit ext1·elc-::s, opt1on3Uy dedares ::rnd : .. ax:l-2c!mes el s:M reset sigri~! in 1·-2spor:s-2 to 3 S!M 1·-2se-:: C-:Fiti·o! sign:3! frorn a 

;~1Gdf:m c:;..1;;:_;;..1:!P.r. 

·rhe s;M ! / o prxt cor:s::.:ts cf an oper:-dra::; ! / o prxt and a •:Gmmor: tfat::i !:r:e •:rx1r:e;..-:t-:d betv·,1-:er: the SIM!/ G port and the U/~Rr ~ece:ver. /.\cc;..vd:r;u ·to a:vJt~;er aspe•:t 

of-::he inveritic-P, th-2 circuit el!sc 1PC:L:d-2s 3 bu:::/:=- c11·,:ui-:: h,3vir:g :31~1 ir:put ,:c,nnect-2d to 3 UART-::rar:si~nitt-::1· elnd ,3ri c,utp:.i-:: ccrii~iec-::ed to~ ccrr:rr.cn c;ata !iri-::. 8:.is; / ;:­

ciru:itry prG1rides high irnpetfa;;ce h: ;..-:Gr~;rr:Gr1 dc11c1 Hr1es ,.,,.,..-he;; thP- '~r;'.":ns;~1:t:.H ,1pp!i~s 8 foB:. kJgic: IP-vel lrJ '~he :r:p:J: {:f'~he opP-r1-drni;; ir(~et·foce ciru:it ;;:r:d is <.xJrnrnor: 

wheri ti~ie-::rar:smittH elpp:i-2:: 3 s-::cor:d k:,qic kve! to the iri::1ut of the cp,;:p-drain ;pterfoce ,:irc:.ii-::. Prcvide 3 ;c,w ii~n::1edm-:c-:: to-::he s1gn3! ,:1P the ,:fat~ !:r.e . 

.A.ccordii~iq to anoth-::1· aspe,:t of the imrer:-::icri, -::he -:irc:.iit c,:1i~np1·1ses el tks-:: pcvver S\<Vitch ,:i:::,pnected be-::vv-2er1 -::he ::1,:1wer supply 1·~i! cf th-2 V'/CO :3Pd -::he p,:1wer iri::1ut of the 

bus!/ F cire::it ~r~P.d h: power the bus!/ F c:ru:it ThP- firs1 poi.'\1er Si.'\1i'~ch :~P.:e;..-::.:ve!y urn:1~e:s c1;;d dis;..-:<;r:nec:ts :_f;P. WGD fYJWer s:jpp!y r~i! :.o thP- pe1NP-r input Gf :_f;t; bL:s i / 

;:- circuit in res::11:::,nse to ti~ie tirst switch con-::rol siqnaL :;~ie circ:..i1t a:s,:1 induc;es ,3 first switch coi~iti·o; circuit that e>:tr,3,:ts 3 first svvit,:h centre! ::igr:a! 1n res:x,pse to ti~ie tirst 

cnn-:::\1l s:gna: frorr: thf: 1T:nderr: f .. 01:t1·oner, 1Nhf::·f:by thf: 1:~:nderr: co1:t1·oner Sf:!ecth/ely pn1Ne:"r, the si~,1 a:~:c: :--er:1c'H:s pcvve:-- t:\111: -::he SlM. cor. do. 

J\;..-:crJrdi:-:9 t;..1 r.1wJ:het· c1BpP.r/~ ef1he lr1ve;;:.IGr1, th~ drc:u:t eompt·is~s 8 BW;{:nd pGwe:· BWi1c:h erJr:nectHJ betv,;P.en th~ f..l!"JW~r S:jpp!y r~i! e,f :_f;t; WGD used :.o fYJWer :_f;t; ~;:~,.,~ 

~nd -::he :x,wer ii~iput ot-::he S!M. The s-::cor:d p,:1wer swi-::ch se:e,:tive!y ccrii~iec-::s :31~1c; dis,:onnects the W'CD pow-::1· s:..;pp!y r3i! foi· the S!M pcvver inp:..it 1n res:x,pse to ti~ie 

:;eccnd switch ccnt:"c! sigr.a:. The f..irc:.iit a!so ext:·t:cts o :;eccnd mri;ltd: centre! :;igr:a! in rer,~~)l:1:se tfJ tt:e secl:nd CfJ:lt:·fJ! sign a! f1\:11: the rr.fJdf:1:~: ccr.trc!h":1~ whereby the 

mcde:71 cor:tro:!e~ •:an pcvver ·the S;M and .sdective:y remove pov,1e~ frc:11 t~;e S!~vi. 

.4-:i:ordir:g to m10-::her ,3spec-:: cf the present ;pveritic-1\ th-2 circuit qenerates ar: ii~it-::1·1·u::1t fo1· ti~ie modem con-::ro!:er ~ft-21· ~ progr3rr:rr:ao;e de!~y tirr.e based on 3 ,:;ock 

:Y:ceh/ed by the intNv·a: tirnN and o de!oy cor:-:::--o: :,lgno! frcrr. t~1f: nioderr. cnnt1\:!ler. 

:r: ~nethe; ~rr:brJdin:e;;: __ ·:he p;eser:'~ i:r,.ren1k1:1 lr1dudt:s c1 r~;t:th!°Jd {:f i:1terfaclr1g c1 ;~IG(fom ,~{: e1 siM. ·rhe ;~1~thGd c:;..1:-,r:gurP.s the UAfff :.o Gpern1e :r: sc1:·np:t: ::Kxle r.1wJ 

,ndud~s Sff,ding bytes !rem th~ com men 'ine tc th~ SIM usrn~ a :J.4RT transr·.-,itter. The 1·.-,ethod 3lso includes r·~peatedly s;;;-npling th~ srn,e of th~ ccmmcn line d;;r·,r-,~ 

·:he ~r;;._1; :~igr:81 window ge;;t;r,11:on e1f1e; th~ byte h,1s b~t:r1 '~r;'.":ns;~1:t:.HJ, c:onec:ti;;g s8n:p!t: bytes ind:ca:::-:9 whe1he; ;;:r: et·rrJr ;'.":SBGCi81ed with th~ S!~A hc1B rx;c:u;:·ed ·n1e 

meHwd a!sc :r;c:udes deterrr:::;ing i.-1;hefr1er CFl error ass;..1•:ia-ted v1ifr1 the SIM h3s occurred tiased ;..11; the -SQrr;p!e byte 3nd r-:ser.d::;u ·the ~-Y{te to the SIM w~1>:n :1 i:.: 

dete:·:n::~:ed -::hot a:~: e:--:\x asr,ocio-::ed \.Vi-::h thf: S!M ho;, nccu:"red. 

n;t: pt·esH1I :r:vH1ilor: p;;..wides r.1r1 ime;fa;__-:t; C{:n:p:·iBlr1g c1 r~;t:th!°Jd f!:1d e:t·cu:t:y fGr P.!e;..-:t;ic,1!:y ,1r1d fl:n;..-::_:rrn~ny inte:·foc::r:g ;'.": WC:D ·:o c1 s:M, 1.-vhP-reby thP- WCD !";fin cGrr:m! 

,;nd access rnforT.-,ation wr-.tuined 'll ,he SIM. This ,r-,terhce io suffrcren,:y tlex,::,le tc ;;:low s:M and WGO ,o i,·,t~r·foce w,th a SIM th,;t is cc,1·.-,pmible with th~ ccmmcn:y 

;'.":C:Ct:fJ:ed SlM lnlerfw;e Btr.1wfot·d c1:1d with r.1 ~;:~vi 1hc11 :s r:d c:or~;p,1ilb!e with th~ s'~;'.":ntfa;d 

n;t: inte;foc:~ :r:c:!urfos :1i:..Mlp:e :r:tP.rf;;:ee c::rc:ji'~s :r~;p!et::e:1ted !"Jr: c1 :~i:-:9!2 ir:'~egrnted e:t·cu:t chip, wh:ch redlK-:t:s 1he crJrnpone:1:. <.XJ:jr:1, s: ... :.e ,1r1d p;..1wet· t·equ:r~rr:P.r(~s ;..1f 

ti~ieWCD. 

The :nte:--face :"e'.ises t~1f: circ:Jit1y or.d foatLires cf thf: 11:nderr: fJf thf: WCD, inf .. :udir.[-1 t~1f: niode:n cnn-:::\1!:w, ir.r,tf:ad of oddi1:g o dN:Hcoted con-:::\1!:e:· tfJ lrnplerr.f::~:t and 

•:Gn·trG! the interface, thereby redLlci:;g the nu:71~Jer of p3r-ts cf the WCD QPd ccn0ervin9 t~;e pcwer of-the WCD. 

~er examp!e, ·the :r;terfQce prcv1des a d3t3 ;..-:or;necti;..11; betw-:en the 171odem and the S!rv~ via the rr;odem UJ\!-rf. r~;e interfaces ext~::i•:t ar:d ;..-:or;tro! ·the :J.A.R~- clock ::;:;d S!M 

dock lndeper.rk::~:t!y fJf f:ach cthN. The ::~:terfoce a!:;n ext:·acts ond con-:::,ols t~1f: SIM rer,f:t sign a! ir.rk:~~)endent!y of-::he s:M and UART docks. A:, a rer,'.i!t, the lnte:--face ~1:":s 

QVailabi!ity for ir:ili::ilizi:19 and/ er re.s.::tt:r;u the lou:c ;..1f t~1>: S!M, d.::tectir.g >:rr-Jr cGndi1k1:1:.: se:1t by the SIM, det-:ctir:g vvhen t~1>: S!M iB ins1c1!;ed i:1 t~;e YVCD, re:11;..Y,,red frorr: 

t:·,e WCD, 3'1d so forth. 

The :nte:--face ::~:elude:; a b:E ir.terfacf: circuit conr:ef .. tf:d behveer: thf: 11:nderr: rv:c: the S!M, thereby a:kx,,vir.[-1 t~1f: nioderr. t:1:d -::he SlM tl: sha:"e a ccrr.rr.fJ:I da-::a k:e :JSfa! tn 

•:rxnmLlr.i;..-:ate data ~Jetwee:; the 11.-1.-·o dev:ces, The inte~fa;..-:e m3y repea1edly .sQrr;p!e the com mer. dQta !ine in -SQrr;p!e nx1d-: tG dete;..-:t an errcr c;..1:;ditior: ::i:.:sociQt>:d w:t~; the 

s:M. Optronally, t:·,e inte,fac~ n-.ay sa:-nple t:·,e cc'TmH·, darn 1,r-.e in by,e mod~, thus ccll~cting d,;t,; byteo oc ch;;,·;;cters co,·,1,·,1;;r-.ic3ti,·,e; on the common d;;t,; line. 

The :nte:--face f .. an se:ec-::ive!y ~~)l:ww ~J'.iS inte:"farx: circ:Jits or.d :·f:1:~:l:ve ~~)l:ww frorr: thf::~n, -::hu;, cor:sf::"v·ing (JfJVver in tt:e VVCD and (J:"ctectlng -::he s:M ar:d :flfJdern w~1en -::he 

s;M :s :1ot in l:-S':. 

·i ::~~block d:;;:gr,1rn of 8 WC:D ~ (l,~ :_f;r,1t rn~y bf: prnc:t:<..:ed wilh '~he pr~sen1 :;;ventk1;; WCD ·: !)t~ ind:K]es ce!h..d,1r w:r~less tt:!eph;._1;;t;s, s~·:e!!::.~ w:;e!P.ss :.t:!eph;._1;;t;s, 

PCM CU\ cards ::;t-:urated i:;t•J a cc:1ip:)t>:r, a:;d the !:ke. WCD 1 [li!. indud-:s a trc1:1:.:m:·t / rece:,,re c1:;t-:nn3 1 cir:, and c1 sigr.a! prGce.s:.:ing :1wd:Ae 108 cor:r.e;..-:t-:d ·to a:1te:;r;a 

! C:6. 'NCD ·1 Qf..:. niay be ccn:~:ec-::ed tfJ cnnip:..;-::er ·i ·1 Q by dt:t:": !:n;( 112 C 

·rhe :~ignc1! pmees:~ir1g n:ed:.;!P. ~ OB I ns'~;'.":!b (p!L:gB Ir:) ;'.":tKi r~rr:G,1eB (unp:ug:~) rnd:o frequer:ey (RF} :·ecP.fJ:i{:n (Rx) ;;:r:d ·:r~r:s:11:ssie:1 ( :"x) se;..-::_:Gns 116, '~he ;~1odt:rn ~ ✓-0, ~r:d 

,he oi~nal pr-c-cessrn~ mcdu:e, 08 frcm ,t. A. conven,ion31 SIM 122i. Moden-. 120 ,r-,c:ud~s a dff.-,c-du:atcr / dewciec sect,on and un enwdec / IT,odcl;;to,· oeecicn both 

cc:J~~J!ed tc RF R.<; Tx :,ec-::icr. ·116. Mede:~:! 1 :?.O o!:,l: ir.c:Lides :": 11:oderr. f .. l:nt1\:!!er fer CfJ:~:t:"fJ:!ir:g thf: 11:nderr: a:~:c: SIM ·i 22 as de:;c:--ibed belc'N. Typlco! SIM 122 ::~:d:..;de:; a 

:.:ma:! •:rxnp:..;ter .system ~lQVing a ccntrcBer ar:d ::i memory. ·rhe .SH\1 :71>:mrxy i:v:!LldeB, for exQmp!e, informa-t:or. ::isscc:Qted 1.-1.-·:th sub0criber / :..;ser 1der.1ifier:.:, p~vJ:;ebookB 

:der:-::ify:1:g stcred phone :llirnbe:-- bonks. :~:lf:ssa~v:s. :":1:d enf_.:yptior: :,eq:.ienf .. f:S for Sf:cu:,e put·--;:lc data cor:1r:1unicatior:c T~1e ir.-../en-::ior. f .. an be '.ised vvi-::h a s:M which ir, 
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ccmp~tib!e vvi"::h the foncn,'lfii~iq stam:l~1·ds: !SO/ lt:C 78 ~ 6, Tlfa. ! E!A !S-B2Q, GSM 1: .11 arid gstT: 11.: 2. ~c,wever, the pres-2Pt ir:vo;:Ptior: is no-:: !ii~nit-::d -::o -::he ~se cf S!M::, arid 

~f;Ht:fGrt: ~;:~v~s '✓,thk-:h ~:e tK1~ ~Xf!G~ly c:e:·npQ:.lb!e w:·:h the r.1~xNe s-:~::C:ci:·dB rr:~y bt: ::sed. 

~;:g:1Q! pt·oce:~s:ng ;~1cdu!e 108 :::c:lurfos e1 S!~A :nte:'fcH.-:~ O I 1=} ·! :m (shoi.'\1:: i;; i=!G. ·i) ce:1~:gu:P.d f!:1d Gpet·~'~ivt: :n QC:;c:t·dcHK':t: w::_f; lhe p:·i:1cip:eB Gf lhe p:·e:~P.:r: invP-::'~ien 

toe inte0f3c;ng modem :20 m SIM 122. de. s:M I/ F 130 ;pc,ud~s an ;ntecnal SIM I/ F 1303 msid~ modem 120. SiM I/ F 130 3lsc, iccl;;cies ;;;-, extwn;;I SIM I/ F 130b 

•.:\~(~er::81 :.c :w"J:forn 1 ?O. ~ .... iode:·n ·: :-?D ::18y :;ontt·o! ;::r:d ;'.':C:;.::t:ss :r:f<;r;~1r.1nGr1 c:;..1;;:_;::lr1ed :r: S!~vi -: ~'.~'- viii s:M ! / 1= ·rm :n ;'.': rne1;;r:P.r described b~kJw 

/.\. brief ;__y,,rervi-ew cf the oper3ticn •A t~;e \NCD 104 i.s prG,_tid.::-d. !r: t~k rece:1,rir:9 d1recticn, the CFlt-er;na 106 of the WCD 1 Ll4 re;..;eiv-es fr1e Rf-'. sigm=d 14Ll 1rnn.srr;1tted frrxn 

3noth-::1· wirek:ss -:ornrn:.ir:ic~tion device (rKit showi~i), su,:h as ~ bas-2 s-::a-::icr:, rnobi!-2 s-::a-::icr:, or the like. RF sigr:3! 140 rr:3"'{ be -:ornpa-::ib!-2 with m1y i~iLllTiber cf 

cGrnrfl:jr:k;r.1nrJr1 pn .. 11c:c:o:s, :r:e:ud:r:g. fr:r ex,1rnp!e, cc:d-e div::~io:: rnuh:p!e e1cees:~ (COM/},) c:e:11:11:_;r:ir;8lk1:1 prGtGeo!s r=n= sig;;r,1! -:,~Cl r~;r,1y e1:so c:e1r:y i::forrrnf~ic:n fo:n~ciaed 

~cccrdirig to 3 d~t~ protoco! such ~:: TCP / ;p (T1·~ps3cti•:1P Control Protocd ! !ritHi~iet Protoco:) . 

.A.n-::er:n~: OS prcv1des RF sign~; 140 tc RF Rx; Tx sec-::icn 1: 6. The R;= secti•:1P 11 l: frequ-::Pcy 1Jown,:0Pver-::s th-:: received RF sigr:3! and prcvides el treq:..;en,:y 

dGwr:;..;or:1re:·'~ed :~ig::8!, sud: ~s ;::r: ir:1en::ed:r.11P. frP-qL:e:1cy on ;__1; br.1sebc1;;(j sig:1;::!, 1e ~h~ det::ed~dr.llGr / df:!";(:tfo; of :_f;t; ::iode:11 ·: O:.?. -n~e (forfJOdL:!8:.or / d~C!"Jder s~e:ior: 

demodcl;;,~s 3nd ,:-,en dewdes th~ down-conv~1·t~d sign;;! to produce demed;;lated 3;-,,:; decod~d sig;-,uls uoab:e, for ex;;;-,ii:,le, ;n WCD 104 er c,:,1-,-,putec 1, 0. 

in th~ trnnsmissicn ;:J;rec,icn, the medu:ator / enced~1· section of the medff,-, 120 encodes m,d mcdu:utes th~ darn ,c b~ tmnsmitted wirekssly,o ,he wirel~ss d~vic~. and 

provide:~~ be1:~f:b;'.':tKi Gr n= sigr:,1! e:K'.Gded e1;;d rnodL:!e1:.HJ ir:h: the r<i= :h; ·:·x sec:~:or: ·i ·i 6. n,~ HF R,; rx se;..;:_:Gn ·i-: 6 freq:_;H1r;y upc{:twP-rts ·:he b;::sebc1:1d Gr !F s:gn~! t;..1 

::11·,:11Juce ~P RF-::rar:si~nissiori sign~;. The RF R:< / Tx sec-::icn 1: 6 provi1Jes th-2 an-::er:n~ 1 OS with 3r: RF ti-~Psmit sign a! to be -::rar:srntt-21::; vvii·-2!ess;y by the 3i~it"::Pll3. 

Extern~! SIM I/ t (13Gb; 

?..A Is a ~J!nck dlagrn~ !"Jf a1: exte:·nt:! s:M ! / F ·12ob in acccrdance 'Nit!: 3r, f:1:~:bnd:~ent oftt:e p:--esf:1:t ir:'H:ntior:c l:~: nG. "2..A., e.ctenia! SlM ! / r !'.::C:b is s~1owr: a:;soclt:tf:d 

w;tb bo-th mcdd" 1 d o"d ccnwn·ticnal SIM 122. t, ;ynic,il SIM ,22 1s a s:M i~pl:\ / cutpu, (Ii o) acr-t 2Ll6, a SIM d0ck 1nnct 208 and a s:M reset ;;,put ·that ser;d sec;;;! 

data ~Jlts ~o and n::cei\ie r,f:rl al data b:-::s fro~ thf: 1:~:nde~ ·! 2G. A.1:d 2; o. 

Tt:e s:M l / o pc:~ 206 ls C!"J:~:1:ected to a :--ecf:ive ~~Jl!l"t ('.RX''} nftl:e ~crk::~:11:?0 "<./ia 3 !",l!l:~:11:nn data !ine 2·17.. ccr.w:cted bf:tvveen tt:e s:M ! / o per-:: and tt:e r:1cde:n RX pl!rt. 

Car: be sent). M;..1d.::-m l 2U :r;e::ud-es 3 lran.srr;iss:•JP port (der:c1ed as ·•~-x·•; tha-t trar:-3;71:t:.: 3 tfat::i sign::;! ccrr:pri.s1ng <x1;;secut:1,re tfat::i bi·ts 1c S;M ! / O pGrt 206. ~-he rr;odem 

TX per-:: Sf::~:c:s a data sl~v:a! ~o the!/ o ~~Jl!I'"! ?..G6-::h:--o:..;gh :":bus;/;: c:rcuit ?..1•~ hrNir:g a:~: ir:put !",l!l:nected h! the rr:!"Jdf:11: TX port ar:d t:1: o:..;~put co1:nected to the C!"J:~:1:~:101: 

:.fat,1 :i:1~ :-ti ✓-. n,~ rnode:11 :"X: pGr~ r:r:~t send:~~ tfa~e1 si9ne1: IG ·:he b:_;s: / F drc:jil i:1put ~::cl :r: rP-spe:v~P- '~he bus!; F cire::i1 ;..1u:.p:_;t sendB ~ C:c11c1 sigr:ci: tG ·:he SlM i / Cl ".?06 

via th~ common duta :in~ 212. Th~refore, mod~1T, 120 trnnolT,i,s c,:,;-,tmuous ciata ,o 3n;:I rece;ves con,icueuo d3rn !rem SIM I/ O i:,c,1·t '.'Q6 vi,; common dutil :in~ 212. 1;-, 

·:he p;~ser:1 i;;ventk1;;, t::{1tfo;~1 ·! :.?D find siM: / D p!"Jrt :.?Dh rnciy scife:y sf;r.1rf: ce:11:1i;._1;; d~-:~ !:r:f: ✓-1 ~: duP. ,~{1 bu:~:/:= c::rcui'~ry ~'.14 ~s d~sct·ibed be!ew. 

MG(fo::J ':~'.Cl t;;(~r;'.':C:18 :_(;f; ~;:~,.,~ dGek c~:!M_CU-:.'') fre:11 :_f;t; ::iode:11 outpul :8b-e!P.d ''CU<'' in:= iG :.?A 8r1d 1rnnBr~;ils the siM de;..;k ·:o S!M :r:p:J: ✓-OH 1/i;'.': dGr;k :ir1e ~'.".?O "!he SlM 

clock d1wes logic in the SIM 122. T:-,e modem 120 m3y sel~ctive:y e;-,uble ;;;-,,:; dis,;ble the SIM dock ,o c,:,;-,,;·,:,: the SIM 122. 

Mcde:~n 1:?.0 ext:·t:cts ~he s;M :·eset :;igr:a! ("SlM_RST"} fro:~n the ~cde:~n nutpu-:: !a~Jf:!ed ··RsT" In nG. "2..A. 3r,d t:,v:sni:~s thf: S!M :--esf:t s:gr.a; tn s:M re:,et :r:put 7..·1 G vlt: reset 

:ir1e ~'.".!2. ·:he s:M mse1 Blgr1;'.':! c,1r1 be used ~;..1 r~se11he siM ·i ✓-✓-. ModP.rn -:~:o ;~1r.1y ;..1p~:Gr:,1:!y dec:l;::m ;'.':r:d :_;r:dec:!;::r~ S!M t·es~t sig:1;::!s h: ;__;<;r:trG! ~;:M 1~'.".? 

·rr:e f;r:.:t pow.::r SLlpp!y rail 230 (:r:di•:ated by ··siM \/DD'') th::it 1s e:::-terna: 1c t~k rnoderr: 12G supplies power 1c t~k po•..-..·.::-r s:..;pp!y inp:)t Gf the S!f\1122 vi::i the S!M p•Jwer 

svvi-::ch 23?.. The oower ;,,,,v:~ch ?.3:?. r:13y sek:cti'H:;y p!"JVver and 1·f:11:nve pmr,;e:· frcrr: t~1f: SIM ; 22 In resoo1:se tc t~1f: SIM pcvve:-- ccnt:cd s:gr.a; p:\1vldf:d -::o ~he :;"1Nlt!".t: :?32 \/la 

t~;e :in.::- 234. M;..1dem l '2.U -extracts t~k S!M pcvver centre! sigr:al fr•Jrr; the first p•Jwer e;;ab!e •J:)tput (der:cted ~s ''PiJ\IR EN1 '') c,f rr;Gderr: 12, ·thereby 3!!,x,,vir:9 t~;e mode111 t•J 

-:onsei·ve pc'vver wh-::P s:M 122 is not :..ised. Ti-ie s:M 122 c3r: ti-:: sekc-::iv-2!y p,:1wered ,:1P ar:d p,:1wered off A typic~; switchir:g circt.:it fer th-2 powH swit,:h 232 ii~ic!t.:d-2:: 3 

:=Er trn:v~is'~{:t· hc1i.ri::9 e1 soL:rc:-e-drni:: pe1~h <xJ::r:ec:.HJ betv•;P.er: the p!"JW-er S:jpp!y r~i! 2:3D ;'.':r:d :_f;t; po1,,vH SL:pply i:1p:_;:_ Gf the ~i!M 122 ~r:d;:: g~·:e e:w/~rrJde ;..;Gnr1ec:1-ed tG lhe 

:in~ 234. de-. 

Ti-ie se-:ond exterPa: power su::1p!y i-~d 240 (d-::Poted ''B:..;s v'DD'') st.:pp;1es ::1,:1wer tc th-:: pow-::r s:..;pp!y inp:..it of the bt.:s ! ; F cir•::..i1t 124 via the bus power svvi-::ch 244. The 

rx:1Nf:r SL:pp:y rn::s ✓-JO ;::wJ ✓-1~0 ;~1r.1y be the se1r~;t; ot· C:iffore:1~ pGwe:· Bupp:y rni:s. Thf: pewP-r sv•;ileh ~:,~~~ rr:,1y pGwe:· th-e b:jS l / := eit·cu::. 2·! t~ {1t" t·ernevf: pev•;P.r frGrr: ·:he b:_;s 

power centre! oign3I provid~ci to ,he switch 244 y;a ,he :me 2&8. Modem 120 e>:,,3c,o ,he bes power ccntrcl oigcal f;·om ,:-,e second pev;ec en;;::,le output (d~i-,oted 3S 

''PINR t}~?.") l!f 1:~:lx:!er:1 ·! 20, wt:e:·eby tt:e r:1ode:n pl\!tf:c-::s the S!M 3r,d :~:1oc:en1 ci:"Giit ot -::he o:·f:ser.t l:~:ver.tl!"J:~: and co1:serH:s pc'1✓e:·. The bus ! / F c::--cult:y :?.1 •~ ~ay" 

.-_-1pt1Gn3!!y be powered Gn and off The pci.-1;er sw1te:h 2i!.i:. may :r;e::ud.::- a svvi·tch ;__;1re::..;il .s1mi:c1r1c t~k s1,,1,,·1tch '2~1i!. circuit ~s de.scribed ~bm,e, 

.A.s rr:ei~itioned ~;:ic,ve, the externa: S!M ! / F 13C:b is 3 p,:1wer swi-::ch (-2 .. q., re-:=::..iired tc ,:m-1-y-::he ~;:ic,ve-d-::scrib-2d ir:-::ertace sigr:3ls (e.g., SlM __ CLK, S!tvl_RST, d3t3 sigr:3;s 3nd 

pcwe:· centre! :;igr.a!:;} be~Wf:en ~he :~:Rx!eni ; 2Q and ~he s;M 1 :?2). 232, 244, bus l / r- c:rcuit:y ·? 1 ~~, and ~u!tip!e r,igna: !ines ?..31-!, 2<08, 2; 2, :?20, ?.:?.:?. :":1:d -::he !ike. 

i':....s mer:ticn-ed abcve. th-e mGderr: 120 and the !3!M 1'2'2 .share c1 •:rx11rnor: !:r;e '2.12, !3!M: / G port 206 i:.: ccr:fig:)r>:d 3S an ope11-drnir: cutput. Op.::-n-drain •Jutputs are kno1,,1,,•;;. 

Tt:e:·ettxe. cnn:11:on i::~:e 2 ;2 :":tt:":ched t!"J S!M l / :J ptxt :?.QC, i:, refe:Ted ~o 1:1:, ar: C(Jf:1:-d:--a:n ~JliS. Bur,!; r Cl:C'.iltry 2·!<0 cnnr:e!",t:; tn ccrnrn!"J:~: Hr.e ?.1:? (open-d1·t:ln bu:,) at the 

deBlrwJ \.'cMr.1ge !~ire! '✓,..-i1heu~ :.farr:~ging Gne ef the r~;Gdet::s 12D ~x {1r:e Gf thf: S!Ms ·: :.?7- sh;::r:r:g ;'.': ;__;<;r~;rr:rrn !i;;t;_ PrrJ,dd~ ~r: :;;dudblt: ::iec:h;::nisrn. 

;r; the ~F,e:.:er:t i111,rer:1ic11, ·the 11wd.::-m ·trans111:t and rec.::-1ve port.s TX ar:d RX -e~e:h h::i,,re c1 dedic::it.::-d func1k111. Moderr: 1ra11:.:mi·t pen ·rx indude.s dr:ve ,-:ire::..;itry t~;at actively 

;e3d;, tt:e 3~-::3c~1fa! !inf: tn eithf::· a h:r.ih l!I" !ow \/o:ta[-!f: !e'H:! (ccr:--esoo1:dir:g tc :": logi!", h:gh ''"! '' 01· !og:c ;nv,; ··o·' ~JI nary \/a:!H:}. The ~cde:~n recelv·e pc:~ RX ca:~: sen:,e 

(s8:11p:t:} lhe VGH,1ge l~1rel Gn '~he cGrr:rr:rJr1 !:;;t; ✓--:~: ;::r:d inte;p:·e~ ~f;ls !-eve! ;::s ei~hH 8 :eg:c high"·:" Gr~ k19:c !ew ''D'' bi:1;::ryve1:ue. i:1 gP.::e:·cit fin RX: pGr~ c,1r1::d SH1se ~h~ 

:eve: (st~t-2) of el TX per-:: :..;r:!-::ss ~ physic3! ,:onnecti•:1P e>:ists betvveen th-:: RX ar:d TX p,:11·ts. 

:1fa:a:,.;sf: the TX p!"J:"'~ driv·e ci:"Giit:·y !Ktively" :r.d:v.es thf: attached !:r:e, o-::her dev:ce:; a-::-::achfa! ar:d ::~:duci:19 the sa:~:lf: !inf: ir: a 1:~:anner C•,Ynpetir:g vvi-::h ~he TX pl!rt ca:Jsf: 

d8rne1gt: ·:rJ '~he :"X: pGr~ dr:ve dre::i1t-y ;::wJ / !"Jr r;f!~r~P- L:n:1~cesBr.1ry c:u;:·e;;:_ dmw i=rJr ex;::rr:p!e, eo::r:ecnng '~he siM ! / o pGr:. :.?!Vi C:i:·ectlyte ~h~ rnode:11 :"X: pGr~ ;~1r.1y c:;::use 

-::he i~n,:1dern wi~ien -::he s;M l; O port 206 is driven to a !ovv :cgic :eve:, s:.ich ~s prcv1dir:g ~ !ow 1·-::sist3ri,:e p3th t•:1 gro:.ir:d. Th-:: TX port result:: ir: ~ s-::a-::e th3t is driven -::o 3 

f;igh !ogle !-eve!. Slw;e ~h~ fK/~entie1: difforer:c:~ is bt:twe,e;; grrJ:j::(: 1h;;..1ugh lhe low res:s-:~::c:-e p~·:h, ~ht: S!M ! ; o rx:n ✓-06 c,1r1 t·educP. '~he f;lgh c:ur:·e;;:_ f;;._1;~1 :.hf: t::{1de;~1 TX 

port :)rider the •:rJndi1ic11:.: de.s•:r:bed a~J•Jve. f~.s a resu;t, eit~1>:r the rr:ctiei7l 1 06 er the S!M 12'2 ;..;an be damaged, 

in o;·d~r tc, sec;;1·ely ;nterfoce o,:,th the mcde;-,1 TX and RX pecrn to ,:-,e SiM I / O per. 206, the buo i / ;: 21" is c,:,ntigcred ;p an oprn-dc3in bus c,:,;-,f1gucmicn th,;t is 

CGrflfJ;'.':'~ibl~ w:~h thf: S!M l / 0 pe:·'~ ~'.06 ..'\dr.1pl. U::s: / := :.?DI..:- ep~rntt:s c!B fG!kNn: 

1) Whe;; the rr:cd-err; ·r X port is d;:1,rir:g !ogic ~1:gh 31 the 1npu11c ~J:)s ! / ~ ;..;1rcLli1ry 214, the outpLl·t of bu.s ! / F ci;;__;ui try prcv1des ~ high :mpedan;..;e ·to c;..1i7V7VJP !in-e 212, and 

,hus ,c, a com;-,1,:,;-, lin~. The c,:,nnected ex,ern31 dev;ce m3y '·pu:I up·' the voltage on the com;-,1,:,;-, lin~ 212 ,c 3 logic :-,1gh l~vel c-1· "i:,ull dov;n" ,c 3 logic :ow level: and 

?..) '....Vl:er: the 1:~:nde~ TX p!"J:·t I:; d:--:·,_1::~:g lcglc lo'N at the ::~:put to bu:, ! / r Cl:!",'.ilt1y 2·! <0 , the !"J:Jt(J'.it nf bus l / r- c:rcuit:·y :? 1 ~~ I:; depe:~:t!en-:: er. t~1f: si[-!:I:":! or. !",l!l"':~:11:nn H:~:e 2 ! 2 

(e.~1,, S!M !). / C pert 2U6) le ~v;..Y,,ride ~ !ow 1:-npetfa;;ce pc11~1, sc t~l~t the v•)taue en cornrnor: !:r;e '2.12 1s driver: le ::i !0gic !GY11 leveL 
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2B is a c;;·cui, di3•;v,rn·, of the bus I/ F c;I·cu:, 260 correspcnd;pg m ,he bus I/ F circcit 214. :c F'G. 28, reference level •'R)(" ieg, ··p4'•) I·eI:,resents a res;stance m,d refece;·,ce 

:P.ve: ''Q:(' ( eg "Q1 ··; :·ep;eser:1s Q 1mr1siB:.or. -:-he b:_;s ! ; F ;..-:lrc:j:1 ~'.60 ir1d:_;dt:s c1 Drsl N:=:N '~r~r:s:s1Gr 7-h✓- (Q7-) ~r:d Q secor:d :--~:=:N '~r~r:s:sl:"Jr /.ht~ (Qt~) ctrn:1~e:ec: :;; serie:~ 

t~;eret0. [a,:.:Ji transi:.:tor 262, 264 is •:rxrf:gured as CFl Gper: .;_;c;!!ect-:..v :r;verter, AB des.;::r:bed at."l,:.:r,,re, t~;e output 1e~:1i:ria! 266 (•:Gnnected tG fr1e .;_;c;rr;rr;rx1 !i;;e 21 '2) cf the bus l 

/ r- c::--cult ?..60 :s cnn~ef .. tf:c: ta ~he :I:p: .. r:: ~er:---:1:na: ·z70 (c(v:1:ec~ed tfJ tt:e :--·ncde:·n TX ptxt} oft~1e b:..:s ! ; r- circ:Jit. Pl\!Virk:s- eithf:1· high ::-n~-Jedar.rx: o:, !e'N i:--·npeda:-:ce pat~1:; 

for sig;;a!s .;_1;; e:omrr:cn lines, 

;:Gr sirr.p!:e:ity, tw•J im,-erte; :.:taues •:Grr.::-spcr.d:r;u ·to tr3r.s:stors "262 and "26i!. are sh-:..Y,,vr: i;1 F!G. 2/.\.. 8:..;t the :nverter .st;;ge r.e-ed not be 1deaL For ex;;rr;p!e, t~;e ·f:rs1 :;;vener 

:;tage :nay be a !egif .. ::n:'H:rtN tt:at :s Of:rfrJ:":nfa! ::n: rv:y ~;/Of: ot :er.ii-:. suet: as, fo1· exarr.ole, TTL l!I" CMC:S .. ::-: additifJ:\ ~he :;ecend ln'H::1e:" :,tage rr.ai be t:1: N-char.nf:: 

en~1;;nced MC:.SFtT :r. additior:, t~;e :..;s.::- Gf twc :r;verter stages i:.: no·t r.e•_·essa;y __ .O,r:y e:ircu:t t~;at meets t~;e ir.put / -:..1utp:_:t reqLlire:11,e;;ts des•-·ribed a~JGVe ;71;;y be used, 

3 i:: a bk1ck di~qram of an 1ntern3! s:M !F ~30:3 (n ccrit:3,:t with S!M ! / F 13□ ;:1) 111 3cu::-rc;ance with :3P etT:bcdii~:1ent ot-::he pi·eser.t ii~:ver.tiori. !n a ::11·,:Je1To::d err.bodiP~:en-::, 

~f;t; p:u:·c1Hty ef ;..-::rc:ji'~s Qssc:c:r.1twJ 1,,vl th lhe :;;:_~rr:,1! ~i!M n= ·i :H!8 Qr~ :;c:n~g:_;rHJ or. e1 sir.g!~ ir.1efFi:1~ed drc:u:t chip :?,t;·! in.side the r~;c;dP.m 1 ~'.Cl (Qs de.scribed QbG1re}, thus 

;·eciucing the numoeI· of parts cf ,he WGD 104 and Red;;ced i;·, s:ze 

!v1odem controller 

:1:ten1a: SlM ! ; r- 13C:a :ndudf:S a :noden1 cent:-e!:e:, 302 (cf:1:t1·t:! procf::;s:n9 Lin:~ (CPU}) CO'.ip!ed tfJ t!ata bur, 30•~ D3~a ~J'.iS- 3C:4 is ar,:;nc:ated 1Nith an 3dd:-e:;s bu:, and 

data ;,ead 3r,d wri·te -SlfJn3!.s (PGt shei.-1;n} as :s kn•Y•,Vr: le t~v.-i:.:e s:-.:i!:ed 1n the ;;rt ~1~Gdem c•J;;t;o)!er 302 :s preferat-i!y a 32-bil c•J;;tr•)!er (J2-bit ;,educticn .-_·rxnmar:d .set 

ccn,,ci:er), and ciata bus 3040 is preferably a 32-1:-it bus. 

Ml!t!e:n:1 CfJ:-:t:"fJ:!e:-- 3C:2 :-nt:y write data t:1:d; tx cetT:rr.ands- (cer.trd :;ig:n:al:;} h! o-::her c:1·-:.u:-:: eh":11:e:n:~s (de:;e:--:bed bele't✓) co:..1p!ed h! d3~3 ~J'.iS- 3C:4. The tT:ede:-n co:n:~:--one:­

JU2 ;71;;y read da-t3 from eH1,e; ,jrcuit dements at apprcpriat.::- times, The rr:cd,e;71 e:or:tro:!-er 3G2 3c-:..-:ess-es (eg, writes and/ or read.s) V3rieu.s Gther de,,rice.s ccr.n-ected le 

-::he dt:ta b:..:s 3G,~ :..:s:1:g :n:1err.e:-y 11:apped aece:,s- -::ec~1:-:lq:..1er,,:; G po:--t accf:s-s ted:n:que:; o:-- o~he: acees:, technit":Lies ;(no\ri;n tl! those :;ki!:ed in tt:e 3rt. }can ~"fo. 

Ml!t!e:n:1 CfJ:-:t:"fJ:!e:-- 3C:2 :-nt:y ref .. ei'H: nne e:" :nfJ:"f: in-::er:--:..1p~ sig1:a:s 3G6 38 t!esc:"i~Jf:d be!ovv, each assec:ated with 3 diffo:"f:1:t i:n:~err:..1p~ r,tatf: fro1:-: varifJ:E ci:"C'.ilt e:e:-nf:1:ts 

ce:v;e::-;·ted 1-:..1 data bus 304. rh-e spec:lk tr:e•_·har:is;71 ass-:..K·ia-ted v1ifr1 i:1t,er;upt r.::-e:epti-:..1:1 1s k;;c;\/lm, 

,:·,e cccde;·,1 coccrollw 302 ccntrcls the c;I·cu:cry ,v,,J functicns at ,he modem 104, bu, ,he m-:,decc 104 such ,is demcd;;latioc / decc-dicg, enccd;pg / modcl3t;,:,1\ 3'1d darn 

t:"a:-:s-n1:s:,lon 'Nlth::n: thf: 11:ndetT: ·! Qf..:. and bf:tvveen an extf:ri:a! rk:\..-:cf: s-:..1ch as ~he cnn1p:..:~er ·! ·i Q and the 1:-:lX:!e:n:1 .. } l:, no-:: di:-ect:y related ~o intNfacing te SlM 1 :?.;?_ Thf: 

pres.::-nt ir.ventior. re:_:ses t~k modem •_-rJntrc;!!er 3Cl2 as a S!M ir.terfac-e e:or.1ro:!-er. -rhis car: .s1mp!y pre1_te:1t addir.9 ;;nother c.;_1;;t;.;_1Ber ·to c.;_1;;t;.;_1; the S!f\1 :r;terf;;ce, t~;ereby 

:--ediKlng ~he pl!l/'!e:" f .. l!nsurr.ptio:-:, CfJ:;t and co1:-:pnner.t f .. Olint ot-::he \.VCD ; 0<0 whih": n13inta:1:i:n:g a f:exi;-J:e and pnv,;e:-fu! S!M ::n:~erfacf:. 

:1:ten1a: SlM ! ; r- 13C:a :-nay a:s-o inc!:..1de s:M powN cnn-:::\1! c:1·-:.u:-:: :308, b:..:s ~-)l!l/'fe:" f .. l!l"':tl\!! ci:"C'.ilt 3 ! C:, U.4RT 31:?., UART dock c:1·cu:~ :::·!<c, s:M c:l!Gk f..lrc:..1:t 3·16, inte:-nt:! 

·tirr:er 318. J\nd a s;M reset -:..-:1rcLlit ~12Cl, eadi of w~i:r..:h i.s ccr.n-ected le a data bu.s 304. 

Power control 

The s:M powf:1· co:n:~:--o: c:1\::..1:~ :308 t!e:'i'H::; -::he SlM pnwe:- cnnt:\1! si~ma: (F!G 2.4) in 1·f:sper.r,f: to ~he s:M powN con-:::\1! r,:gna: 33G { co:n:1:n:13nd 330} :'eceived frerr. thf: 

;~1Gdf:m (';;__');;:_;;__')nf:r :H:~:, ~r:d thu:~ lhe :1KKiHr: !";(:ntrc:!!H 3D/.. Mciy rx:v,;t:r-Gr1 fend pGwe;-offthe S!M ·i ✓-~'.. 

5itr:ilady, b:..;s pc;wer .;_-:c;ntrG! circ:_:1t 31 U d.::r:ves a bus pGY11e; •_-rJn·trG! s:gr;a: (HG. 2!\) i:1 r.::-spcr.s.::- to bu.s poY11-er con·trG! s:gna: 332 rece:,,red frcrr: :1wd.::-m ccntrcUer 302, 

-::here~JY a!k!win9 1:-:ndetT: co1:t1·oner :302 to p:\1vidf: a bu:,. l / F c:1·-:.u:-:::--y 2·1 f..:. 11:ay ;-£~ pewe:,ed en and pewe:--ed eff_ Thf: eor.tro: f..lrc:..1:ts 3GB, T! Q 11:ay ;-£~ :atct:ed ~o the !mch 

dr.1t,1 ve1!ue ''(:'' ;..1:· ··r provided tG lhe tfa~e1 bus 30~~ 

:r. a!terna-tiv.::- embcd:;71>:nts, •Jr;e er beth ,"Jf pGwe; :.:witc~;es 232 and 2i!.i!. and c•J;re:.:ponding cor:tro: c:rcLlits 308 ar.d 31 Gare re:n·x,,red. ;:c;r exa:11:)e, :r; a!1ernat:ve 

err.bfJdlrne:n:~s. the svv:-::ch ?..37. ar.d ~-)ower rn:! :?3C: :,hnwn In FIG. 2A rr.ay be 01:-:ltterL In t~1:s e:n~Jodln1e:n:t, tt:e switch 2<01..:. sek:ctive:y r,'.ippHe:, pow!':!" to the bu:, l / F ci:"Gii-:: 

?·: 4 ~nd ~f;t; ~;:~vi 1 ~'-~'- !?.y e:11:a:;;g lhe s·Ni'~ch :.?:3:.?. th:s err:b;..1d:r~;P-rr: 8dv,1rr:~9e;..1:_;s!y r~dw;e.s thP- nu:·nbH Gf p~ns {:f the \A/CO 1 o~~ 

Gne er :1KFe bus l / F circuit.s 214 a:vJ sw:t,_·hes 244 3r.d 232 m3y a!s-:..1 be ce:1f;gured en t~1e ir.1eg;at-ed circu:t 301, t~;us formir.9 part c;f t~;e inte;na! ! / !-= 13Cl;; ir:ste;;d of 

-::he f::<::er:n:a! ci:--cuit ·i 3Gb, 

u;~J,ff 31:.? :r:c:!:_;rfos e1 UARr ~:·e1;;srn:·c:et· :13,~ (;..-:Grr~spond:;;g l:J -:->: rx:n:{:n of ;~IO(forn --:~:o} e1;;d UART rw;ei"..rer :::in (;..-:<;r;espor:di:1g tG :~>: ponior: ef :1KKiHr: ·i /..0). n,~ 
;·,1,:.,Jecc co;·,,;·o:ier 302 sends" :JAR: coccrol s1gn3l 333 ,a ,he :J.4RT 312 to ccnf19ure 3nd concrol ,he :J.4RT cece:veI· EJnd trnnSl',",lt,ern 334 ,rnd 336. For e>:cvnple, ,:·,e 

:":KX!e;~1 C:Jr:·~r:J:!e; :?,t;:.? cen~gums the b8:Kl :·cite, ·:he :1:_;r~;bf:r of bits (or bf~es) of ~h~ d:c1:·e1ctt:r frnrr:f:, ~h~ r1'.:t::be; of :~IGp bits, ~nd ~ht: p~ri1y (~1re:1 Gr Gdd) '.:sed by ~h~ 

UAR"f 312. UAR"":- ~112 prGvid.::-s or.e Gr mrxe inte;rupt :.:igr:ab 3Ll6 te ;7vyfom c-:..1:1tr-:..1Ber JU"2 d.::-per:di:19 on the state cf UJ\!-rf ·trar:s:11:tt-er 334 3nd / .;_F ;,e.-_·eiv.::-r 336. 

;p the transP~:iss;c,p direct;c,p tor the rr.odo::P~: 12.C:, ti~:e mcdei~:1 co:n:-::ro:!ei· 302 m3y write ,:1Pe er tT:cre dutu bytes 340 to ti~:e Ufa.RT trnnsrr.itter 334 to be ::e:n:-:: -::c the S!M : / 0 

/..06. in respo;;se, :_f;t; UART lrnnst::iHe:· 3:?.4 1rnr1str:it.s d~-:~ bytt:s i:1 thP- frJrrn of c:;..1:i:~P.cutivP- dc1te1 bils h: the S!M: / D 7-DC vi~ the bus!/ F ciru:itry 2·! t~ 8S (fosc;:bHJ 

3b-:..we. 

:p the ceceiff,g d:rec,;c,n, th~ UART ;-~ceiver 336 c,;n repeCJte,Jly saccple ,:·,e sig;·,ill st3t~ (;e, lc-e;ic level) ,:,ft:·,e ccmmcn l:ce 2:2 ,a co:iect s,;n-,ple bytes CJccording tc- the 

s:gr:,1! s~e1~e Gf lhe tx-i;~,r~;<;r: :i:1~. ·rhe :11-Jdt:rn ce:1~:rd:t:r '.3D/.. :11ff{'~he:1 r~wJ -~he :~,1mp!e bf~e ;..-:G!!ec~ed by ~h~ UART rw;ei·,.rer :::in (:;;di:;8ted by .sr.1rr:p!e b:fe 31~•~·-? ir: HC:. 3) 

trom -::he UART re,:eivei·. The UART 312 provides 3r, iPterr~pt sigri~l 306 to ti~:e modem con-::ro!!ei· 302, '.<Vhich i·-::ceives d:3t:3 bytes sent oy-::he s;M ! ; o port 206 or-::he U.4RT 

-:::--a:n:s:n:ttN 33•~ in tt:e :n:13r.nN t!esc:"l;-Jf:d below. Rfa:e:-..,.ed (ar.d t~1f: cer:--esoo:-:t!ing :,arnp!e ~Jy1e CfJ:!ected}. 

UAr=n :n ✓• :·e;..-:t:ives UAR·r de;..-:k ::1M ~x:r~cted or gP-r:ernted by U/},:r:- dGck drc:jil 31~~ UAR:" :r! 7- t::f!y 1r,1r1str:i~ Qr:d rec:el1re cGrr:ir:L:e~r~ d~-~~ e1~ dlff~mrr: biiud rntt:s 

dete;-m;;·,ed by UART cloc, 344 3'1d ic 3ccordacc~ with ,:·,e baud mte ccnt0cl s:gn3I 338 receiv~d fl",:,;-,1 modecc cc-Pt1·c-ller 302. 

U.4RT re-:e:v-::1· 336 tT:ay operate 1n cne c,ftwc mod-::s, iPC:udiPg byte rnode :31~:c; sarr.pk mode, ::n: :3,:cord3r.c-:: Vlfith rnode c,:1Pt1·,:1; ccrr.rr.arid 338 re,:eived fr,:1P~: rnoderr. 

ce:1~:·e!:P.r '.3D/... vl-ff;t:r1 c:;..1:11;~1Qr:ded :;; byte r~;G(fo, ~h~ UAR:" mceivP-r :::in ;ecP.i\1~s f!:1d co:!ects c:;..1:i:~P.cutive dc1te1 bf~es sent by ·:he SlM i / Cl pGr~ ?06. !n o;dH tG do 1hi.s, -~he 

Ufa.RT receiver 336 1s c,:11~:figLlred :3t u samp;e rme th:3t p~:utches ti~:e baud rnte 3t which ti~:e S!M ! / O pen 2.06 (or UART transP~:1tter 334) -::rar.si~:11ts ccnsecL:tive data ;:11ts en 

-::he Cl!ll:11:0n data H:n:e ?..1:?.. S3rr.ph": :'eceived Cl!nseGitlve data bits. Typica!:y, the U.4RT :rnn1p:e:, z3c~1 receiv·ed co1:sec:Jtive dt:t:": b:~ enly er.rx: o:-- -::wice in by~e :nfJdf:. 

HGwevP-r, i.'\1he:1 C:Jmm~nded :r: .sr.1rr:p!e :11-Jdt:. the UJ\Rr ;eceivt:r :;::h rep~8IP.d:y s~tr:p!~s -~he cGrnrn:Jr: tfa~e1 Vine 2·::.? ~-~ c1 :~,1mp!e rntt: ·:h~-~ i.s sevt:r~: 1i:11es £ffec1te; ~hQn ·:he 

baud rnte wi~:en -::he s;M ! ; o port 206 -::rar.si~:11ts ccnsecL:tive data ;:11ts. ;=c,r exam::1;e, tho:: UART 1·0::ceiver 336 ,:mi s:31~:1::1le the commo:n: Ii Pe 212 ut 1 SX cui·rerit buLld rate, 

https://patents.google.com/patentiKR20030072203A/en?oq=KR2003007220:{ Page 01736



1/7/22, 6::":'.6 AM KR20030072203A - !nterface between modern and sutJscriber inlerface module - Google Patents 

such ,h3, the U.4RT ,~ceiv~r c3n d~tecp·,ine "singk ccnsecu,ive bit tim~ (SIM I/ O poet 206 er UART ceans;·,1;t,~I· 334). The common l;pe is s3n,pbi 16 tim~s during ,:·,e 

cGr1secull,1e bils tt·~nBr~;lttHJ by. :n 1h:s exQr~;p!e, UJ\Rr ;eceivt:r :nh c:onec:ts ·: 6 sc1;~1p!P. by:.~s fot· ecich SlK-:cess:1re b:t sent by S!~v~ i / o p;._1:·'~ ~'.Cl6 

-:-he u;~Jff :·ecP.i\.·~r :336 c:e1;; s8rnpl~ lhe c:or~;r~;cn :i:1~ :-ti ✓-:;; P-i1he:· :~,1rnp:e or bf~e :·n;._1dt: wh:!e the siM: / D prJrt :-?Dh erthe UARr ~;e1;;srni'c:et· :iJ,~ Is ser:di::9 ;__fa:.r.1 IG ·:he 

ccmm-:Fi !:r.e 212. Thu::, the IJ.4RT r-2-:e:v-::r 336 C:3P operate 111 3 vvrap-arcurid rnanr:er, wh-::reby th-:: receiver c~P samp;e 3r,d -:o!:e,:t c;ata -::r3risi~nitt-::d by ti~ie Ufa.RT 

~;e1;;srni'c:et· :13,~. !n iidd::_:cn. the Ut...fff r~c~ivt:: :;::c ;..-:;rn s8;~1p!P. H:e cGrn:w"J:: !:r:f: ✓-1 ~: i.'\1he:1 r:f:i'~he:· th~ S!~A ! ; C pon 7-DC :1or :_f;t; UART tmnst::itte:· :?,:?,4 ~:~ trnnBr~;lnlng 

data on the eon,n,cn :ine 212. 

Clock am:l t:ming 

:1:ten1a: SlM ! ; r- 13C:a :"f:C<ives c•,Y:11:~:(!n ckJck :35Q frc:n an extf:1·:~:a! dock r,oLil\'':e 352, suf..h as :": c~r,ta! osc:!lo-::cr. Typict:! t:,eq:..:ency cf co1:~:1:~:(!n dock 35Q ind:Jdes ·! 9.?.., 

19.68, 19.8 ~1~Hz. Programmab!e Ut...Rr ,Jock e:ircu:t 314. prri'.:F;;rr;rr;ab:e S;M e::ec~ circ:)1t 316 CFld prGgramr::ab!e ir.terrn_:;; timer 318 each receive 3 c•Jrr;rr;on cki•:k 35D at 

3 sep3rn-::e iPp:J-::. 

UART f..!nck ci:--c:..:lt Tl 1~ extraf..t:; ~.:f.\,RT e:cck 3~~4 ~"J:":sed fJ:I co:---:1:---:1or. dock 350 or.d :n ocf..(!IY.:ance w:th UART c:(!Gk f .. (!l:tr(!! sl~v:a! :352 l"f:eeiv·ed fro:---:1 ~crk::~n eo:---:-::ro:k:1· 30:?., 

cl/¥f dcxck cicc,;_;i t 314 cnoy be a ac0grnmt11ac>'e divider that ci;vide:: ·the frequ~r;ey o: c0mmon dock "3SIJ by ,"e t·, vak;e in ,;cccrda,i;:e w;tb :JNff dee~ ccn\rcl ::ig~al :352. 

,hereby gen~rntlng UART cl,:,ck 3"" EJt the c,:,pt1·,:,lled frequrncy. 

s:11:i:ody", thf: S!M dock c:1·cu:-:: T! 6 f::-G:--acts tt:e s:M c:(!Gk :,ig:---:o! based 01: the co1:~:1:~:(!n dock 350 and in accc:da:~:ce with -::he fo·:,t S!M ckJck (t:,eq:..:ency) ccnt:c! s:gna: 

J54 received frrxn fr1e ;71-Jdem ce:1tre!;er 3Ll'2. r~;e 5!~vi ck•e:k ;..-:1rcLlit ~11 ;:. may ~Je 3 pregr~:7V7lob!e d:vider t~1;;t div:des the frequer:cy of-the ;..-:orr;rr;rx1 d•Jck ~1ti0 by the M 

v~!ue ii~i accoi·-:hmce '.<Vi-::h -::he s;M C:cck centre! s:gr.3! 354, th-::reby generating a s:M ,:;ock ~t the coritrd;ed freqL:ei~icy. The S!M dock fr-2-::ue:---:cy 314 um 3!:;i:::, se!-::ct:v-2!y 

~n~b!e ,1:1d d::~,1b:e :_f;t; ~;:M c::cek. :r: :P.sp;..1:i:~P. '~o c1 s~c:e:1d S!~A dock c:;..1;;:_;;..1: (t::1;'.':b!e / dlsiib!~) sign 8: '.3Sh :·e;..-:t:ived frcr~; lh~ 11:tKi~r~; :;c:ntt·on~r 3D7-. ~i!M clock e:t·cu:~ :r: 6 

,;pplieo a s,o,;c leg;,: lcw ("Q"J ,:,1· logic :·,1gh (" 1 ") ,o res~t line 220 in ;·~spans~ to 3 SIM clock dis30:e si•;w,al rec~ived fr,:,;-:1 moder,, c,:,pt1·,:,ller 302 .. 

:r.te:na: tinier T! 8 c:e:'i''H::; o p:c:9:-a:~:11:~:ab!e df:!ay t:11:e brF,ed er. U!ll:11:tln ck!ck 35Q and I:~: accfJ:"dt:1:ee vvi-::h -:::rr.e:" cnntrn! si~ma! 358 recelv·ed fro:---:1 rr.Gdf:1:~: ccr.tro!k:r 30:? 

:r:tt::n~: ti:11~r :r! 13D 11:ff{ indude 8 <.XJ::nter 8;;d / er ,1 pt·o9rn11::118b!P. divider te ;..-:cu:r: dock c:yde:~ :Jf cc:11:11:e:1 ck:c:k '.35D. j;; Gp~t·;'.':tie:1, ·:he :1i;__1:.forr: centn.1!:t:: '.3D/.. p:·e9;8;~1s 

t:·,e intecno: timer 318 EJccc0di;·,e; to ,he d~lay ,;n-,e. Atteeche dday has e:ilpsed, ,he ;;·,,e1T,al tim~I· 3:3 prov;,Jes "timeout i;·,,~I·;·ui:,, 306 ,o the p·,oden, c,:,pt1·,:,:ier 302, 

wf;t::P.by :_f;t; ::Kxle:11 c:J:r:r:J!!e; :?,02 ·::w;kB lh~ tirn:;;g ~SBGCi;'.':ted '✓,tith ;..-:cnlrcl!:ng :_f;t; ~;:~,.,~ 1~'.? Cr.1n be ;~1r.1i:r:;'.':ined. 

-rhe S;M reset ;..-:ontro! ciro..:it JL.U :r;duce.s a S!rv~ re:.:et sig:;a! i:1 r.::-spor..s.::- tG ·the SIM reset OJPtr•J! sig:;a! 360 r.::-ceived from the :7vJdem ce:1tre!;er JLl'2, whereby the mGder:: 

ccnt:d:e:, 302 f .. an :--esf:t tt:e s:M ·12?... , The S!M :'eset ,_-_nn-:::\1! sign a: 32Q eor. ~Jf: !otc~1f:d -::o k1td: the p:r;v-ided dt:ta va:Lie "O" er•··!·· 

Slg11al Brn:! Clock Timi~g Diagrams 

~~ :s 8 eo::'~inuous '~i11:i:1g di8g:·c1:11 (Q) :_f;rough (g) of 8 Blg::8! r.1ssec::,11P.d 1Nllh ·:he :r:tt::fQc~ c::rcui'~ {1fthe pmsent :r:1re:1~:or:. -:-it::i:1g di;'.':grn:11 (8) show:~ !";{1nBt:e::'~ivt: d;'.':tf! 

::,\~es 402 3ppl1ed tc cc-I,,n-,on d3t3 line 21'.' by ~i,her SIM: IQ po;·t 2Qc, oc moder,, ,'3'1olT,i,tec 334. :he cc,i,;quous d,;,EJ byte 402 con,,;ms" chcocclog;cal sequence oi 

ce:1~:guG:jS !cgic b::_:~ (,1ss;..1ci~'~ed w:·:h k1gle ''--: '' e:· !ogi:; ··o·· V8!L:eB :J: s'~;'.':teB, t·esp~e::vely). rhe contiguous dc1tc1 bf~e -~o? :;ot::pri.s~s 8 :~tr.1r~ bil '' ~;-:- '' neg:c '' O ··;, t:igh'~ tfa~8 

bits DD to D1, p~r:ty bit'' P ·' ;;r;d or.e or rr;Gre step ~J1ts ., SP'' (k19:c ., 1 ·'). j:;d~de_ ·rhe form3t efthe cor:tigu;..1:)s data tiyte.s i!.C:2 stwvvn i:1 t~;e ·tir::i:19 di3gra:11 (~) :s r::ere!y 

on f:xorr.ph-:. Fer es:an1p:e, o-::her for:---:1ots :":l"f: pos:,ib!e, i:---:cbc:ing diffo:"f::~:t n:_i:---:1be:r, (!f stop bit:,. 

Whe:1 thf: S!M 1?? lmnst::it.s Gr rw;e:i.,~S Q sequ~w;e ;..1f :.fatr.1 by~e:~ (P-g, (fal8 by:.~ t~D/..) '~o e:· fr{:t:: the rr:l'xfot:: 1?, ·:he SlM mft::s ,~{1 the SIM et·r:Jr w:r:rfow 404D fo:kYNing ~h~ 

step bit of ·the .seqLlen;..-:e of data tiyte.s, Crr•Jr :.:tote for 3 ti:11e 404. n1>: S!~✓l 122 car: 9er;erate c1:1 error s·tate by pu!.s1ng-!ev1 ·the !•Jgic .st;;t.::- of the oJrr;rr;on :i:1>: 21'2 te;; !ogk-: 

·, C: •• tfJ ge:---:erate a :---:arrow S!M er:--o:-- pu!:,e ~~C:6. Eaeh SlM e:T(!I" pu!sf: 1~QC, or,:;nciatf:d 1Nlt~1 tt:e erro:-- w:1:dow 1~Q,~ :;, s:Jbstant:a!:y shcr.:e:-- -::hon f:ach dt:ta b:-:: DO· DB 

-:-i11:i:1g di8g:·c1:11 (b) :s 8 ~:;~1t:!:ne 4013 shoi.'\1ing whe:1 :_f;P. UAr=n :P.ce:vet· 336 s~::1p!es ·:he ;..-:crr:rr:G:1 dc1tc1 H:1e ~'.12 wh:i~ i:1 s~t::p!e rr:l'xfo. fQch -SQr~;p!~ .s~;;..1b~ t~·i D, 4'! 7-

repre.serrts c1 samp!i:;g occurre:;ce re.s:Ating ::; s3rr.p!.::- byte:.: cc!!ee:·ted t.1y ·the :,J_.O,R~- re;..-:eiver 336. While ir. :.:amp:e :71ode, t~k U/\R:" r.::-e:eiver J34 :11;;y detect the <X':CLlrrence 

of o :~:a1Tovv si~,1 f:l":"fJ:" ~~JLi!se l..:-G6 d:..:e to the relatively" hi[t1 sa:---:1pk: rate or,:;nc:ated 1Nlth tt:e sa:no:e strcbe 1~ 1 :?, in tt:is ~an:~:e:: thf: 11:oderr. U!1:tr(!!ler 3Q?.. 11:ay detec-:: cnf: nr 

"K•r~ bit ecccrs, n3riiy ecror::, acid fault s\a,u:, 0f ·the SIM : 22. 

-rirr.i:1g diaffc1:11 c is a U/\F-'.T in·terrLlpt tirr.el1ne i!.1 ;:. that cerre.sponds te ·,.vhen t~;e UAR:" trnnsr::iHer 334 trnnsrr.it.s e:or:.secLl·tive data bytes 4Cl2. After ser:di:1g the <.fat~ byte 

~~C:2, the UART-:::--a:---:s:n:ttN 33•~ deda:--es :":1: :r.te:r:..:pt <0 ·10 (co:Tespcnd:ng-::o the in-::e:--:lip-:: si~ma! 306} tfJ tt:e :---:1cde:~:1 co:---:-:::--o!!e:- 3G:?.. 

-:-i11:i:1g di8g:·c1:11 d :s Q nm~!i;;t; s!K1wi::9 ccnse;..-:utllre cG:1se;..-:uth1e dr.11,1 by:.~s 1~~'.~'.8 ,1:1d -~~'.?b tmnst::iHed by Ui-\!r:- '~r~n.s;~1::.:.~r 33-:~ (or S!M i /Ope:·'~ ~'.06). Tf;P. ::Kx!e;~1 

ccn,,cl:ec 302 g;ves" prede,~1·m;ped gu,;1·d time b~tv;een ,:·,e data ::,\~es 42'.'a and 422b. Acc,:,1·d111g ,c th~ GSM: 1.11 s,oPdacd, ,h~ guard ti;·:7~ 424 n,oy be 9I·~atec ,h3n 

-::he :~nt::<:~u:n :~:Lirnber cf predf:teri:~:ined :;"h!p b:ts t:sscc:ated with ead: do-::o ~Jy1e 422:":, 422~J. Therefore, tt:e gua:-d t:1:~:e crv: be [.!Iver. ~Jy-::he :~:1oden1 ccnt:d:e:, 302 :Eing 

,'-e inte,no: timer 318 

,:·,e ,in,ing di3gram f ;s an ~xan,pk ot ,he SIM cloc, SIM. CLK shown 111 relot;c,p ,o ,he :J.4RT c:ock 344. The ;·,1,: .. Jem co,i,;·ollec 302 m,;y c,:,;·,,;·o: the SIM clock 

ind~pP.::de:1~!y f!:1d ,1sy;;chr:J:!{1L:.s!y 1Nilh '~he u;~Jff dG:;k. :?,44. Fer ex~::1p!e, ;'.':S show;; I:: 1N811efo:n: d:,1gr~::1 f, s:M_CLK iB thP- i:1::.:,1! fo!! ekx:k :;ye!~ ,no. ·:he :r:1·::;'.':! pcr~:or: :Jf 

,he oeccnd clock cyde 432, ,he ;;·,,~IT:":ediate cocrespcnd;pg m whee SIM .. CLK is d;s3bl~•:! by t:·,e modem conceollec 3Q'.'. The :c,gic 1-:,w pocticn 434 and ,:·,e modem 

ccnt:d:e:, 302 ::~:ehxk: s:..:bsf:c:ue:---:-:: c:(!Gk f .. yck:s 4:36 t~1:":t eo:--:,espfJ:1c: \riJhf:1: the S!M_Cl.K :s f:nab!ed agoin. 

~)itK-:t: ·:he SlM doc:k G;'.':t: bt: di.sQb!~d whi!e :_f;P. UAr=n :s opt::,11:::9 8k:ng the s~::1p!e C:J::1::1on Hn~ ~'.1?, ·:he ;~10:.fom ce:1~:d:P.: '.3D ✓- ;..-:r.1n detec:. ,1:1 i:1Qppmp:i;'.':'~e b:_;s ctrnd:nG:1 

of-::he -:::ommo:---: !iPe 212. This ii~iudequ~t-2 srn-::e ii-id:..:de:: a c,:1i~ni~nc,p :in-2 212. th3t •'sticks·· ;~i1gh er k1w be-:::u:_ise ti~ie s:M 122 has ti-::en impi·o::1er!y o::1ernted, 1·-2p-ic-ved from 

,he WCD ·1 O,, ,,r recently in-,t,,lled. 

-:-he ~:r~;l:1g diQgmm g i:~ ~:: ex~::1p!e Gf thP- S!M :·e:~P.-: sig;;,1! ~i!M_i::s·r. !:1 r.1 ·:yp:c,1: ~i!M r~s~'~ / init:Q!i,:.8~:or: seq:_;H1:;e fo!!Gwi;;g GSM -! ·i.--:--:, thP- t::eder~; eontt·o:!er :3D7-

disEJbles SIM.CLK, ,;·o;·,si,icns the SIM .. RST fr,:,p·, logic high to logic :ow, and ::,EJck to logic :·,1gh 3'1d thee e;·,ilbles SIM.CLK. Th~ moder,, cc-ntrc-ller 302 uses an in,~1·;·,ill 

~:r~;t;: '.3/..01t1 ~:r~;lng '~he r.1sy:1chm:10::s s~qL:e;;ci::9 ;..1f ~h~ de;..-:k ;'.':t:d :~ignci! rfosc:;:bwJ iib\.W~. 

Eyt;, trnnsfor 

5 ;::; a flcvvch3r-:: cf 3 con-::ro! r::eth•:1d 500 (indica-::ed ~::; ''byte tr~i-isfor'' in F!G, 5) ~sseciuted with -::ransferring (e, trari::rni-::ting) d3t3 by-::es from p-ic-dern 102 to SHvl ! / O port 

:?C:6 :n ocu!1·dance \.v:-::h thf: p:,esent inve:~:t:nn, -::c ~Jf:. !:---: a first s-::ep 5G:?., thf: 1:~:nde~ co1:t1·oner :302 con1n1or.rfa the UART :--ece:ver 336 in r,t:1:~:p!e rr.fJdf:. 
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In" ne>:t step 504, the mcdff,-, ccntrclkr 302 Sff,ds 3 ,Juta byte to ,he UART trnns1·,~,1t,er 334 Gnd instructs the UA.RT ,o Sff,d ,he d,;,,; byte. In res1:,,:,i-,se, the UA.RT 

t;e1;;srni'c:et· :13,~ se::C:s thP- C:818 by~e er~~ dc1te1 byte ccnllg::euB IG ·:he SlM i / Cl pert ?06 !)Ver :_f;t; ce:·n:•n;._1;; !:ne 2·! 7- "'vf;f!e the UAR:" :_;e1r:s::1:r~et· :136 r~pe;'.':1ed!y se1;~1ples th~ 

uxnm0n l:r;e 212 Send i,. 

A.f,er the UA.RT ceacsm:tt~1- 334 ceacsm:,s the do,il byte, acd ,;fte the :JAR: receiver 336 :-~celves the sarnpl~ byte :i-, ,he v;cap-srcund n-,ancec described above, the UART 

;~ceivt:r rP.ce:ves r.1 si~F1r.1! ind:cff:ing ;ece:p1 ;Jfth~ dff:;'.': bytt: ·:o the r~;crfo::1 c:;__1;;:_;;__1ner :H:~:. p;;y,.ride Qr: :n1e:r::p13Cl6. ·rhe :;;:_Hr:_;pt is cr~soc::Q:.HJ w::_f; ~ t·ec:~i,1ed irr:et·r:jf/~ 

:.:tatus er va:ue SLlch ;;s inte~rupt :.:tatus::: "rx byt.::-'· ("t~~;;srn:t byte'') Gr ir:terrLlpt st::itu:.:-=- ''prcc.::-ss 9:)ard time''. j;; this .;_;ase, the rec.::-pt10n i;1t,er;upt state:::·' Tx bytes'' 

~Jecau:,e '.:he UART trnn:,1·-r:ltter 33~~ k:~:cN,;r, tt:at :'.: hrF, sent:": dma byte, 

n;t: rec:-ellre :r:tP.rrupl initiQ:;fs next ::/~ep t,06. :n .s:.~p son, the med.er~; contt·o!!-er :3D7- L:s~s fin lnlP-rrupl se;vlce :·eut:r:f: (~bbrevif{~ed e1s ''Hx lSR'') h: .st:rv:c-e the t·ec~i,1e 

interrupt. The Rx :sR activ3'.:es cen:a:r. pi·o,:essii~:q or methcd steps deper.dii~:q or: the state associ:3t-2c; \111ith the rec-21ve interrupt. :r. this case, th-2 Rx !SR :3,:t1vates the 

:~nethod ste~~JS 3Cf,l:rcHng tc thf: Rx !SR :,tt:tf::..: ,. Tx byte:;·, The deta::ed 1·-r:ethod co:":"e:;pondin9 tc! Rx !SR is der,cribed ~Jf:!aw. 

;:. :s ::i nGY11diart Gf a rr:eHwd 600 crirre.spGnding t•J the Rx ;SF-'. desc;i~Jed 3bcve. f\1et~vJd 6LlLl 111::iy be ;.::-presented ir: HG. 6 as "Rx ;SR' ::;;;d m3y be pe;fcrrr:ed at m0derr: 

cnn'.::\1l:e:" 3G2. Methcd 6GO (:e, R:< !SR) ir, in:tiatf:d by:": receive intf:l":":J~~Jt f:"fJ:~n U.4RT ::ri2. 

Wheri R:< !SR st:3tus:..: ,. Tx byt-2s ·• (m ste::1 506 de::cr:bed ~bove), tlow con'.:ro! prcco::eds to Pext st-2p 604. ;i~: s'.:ep 604, '.<vh::e ti~:e d3t3 tJyte is being ti-~Psm:ted (-2.q., du1·ipg 

:~IP-p 50•~ (fosc::ki~d ~btwP-), cdl sc1:·np:t: byt~s c:d:P.!"/~ed by -~he U,\Rr :·ecP.i\1H :nt~ f!:·e skipp~d. s:.;ch 1hc1t th~ S!M e:n:t· s:gn~: wir:ch:v,; (P-.g., thP- -~:rni:1g di8g:·c1:11 cf i=!G O;;!y 

t~;e scF11pie byt.::-s cc!;ected during the err•Jr sigr.a! wi:vJow i!.CJi!. des.;_;;:bed i:1 c0nr:e-:..;t:on w:th a) rerr:ai;;. 

:r. :3 ne>:t do::c:sic-P step 606, smT:p!e i:i:,r::es -:o!:e,:t-::c; d:..;r:ng ti~:e error si•;v:u! window are cho::cked to de'.:errr:irio:: :t 3r, o::1·i·,:y ::igr:a! 1s irid1c3ted. !f no error siqPa: i:: :r.di-:ated iri 

:~IP-p C06, f:01,,v cor:·~ro: p;;._1;._;t;eds :.o next .s:.t:p hOH in step 6D8. e1 s-:~·::jS :~igr:8! Is s~:. tG :r:C:icr.1IP. 'd':81 the d~-:~ bytt: (~s d~sct·ibed ir: steps 50,~ Qnd co,~} w~s trn:i:~rr:i":IP.d 

succ~ssiully. 

Gn fr1e r1t~1>:r har:d, wh,e;; ar: e;rcr -SlfJil3! :s ind:ca-ted :r; step f:,C:6, the f:GY11 p;.;..-1•:eeds to the n-ex:t step f:,14. !r. :.:tep 614, the st::it:)s sig;;a! i.s se11c ·' ;,et;::;r;sm:s.s10n '', t~;ereby 

lnd:cmlng th,;, the d3t3 1:-y,e needs to 1:-e recr3ns:·,1:t,ed. The f:c,w th~:-, pcoce~ds m s,~1:, 610. 

Rf:tlilT:ing tc t~1f: ::n:itia: decis:or. :,tf:p SC:2, 1Nhf:I: the Rx !SR S'.:3'.:e-=- "p:\1cer,:; g:..;a:"d ti:~nf: ·,_ thf: tlnw ~xoceerfa tc! the nf::<t steo 620, In :;tep 62Q, the n'.il:~:be:, ot recf:ived 

(ccll~cted) sor"ple bytes i,, cCL:,1,e,J 

;r; a next dec:s:cr. :.:tep 6'22, :·tis de·term:r.ed wh-et~1er the nu;71~Jer of rece:ved .sarnp:e tiytes :s equ;;! ·to er ffe;;t.::-r thar: the r;urnber cf .samples c0rrespc:vJ:ng to the guard 

t:1:~:e, If an insufficient n:vnbe:, at sa:no:e bytf:S hrNe bef:1: cd!ee'.:ed, the f:cw procefa!s '.:O the 1:ext :,tf:p 524, 1Nhf::Y: n10:,e sa1:~:p!e bytes a:·f: reeeiv-e6 

\Ah;P-r1 c1 :~ufflcier:t n::t::be:· ;_1f by:es f;r,1,1e bP.en ;_;c!!ected, -~he f:cw p:-;_1;._;t;eds to thP- next s-:ep 6?6. :n .s:.~p h✓-C, thP- U,t\r:n ::-: ✓- :s rese:. r.1nd -~he U,\Rr :·ecP.i\1~r 336 i.s m!ec1.swJ 

frc:11 t~1e sc1:11pie mcde, 

:r. :3 ne>:t do::c:sic-P step 628, th-2 srn'.::..;s ::igr:a! 1s ci~:eck-2c; to deterrr.ii~:e :t '.:he ::tutus sign a!-=- ··1·0::t1·~nsrr:is:::or: tJyte''. if the stmLls s1gn3! is r.ct -2qua: tc tho:: ··retransrr.i::s:cn 

by~e··, fa;w p;;_1ct:eds :.o next :~tt:p c:rn. At :~tt:p c:w, lhe :1~x-: d818 by:e !1:ff{ be :~f:r:'~ L:s:ng t::et!KKi SDD, fo:· ex~t::p!e 

Gn fr1e -:..1t~1>:r har:d, wh,e;; the st::it:)s sig;;a! ~ ·'retrc1:1srniss:fJn byt.::-", the f:ow prc-:..;eeds t-:..1 t~;e r:e:::t s·tep 632. :r: .st.::-p 6J'2, the !a:.:t da-ta byte ·trar:s111:tt-ed is retr::;;;srnit"ted 

us:i-,g rnethcd 500, fer ~xarnpl~. 

n;t: methed cf thP- pt·esH1I :nvt:rr::on :s performed ~r~ir1g e1 c:"Jr:·~rrJ!!e; (eg, t::{:de;~1 cor:·~t·o:!er :3D:-?} rJpernti:1g ir: c1 crJrnp::·~er be1:~P.d sys·~en: ~r:1fi:·en:11~r:t. ,t\Hho::gh 

•:rxnrnLlr.i-:..;at10n h::;;;_i',.vare 111::iy be used 1-:..1 carry cut t~k :r:ventior:, a gen.er;;! purpc.se ccrr.put-er syst-err; may be us.::-d. -rhe :r;ve:1t:or; m3y preferably be .;_;arr:ed cut :r; 

,.-.nn1b:r.atio1: wit~1 sottv,;we perfr!1·:~ned by the r."':cde:~n eo:n:'.:ra:k::· 3G:?. 3r,d :11terfaee f.irc:..i:try. ~.s 3 re:,Li!'.:, thf: p:,esent i11ve:~:til'!ll can be i:no:en1er.ted with a eo:n:1pute:" :;yste:~n 

or cthe; pr•J•:ess:r;u sys·tem. 

/\:1 exa:11pie of cc:11p:)t>:r sy.st.::-m ?LlU :s sh-:..Y,,Vn i:1 F!G. "l. In t~;e pres-er;t :r:v.::-nti0r:, t~;e me1hcd:.: ar:d ~v-:..1•:ess-es de.scribed ::itiove, sue~; as 111-et~;ods 5DD and 6DD, 3re 

~~Je:to1·:~nf:d o:n: co1:~:puter syste:n:1 700. Co1:~:puter syste:n:1 70Q ind:Jdes cnf: tX n1ore p:"CCf:ssc:"s, suet: as (J:"fJCl:::SSfJ:· 7G,~ (eg, conY:spcnd:1:g '.:O rrxxfo1:~: cor.tro!k:1· 30:?}. The 

proc-e:.:scr ?Di!. 1s <x1;;r;ec1ed t•J the c-:..1:1v11:)r;ica1i-:..1;; infras1r:..;cture 106 (eg, a bus or netw•J;:,,: tha-t may :r:ck:de the data bus 304 de.scribed ·,,vith refe;,e;;e:e le ;:.!Ci 3)_ '-/ari0:..;s 

softwm-e lmplff,-,enrn,lcns are described 111 ,errns ,:,f typlc3: compute:· syste:·ns. A.f,er reading this d~scrlpticn, ,hos~ skilled in the sr, w:11 underntacd h,:,w ,c pe1·fc,rr, the 

:n,1e;;:_:cn ::s:r:g o-:her cor~;pulP.rs c1:1d / or crJmpL:1er e1;d:ilP.c1L:re.s 

Computer .sys1e:11 7GO 3!s•J ir:d:)des 111::i:n merr.cry "?OU, pr.::-ferab:y rnndorr: a•:ces.s memor1 o=t.o.r,,.~). ::ir;d m3y a!s-:..11ndud.::- se-:..;or;d merr.cry "71 Ll. rh-e sec•J;;d merr:crJ 11 Q 

:n:1ay ::n:chide. fc:" f::<ar."':pk:, a :"e:~nov3bk: s'.:ornge t!e'lice 7: 4 :·f:presenti:~:g a ha:·d t!isk t!r:ve 712 ar.d /era f:nppy t!isk d1·:ve, a r."':3[-!nf:tie '.:3pf: t!rive t:11d an optie3! disk d1·ive. 

R~r~;G,1c1b:t: sh:rnge de1,1:ce ?1~~ m,1ds fr{:n: Qr:d / Gr write.s IG ret::{:vr.1b!e u;;fl ·;-w :;; ~ k;;G'✓,tn :11e1r:ner. Re;~1ov~b!~ s·~~x~ge un:·~ ?18 r~pmse:1t.s ,1 f:q1py disk. :11e1gr:P.·::c tc1pt:, 

,:1pt1c3! disk, ar:d th-2 !:ko::, which ~1·0:: re3d :3i~:c; written by rei~:1,:1v3b!-2 smr3ge c;evi,:e 7~4. Ro::1T:ovao;e stcrngo:: Llr:it 718 ir:ch1c;es :3 computer u::ab:e ::torage m-2c;1Llm hav:r:g 

ste:·ed :_f;t:rP.or: ;_;cr~;pulP.r seH1,,vQm ~nd; e:· ;_fa:.Q 

J\her;;r,1n,1e:y, thP- secGr1d n:e;~1ory-;·i o :11Qy i:1c!:Kfo :~irni!e1; o:.f;t:r rne~n.s fer cm:s:r:g ~ ;_;cr~;pulP.r pt·ogrnn: o; o:.f;t:r :r:st:'l:\.;t:cns h: b~ !of!ded :r:·~o the crJmpL:1e:· .sys1e:11 "iOD. 

S~ch rr.e~Ps rr:ay :r.c;ude, foi· o::x3rr:pk, rerr.ovab!e storage ui~:1t 722 :3i~:c; :r.terfac-2 720. Th-2 rr:e3r.s t1·~psrr:its u progrnrr: ,:mtridge 3r,d -:art1·ic;ge iritHfa•:e (Llsed in 3 v:deo 

gf!:11e dev:cP.). e1 r~rr:G,1c1b:f: t::en:;_1:y chip (tPRO~vi {:r P~~DM) ,1r1d c1 <.xJrmspend:r:g s;._1;._;ke·~ c1:1d d~-:~ c1:1d softwc1:·e f;;._1;~1 :_f;t; ret::{:vr.1b!e :~tcmge u:1:t "77-/. h: the compute: 

sys·terr: ?DO_ Ot~1>:r in"terface.s "/2 a:vj rerr;0vc1~J!e stcrc19e Llr.its 122 rr:ay be :;;e:!ud-ed. 
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C-ompL:ter system 700 m3y also mdud,;: a coi~ni~m1nic,3ti•:11~: :r:-::erface 724. Corr:rr:L:nicm:or. ;pterfoce 724 a!:c'vvs softvvure 3nd hardvv~F-2 to be trari::fo1To::d betvveer. 

cGmp::'~er .sys'~err: iOO ~::d ~x-:et·r1;'.':! dt:,ii,::t:s. n,~ :;c:t::rr:u:1:cff:ic:n :r:tP.rf;::ee ?~'-~~ rr:,1y :wJud~ ~ t::cder~;, 8 :1~t'✓,tc:t·k. :r:tt:rf;::ee (such ;'.':-S r.1n E'd:e:·ne:. c~rd). e1 c:"J::1::1::nicr.1!1!):'! 

port, a PC~;lC!/\ s:c1, a card, ar:d the !:k-e. Data 3nd software tra;;smitted ever ccrr::11~i;;1::-;3tic:1 1rrterface 724 are:;; the form cf .s:gna:.s 1213. v1h:c~1 may ~Je e!-e•:tr:e:a!, 

f:!ectrcrr.a~v:etic, C!ptica!, or o-::he: ::dgno!:, tl:a:: r:1oy be ref .. ei'lf:c: by cnn:n1:..1r:if .. :":tlnn i:1t:::-fr:1f..e 724. Tt:ls r,:g11a: 7?..R :s (J:"fJv:ded to the CfJ:~n:~n'.il:icatifJ:~: i:n:~ertace 7:?.,~ v:a the 

cc:1v11ur;ica1i-:..1:1 path T26_ ·rhe c.;J:7V7l:)nicati•J:; path T2f:, e:;:,:rries a sig:;a! T2H ;;rid c::;:; be p-e~fcrrr:ed using wire •J~ cab:e, flbe: .;Jpt:cs, tdeph.;_111>: !in-es . .;_;e!:u!;;r tdeph.;_111>: 
:in~s, p:= linko, 3;-,,:; other co;-,1;-,1;;i-,ic3ti,:,;-, chan;-,els . 

. 4:, used here:n, the twrr.r, "cnn1p:..:~er p:-cr-1:-a:~n 1:~:ed:urn·· t:1:d ''ccrr.p:Jtf:1· Lisobk: 11:ediiY:i" 1:~:ay ~Jf: a ha:-d c:isk and s:91:al 728 insto!:ed in 1·f:11:nva~J:e stcra~v: d:'i''H: 71•~. t:arc: 

di.sk driv-: "/1'2, and s:gna: ?28. 5:..;c~l c0mp:..;ter p:c9~::;;71 prGdLlc1s ;;re mecFE: for pr0vid:ng s.;_1f1v·,1are ·to c.;_1;71puter sy:.:tem ?UCL 

Com::1uter programs (u::-P-:puter ccritrd kJg:c) ~;-,;: s-::ored ;p main 1~:1e1T:ory 708 and/ or second rr.ei~:1,:11·y 7~ 0. :i-:e ccmp:jt,;:r program r,--:,3y be re-:e:v,;:d vi~ the 

cnn1n1:..1r.lf .. atk:in lntNfr:1u·~ 724. 'Nhen r,'.ich o Cl!ll:p:..1~er prcr.irarn Is pe:·for:n:1ed, the co1:~:puter progrorr. f:1:ab:e:, the CfJ:~n~~JLite:· s:r;ten1 7C:O to car:y fJ:Jt tt:e presf:1:t i:n:vf:11tio:n:. 

:r. p;;rt:•:u!ar, wh-er; the c•Jrr;puter progrnrr. :s ex-:e::..;ted, the c•Ji7lputer pr0gr;:,:rr: ::iibY11-S the prcc-:sscr ?Di:. to perform ·the p~.;_K;ess-es ohhe p~-eser.1 j;;ver.li.;_1;;. "fh:..;s, sue~; a 

ccrno'.itf:r p:·ng:·a:n:1 rep:-e:;en~s a eo:n:~ro:k::· of tt:e ccrr.o'.itf:1· sy:,tf:11: 70C:. 8i vvay cf exan1p:e, ::n: a prefe:Ted e:n~Jodlrne:n:~ cf th!': present :1wentil!ll, th!': p:"t1eer,:;ing pNfc:-r,--:ed 

by the r~;cdem co;;:.;o:!et· :rn~: ;~1r.1y be pet·fGn~;P.d by :;c:t::put,e; cGrr:rG! !;._19:c. Wh,e;,e the pre.st:rr: :nvP-rr::c:n :s pe:'fot·med :_;si::9 .scf:.i.\1~t·e, :.f;P. s;._1f11,,vr.1m ::1;'.':;_i be st;._1;,ed ::: c1 

compc,er pccgc,vn pre-duct 3'1d conoputw oyste;-,1 700 us;n~ remc,abie otorn~e dcive 71&, hard d;·;ve 712, er co;-,7;-,1;;1-,ic3tio;-, ic,ertace 724. C3n oe lcadeci ic,c. 

crmdusirm 

V'Jt:ile v-ar:our, en1bodirr.f::~:t:; ot ~he (J:"!':s-er.t l:~:ver.tifJ:~: ha'H: been c:esc:"i~Jf:rt It :s r.ct Hrni~ed tc t~1f: desu:bed rk::;er:p~:cn. Therefore, tt:e sco~~£~ of ~he ~~J:Y:s-er.t l:~:ventifJ:~: 

s~vJ:Ad r.c1 ~J>: !irr:ited to the a~J•Jve-d-escribed exe:11p!ary €i7l~Jodimen1s, but c:1iy by the fo!!•Jwing d;:.:i:11.s. 
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;::!! the r.1dj:istn:e;;:_ C;'.':pc1dtGrs ;'.':re dlscen:1~e:ed, r.1r1d the sec:e:1d 1rc:hc1g~ high~r :_h,1r1 '~he r:r:~t ,1d~i:lgt:. ✓-. n;t: :~F:D -:~9 clccording :.o c:8i;~1 ·:, 1Nhet·ei:1 whe:1 thP­

va:rnge car.not ;:10:: re3cho::d, th-2 rescr.,3rice ci1·,:ui-:: is 1·0::tu1T:ed tc th-2 initi:3; srn-::e. 

4. At !ea.st one cti-.Jff ;..1f t~1>: abcve cctv1>:e:·t:on ;..1f 1~1>: :r:du;..-:tQPt:e ::;:;d a pk:rn!:ty •A r.::sor:an;..-:e capQcity •Jr t~;e p!u:::ili ty ;..1f :e:.:Gnanc.:: :::::3pa,j ties t•J f•Jr:71 a res;..111Qnt :::::ircu:t 

carried out by ti~:e switching circuit, 

n,~ :;c:nB:.;::r:t ,1d~i:lgt: ci:·c::_;11 !"J:i'~pL:1s;:: :;c:ns~i:'lr:t 1rc:hc1g~ by srn:Jo-:h:ng :_f;t; pc:vvt:r sig:1;::! givP-r1 fr:J::1 '~he lnlP-rrGg~·:or (rP.;'.':de; / 1Nr:tt:r) v:c1 ~h~ rese:1;::r:ce drc:j:1, 

.4 ,olrnge detecicn i-,~,eacs detecs th~ s"'ccthed vcltoge, 

T~1f: vdtt:ge rr:cr.lt:J:"i:~:g n1eon:; n10:---:itcrs t~1e der.ire:: nf ::---:cret:se In the s:n:Jott:ed ',m;tage, 

iJ\lhen t~;e predete~:nr;ed i:v_·rease car:nct ~J>: 0b·tained, the SY'iitdiing cf the sw:t,_·h:ng ,._-ire::..;i1 ::.: cctr:rr:::i:;ded by the re.sor;ar:ce capa;..-::tan:::::e :.:wi1c~;1ng c•J:7v7mnd n-:e::;:;s in 

:'esp:J:~:se tc th:: n:..1-::p:..:-:: cf the vo:tor-1:: 11:nn:-::cr:n9 1:~:ea:---:s, 
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1,-, the vc-lta~e mo,-,Itonn~ meCJPS, when ,:-,e ou,put frcn, th~ cocst3,-,, voltsg~ c:rcu,, reacheo the fvs, voltsg~, ,he f,1·ot vcltCJge detec,,c,n ci 0c;;It ou,puts,; de,ec,,,:,p ou,put, 

~nd ~h~ ll::1et· c:rcu:·: t·ec:ellreB the eutpu~ c.f :_f;t; fo·s1 vG!·:~ge dt:tw/~ic:n ci::;::it J\ ~:;~1H sig:1Q! fG: ~ p:·ed~tHr~;i:1ed pHIGd is Gulp:J:, Qr:d wf;H1 H:e o:_;:_put !"Jf lhe cor:s-:~::'~ 

'-'-:..-dt;;ge c:~.;_;uit reac~;es a :.:eccnd vc!tag.::- high-er t~;an the f;r:.:t vc!tag.::-, the cfo·tecti-:..111 Gutp:Jt is Gutp:Jt by the second voltage ddecticn •:ire::..;i1, and the timer circ:)1t 0:..;tputs 

the tl:n::1· s:gna:. 1Nhen tt:e o:..:~put fro~ th:: sec(v:c: vcHa9e detef..tinn ci:"f .. Liit :s :·:nt ob~a:n::d d:..1:--:r.r-1 t~1f: o: .. r::p:..:~, tt:e switehin9 c:rcuit is drh/en ~c :ed'.~ce the capacitance 

va:ue of the res•J;;ance •:ap3c:t•Jr, '.o'.o'hi!e t~V:- o:..;tpu1 cf the timer sigr;a! h::i:.: p3s.sed a p;-21.Je·termir:ed period the Gpern1ic;1 before Sy;71~Jo! si.-1;i·tchi;19 e:ircu:t aft.::-r adju-Sti7V:-nt 

m-::thod of ~he 1·-2son3r:,:-:: freq:.ien,:y iri ti~:e Ri=!D mg, charn,:t-::1·1zed in -::h3-:: tc ret~Yri ti~:e res-:F:unt circ~1t to 3r: iPiti3! ::tute. 

DsJscriptivr. 

[LlllCll] 

8/\.CKGROUNO OF T,SE nNENTION 

n;t: pt·esH1I :::vH1ilo:: :·e:r.1~t:s le Qr: m=:D -:~(~ c1:1dMP-lhod fr:t· c1d;us-::r:,g_;es!"J:'1;'.':tK-:~ _fmq:jetK-:y i:1_R:= ~D}r.1gl\bG:J:. 

[0002] 

iP:"il!I" art:: 

~!G. 1 :.:how.s a sys·terr: .;_y,,rervi-ew cf CFl RF!D tag and an R~!D i:1t-er:cg;;tor using t~;e Rt=:D t3g. ;r; t=:G. 1, r.::-ference r;umern! 1 der:c1e.s ar: RHD tag ·rhe i:1t,er;.;_19;;tor 2 (reade: 

; \ri;rite(: ha:; 3 rk:tf:ctio~ a:·f:a 3 ha\..-:~g a p:·edete:rr.lnf:d sp:et:c:. That I:;, In this r,ysterr., there :nay be a p:uraHty cf tar-1:, 1, ·1. 

[Gll'l:i: 

[P,·o::,len,s to 1:-e sclved oy,he ,pven,,,:,p] 

:F fr:t· btK1ks, ~r:1re!opP.s, c~s:;;<_; :;hip:~. et;_-:,mvvhP-:11he :.Qg ·1 i.s rr:G:j::'~ed, :f·:he 1c1g:~ ·i evt:d~p eQch ethe;, H:e:·e Is c1 prob!e::11hc11 th~ :;c:t::rnu:1:c~'~ic:n pt:rfo;:118r:ce i:~ 

rerr:a:k;;b!y lowe:ed and the 1n·terrog3tcr (read-er/ vvriter) 2 ca:v;Gt be a•:ces.sed su•:ces.sf:A!y !n the.se 3pp!:e:3ticn.s, R~lirrag: st3c~ed, •JrRf-'.;DW:t~; tau 1 R~m~·he:e 1s a 

ca:;e 'Nt:e:·e ~he :11te:y3! be-::wr:£:11 -::he ta9:; ! I:, set v·e:y c:nse. 

[C:004] 

:p th 3, stCJ,~, L (imiucrnnc~ of the resc,pacc~ co:I: of o,:,c:-, tugs 1 Is n,utuCJtiy wup:ed, 3nd ,h~ mu,usl mductc0]:,lTend ,,:, f,:,1·m, 3nd ,h~ :nheff,t :cduc,,;pce of th~ ta~ , 

·:er:d.s tG :r:c:;er.1se i;; :;c:r:j:_;r:e::or: w:·:h the r~;utu,1: i;;dw/~;'.':r:G~ 

[0005] 

Thi:, 1i-:e3r.r,B,EU).Si1:ce th!': rescr.,v:ce capacitcr es:istin9 In ~he tag 1 hrF, a C(V:s-tan-:: V:":!ue, tt:e resfJna11ce freq'.~e11cy is !ovver than the state whe:"f: there I:, 110 r.":Utua: 

•:rxjp!i;;g (the expected ;,eson3tK-:e freqLlen-:.-:y a:vj the freque;;r_-y .specif;.::-d by t~;e ir:te:rcg::it-:.v). M.::-ans. 

::ooas] 
Dn ·:he ;_1thH h~::C:, fro;~, thP- ime;:·egQ:.or (;eQrfo: /write:')~: :~ideH.F!OCscin~·::or: :s performed clt :_f;t; sc1:11e fr~quer:c:y ;'.':S :_f;t; :es;_1;;r,1w;e freq:_;t:r1:;y Gf tr.1g-: (expected 

ceso,-,unce fceq;;ency). :his m~m,sRFIDRes,:,,-,unce ;:,c,in, deu~ased •:!Lle ,c o,ecl3p ,:,f ,CJC) 1 etc.Rt=IDFI·,:,p-, the v,ewp,:,,nt ot ,he t3g :, thio means thm 3 mCJqPe,:c f,eld 

i.'\1hc:s~ :P.sencl;;ce h8s shifted is .supplied f;o;~1 thf: inte;:·egi:'l:.or (;eQrfo: /write:')~: :~Ide 8;;:_H1:'1;'.':, r.1:1d the S:jpp!:~d ene;gy is rHJ:K;ed w;c:e:·di;;g!y l\s ;'.': :·e.su!t the 

•:rxnmLlr:i-:.-:at1on di:.:tance :s redu-:.-:ed. 

::ooar] 
R~!D:r: -:.Fd-er t•J e:i:11:;;ate the dee:reas.::- ir: -:.-:orr;rr;unic::it:on dist::;;;e:e du.::- tG fr1e .;_y,,redapp:ng cf the t::igs 1, JP 2LlLlU-1 ti14i3D /.\_ dis•:!ose:.: ar: :derrti·f:c::it:or; me1hcd ·,,vhe:1 a 

ph.v:3;ity of t:3gs me super:r.-:pcsed. Thi:: :s where th-:: b:..;iH-iP tagfiA;ti~:ough ,3 contigur,3t;,:1P :s describec; :~ vvhich ti~:e res-:F:unce freq~ency c3r: o-:: ch,3riged by swit-:hir:g 

tf;t; sv•;llch, r.1 me'~hed of r.1dj::s1i;;g lhe buiH-1:: GQpw;i1t1:· fr:r eQch '~;'.':9 Qr~;Gng c1 p:u:,1!i1y Gf s::pe;:;~1pGsed ti:'lgs ·::J c1dJus-: ·:o the (fosi:·ed f;equP.::c:y s1~·:es ThP- t·es;_1;;r,1w;e 

fre-=:~ency of o-::hertags is ,:hanged sequei~:tiu!:y afterthe c,:11~:11~:1unic,3t;,:11~: with one tag is coi~:1::1!e-::ed. 

:GOOS] 

:r: 1~1>: C3S>: of this ;71>:thGd, :t 1s p-:.1.ssib!-2 tG m3tch t~1e resc:1;;r;e:e frequ.::-ncy of one 1ag ·,,vi1h the rescn::;;;r_-e frequ,e;;r_-y .::rr;itted by the i:1t,er;.;_1g;;tor, but t~1e resc:1;;r;e:e 

t:·eq:..:ency fJf th!': nther ~3g df:viatf::; fl\!11"': the re:,l!lla~cf: frfa:uer.cy emitted by th!': in-::erragatcr. Tt:e:·ettxe. :": ger.e:a: cd!:s-icr. ~-J:Y:ventl•,Y: p:·aced:J:Y: (fo:" exarr.ph":, JlS637.3-3 

:so/ ![C:-: 569:3-3} :s :10:. used, ~::cl the i::'~er:0gc11er c1;;d lhe 1c1g pt::for:11 Gne-'~o-c:ne co::1::1L:n:c,11:or:. 

[0009] 

:r: clddi·::or:, thP.:e i.s WJ t::e1!KKi fGr dP.·:et·m:r:i;;g lhe ertfo; bt:tweer: :fl:j:1ip!~ l~gs (frot:: whic:h :.Qg lhe :·e.sGn~::c:e fr~quer:c:y is r.1dj::s1ed), ;'.':r:d ::. is diff:c:j:11e ~r:s::t·e .s:.r.1b!e 

ope;::it:or; 3s ;; re3!i:.:t1e: systerr:, and d:ff:cLlh le :e;;!iz-e _ ·r here ::.: 3 p:c~Jlem. 

[QO'IG: 

r~;e pres.::-nt ir:ventior: ~1;;s be-er; made t-:.1 so:v.::- sue~; a prcb!.::-m, a:vJ an cbjee:·t cf the pr.::-ser:1 :;;venti•J;; is t-:.1 eff.::-ctiv-e!y u:.:e 3 -:.-:o!!:s:on preven·tior: :elated f:..;r:ct:•JP ca!;ed 

,;nti-cclt1sicn, wh,ch hCJo 3 S'IT,ple cc,ptigurstion and c,;p re3l,ze 3 otab:e oyste,-:1 opern,:cn.Method ior sd.,;;sticg 0eoonanc~ fr~guenc\f in Rt=ID ,,;qls tc p;-ov:de. 

:[;[111] 

[MeCJPS ioc Solving the p,·oo:ems] 

RFtRThe fd:nv,;ln9 is a b:·let de:,c:·lp-:::or. fJf t~1f: prab:e:n:, tha-:: ccGir 1Nlth tt:g supN~~)os-:-:::cn. That :s, RF-]R.The co:! ind'.~ctance Lot -::he ta9 c3ur,f:S ~utua: i~duf..t:":1:ce d:Je ta 

•Jver!app1ng with othe: tag:.:, a:vJ the L ,,ra!u-e is :;;r_-re3s,ed acc•J;d:ng!y. ·rnerefcre, by ;,educing t~;e v::i!ue cf C for res•Jr;ance correspcnd:ng to the 1ncrerr.,e;;t Gf L, t~V:­

:Y:s-a~anf..e t:·eq:..:ency I:, a:'Nayr, kept f..01:s-::a~~, tt:ereby s-alv:1:g probk::~ns- sud: as :1:s:..:fflc:en-:: risf: in pfJvver s:J~~)p!y v·nhage. !11 3dditil!ll, th!': co~TI[-!:J:":"fil!ll ccn:;is~s of:": 

p!u;cl:ily ;_1f :·e:~G:'1;'.':r:G~ :;c1p8cil:J:s, Qr:d by sepc1;8tir:g ·:his r~so::c1:1cP. cc1pQci'~ot· c:;_1:1~:gu:P.d u:1dt:: :;et'°:;'.':in cG:1di1k1:i:~. the c~pc1dtGr 1rc1h_;t: :s r~dw;ed, ~r:d th~ dec::·eQse i:1 

resoi~:unce freq~ency c3us-::d by ti~:e :nu-::ase ;p rn:..;-:::..;a! 1nd:..;ct.:F:ce is corrected. To de. 

[Girl/: 

;r; order le .so!ve t~;e 3bcve prcb!.::rr;s, ;;r; RF:D ·tag a-:.-:cordir:g t-:.1 t~;e pres.::-nt ir:ventior: :;;dude:.: ar: :;;rJuct3n-:.-:.::- frxrr;ing a r.::-sor:an-:.-:e ci;.;_-::)i t ar:d ;; p!ura!:ty cf res•J;;ance 

,:.ap3cit•,x:;, er at :east fJ:~:e ot-::he o:Lirnlity nf rescr.,v:ce capacitcrs.Ccn:~:ec-::edA svv:-::ch::~:g circ:Jit fo1· perh!ri:~:1119 en/ fJff. :": ccr.r,ta1:t vdta9f: ci:c'.~lt h!r s~1oc~hln9 a pcwe:· 

s:gr;a! s:)pp!:ed f;.;_1111 an inte;:cg::it•J; (:e;;der /write:) v:a ·the :e:.:fJn3r:c.::- circu:t and cutp:)tt:r;u 3 c•Jr;s·tar:t vo!tage, and for det-2•:t1ng the smoothed 1,ro:1ag-2 '-/o!tage 

detectm~ n,ee3,-,s, ,olrnge p~,,:.n:,oc:cg m~uns fer mon,t,:.r,n~ ,he dqree of hoe ci ,he olT,oo,hed volrnge, 3nd ,-~son3nc~ for ccn,n,3nd111~ en! cfi cf the sw,tchicg circu:, in 

;~spor:s~ IG ·:he ;_1:_;:_put Gf lhe VGH,1ge :1i;._1;;ftGrl:1g rneQr:s '.oVhP.:: c1 pr~de'~et·::1:ned :::c::·eQse GQr:nu: be ob:.Q/:1ed. C8pr.1c:1y switd:i::9 ;_-:<;r~;rr:,1:1d rneQr:s, QrJd '~he im:'~;'.':ge 

1~:1c,pi-::or:~g m-2m1s out::1~ts 3 det-::ctior: out::1ut wh-21~: the cutp~t from ti~:e ccnstm1t vdt~qe cii·,:uit reaci~:es ,3 fo·::t vdt~ge, ,31~:c; the first vo:rng-2 c;e-::ectioi~: circuit. A t1rner 

circuit t~1:":t recelv·es th!': n:.i-::p:..:~ cf the circuit :":1:d cutputr, a -:::~er :,lgn3! fo: a p:·edete:rr.lnf:d perifJd; 3r,d :": seco1:d ci:c'.~lt tha-:: cutputr, a detect:nn cutput vvhen tt:e o:..:~put 

of the •:Gns1an1 vo!t3ge circuit ;,eae:hes a se•:Gnd vo!tage ~1:gher than t~;e ·f:rs1 voltage. /\:vJ whe;; the cutput f :c:11 t~;e se-:.-:ond v•)taue d-et.::-ctior: c:rcLlit c::ir;not be .._-1~Jt;;1ned 

wt:lle th!': tln1er ci:"Giit o:..:tputr, tt:e-:::~e: :,lgn3!, the r,vv:~chi1:g Cl:c'.~lt :s d:"iver. tfJ s-e~ ~he cap3citt:1:ce v·alue l!ftt:e resfJ:~:ance cap3cito:". 1Nhik: the cutput oft~1e t:~1er r,:gna! 

f;,1s p8:~sed Q p:P.dete:n~i;;HJ pe:fodP:·e·,.ric:L:sn;t: :es;_1;;r,1w;e ci:c::i1 ::~ :e·::jt·:1ed to :.hf: initir.1! s1c11e by the Gpet·;'.':tie:1 Gf thP- sw:·:d~i:1g :;irc:u::. 

[0013] 

:=u:·'~he:; lhe :·e.sGn~::c:e C;'.':pc1dtGr ~cc:o;dir:g ·:o the pmsen1 :r:1re:1tior: h;'.':s r.1 ·f:xed :;c1p8cil:J: ;'.':r:d Q:. !ec1st or:f: c1dJ:_;s-:mer:1 GQpw;i1t1:; ~::cl when th~ :P.se:1Qr:ce frequ~r:cy 

in-:.-:r.::-ases, the ;;djLls1rr:e:1t capac:tor 1s d::.:e:or:n-e•:ted and the capae:it3r:c.::- value cf1he r.::-sor:an-:.-:e cap;;citor is redLlced Cor;tro! is perf•Jri7V:-d sc ;;s ·to ap~v.;_1;;ch the 

resfJ:~:ance freq'.~ency def:r.ed by t~1f: :~~errogatc:. 

[C:014] 

:=ur,:-,er, th~ vcl,CJge n,onitocing me3ns acco,·d,pg ,o ,he ;:,I·~sent ,pventi,:,;-,, whee thw~ ares ;:,lura:ity of adius,p~,en, c3p,;c:mcs, sequ~,-,,1ally d:scc,pnect th~ adjus,,-nrnt 
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c,3::1~c:-::ors -2very prede-::errnin-2c; pericd, a:! tho;: adiu::tP-:err:: c,3::1~c:-::ors ~:F-2 disc,:1Pnected, 3r:d.tilgh-21· ti~:un -::he fo·::t vdt3gi;,The resc,par:ce circuit 1s retL:rr:ed to the ii~:1t1a: 

:~l8lf: 1,,vhP-r1 the sec:c:1d 1rc:hc1~,"f :;f!n:10:. bf: t·eci;.::hP.d. 

[GIJ15J 

;:u:'tt:en1:txc:, t~1f: n1e-::hcd fer adjus-:::n9 tt:e res:Jnt:nce freq'.~ency in -::he r;:m tt:g ocf..•,xdlng -::c th:: p:,esent l1we:~:ti(!ll :mJudes an :nd'.~ctance frJ:-:n::~:g o re:,c!1:ar:c:: circuit and 

3 plurality of rescr:a:;ce c::ipac:1crs, or at !-e;;st or:e •A t~;e p!ur::il1ty cf re:.:Gnar:c-e t:3pc1•:1trxs.C0nr:e.;::t.::-dO~~ / GFF is perforrr;ed by a svvi·tchi:19 e::rcu:t, fr1e p•Jwer s:una! 

Sui:•i:,lied frcm th~ ic,errogatcc (re3d~r / wri,er) ,hrough th~ rescnonce c;rcui, is smocthed and the const3nt voi,ag~ circu;t ,:,utputs 3 constant volrnge, 3nd th~ vcltoe;e 

dt:IP.clie:1 r~;t:~::s dt:IP.c1s th~ st::c:e1hed 1re!te1gt:. -:-he:1, ·:he VG!°:;'.':f;f! r~;<;r:i·::-;ri::9 :11~;rns :•n;._1;;ltGrs ·:he d~g:P.e ef :·iBt: of ·:he :~rr:GGlheC: vGH~ge, ~::cl when Q p:P.dete:n:i;;HJ 

increase carv:ot be cbtaiPed, the svntching c,fthe svv:-::chirig circuit is c,:1P-:P-:unded !?/the 1·0::sor:an,:e cap~c:rnr.co:: switching comm3r.d i-n-::ans ;p respori::e-::c th-2 outp:_i-:: cf 

tt:e 'lfJ!tt:ge i-':Cnito:"i:-:g r:1ean:;. :r. thf: vdta9f: n1or:itc:"I:(~ 1T:e3r.r,, wt:en ~he Olitput f1\:n: the eo1:s-::ar:~ \f\:!tage f..irc:_iit reaches t;-1f: fks~ Vl:!tage, the Tirst v-n!-::age detec~icn 

ci~-:.;uit o:..;tpu1s a de1ect:or; o:..;tpu1, and reo:-h_,,2,3 fr1e .;_-1utp:)t Gf the first ·,,ro!t:.::ge detecti.;_-111 c:rcu:t t•J re:::::ei,,re c1 t:rr;er. :-he circuit •Jutputs c1 t:;71er siffVi! for a predderrr;1ned 

perifJd, ond when the cutput of t;-1f: ccn:,tt:1:t vcdta9e ci:e'.iit :'eoc;-1f:s o :;eccnd vo:to[-!f: highe:- t;-1:":ll -::he fo·:,t vdta~v:, ~he seccnd vdta~v: de~eetio1: ci:e'.iit 0:..1-::p:..:~s :": de~ecti•,Y: 

output, wh:!P. '~he t:r~;t:: :;irc::..1:t G:J:p::'~s the nrnet· s:gr:,1:, '✓,the:1 thP- {!L:1pu1 f:·en: th~ se-:.;or:d v-:.1::.Qgf: C:etecti!"J:1 c::rcui·: c:e1;;r:rJ1 be -:.1bte1lned, :.hf: swi·:d:i:1g eirc::..1::. Is d:·ivP-:: Le 

;-~riuce th~ capcitacc~ value ot ,he cesonanc~ c3p3citor, v;hil~ the ,imw si~cal Afte, th~ ou,pu, h3s p3ssed a p;-~rietermiced periodPrev;c,usThe 1·~socance ci;·cuit is 

re'~::t·::ed :.o the i:1::.:,1! ste1te by th~ :Jperf!ti-:.1;; Gf lhe Si.'\1i'~d1:;;g :;i:·c::_;lt 

[Lllllc,J 

Thi:,The inv-er:~icn of:t is_pc:,sibk: tl: S'Nitch_~he :"f:sor:onf..e_capt:ci-::y of ti-:e_rescnt:1:ee f..irc:Jit_and s-::ob!-.:- :..:pdatf: the_dota of ti-:e_resfJnt:nce freq~Jency 1Nith t;-1(: ir.terrcc,atfJ:' 

,(:e;;der /write:)_,_ 

[0017] 

i)l:"f.',11.i:D Dl:SCl;ll''T:ot-J GI' ·:,-:I: INVU'f:iCN 

Ei-':bcd11~:-:en-::s cf th-2 present mvei~:tion wd! be 1Jesci·i;:1ed bek1w vnth referen,:e m -::he ucccrr.p::v:ying 1Jrmvii~:qs. 2 is a o;ock diugrarn cf the p-:a:r: p~1·t of ,:11~:e err.bodirr:er:-:: cf 

-::he Rf-":D tag aceo:-d:1:g ~o the present :1:ventio1:, Fl Ge 3 is ,:I W3\/eh:ri:-: rHor-ira:n l!f tt:e RFm ~og aceordin9 tl! the pre:,en-:: inv-er:~icn, r:s. ~~ i:; ar:cthe:" \.Va'H:f•,x:-n c:iagrorr. of 

t~;e RF:D ·tag ::;,_·e:ordir:9 t•J the pre.sent :r:ven·t:or:, F!G. t=:G. '2 ::.: :.::r: -:.1peratior: fl.;_y,,v:::::hc1:1 cf -:.1:V:- err:bcd:rr;ent of :.::n Rf-'.;D t;;g acc•J~d:ng to the prese:1t :r;ve:1t:or;, !r: ;:ic1, 2, 

vo:t3[-!f: de-::ectifJ:-: rneor.r, B or.d ·i 1 are \f\:!tage :-n•,Y:ittxing rrx:t:1:s, !ateh f .. il'C::Ji~ ·! 5 is rer,01:ance capoeitt:nce :,witet: eor:1io':ond 1:-:ear:s, centre! circuit ·i ?.., u:o stCr3[-!f: 

::1ec1;;s ·ic e1;;d :fo'~;'.': :1i;._1du!~·:or / det::{:du:r.1tGr ·!-l f!re QrJll-ce!:lsie:1 lnfG:r~;,1!10:: e:Jtp:_;:_ rr:P.~ns, respecll,1e:y. C:;..1:i:~n1u1P.. 

[0018] 

n;t: :F!D '~;'.':9 1 l:1d:Jdt:s c1 pr.1:,1!!e: rt:s{:ne1;;ce c::rcui'~ 1~ :;;dL:d:;;g ~ c:o:! :_, ,1 res;._1;;;rn:;e c,1p;'.':c::to; C:1, ~nd Qr: ~C:j:..1:~tr~;t::r: ccipQei'~ot· C7-. ~;i;;ce the lni'~if!! sla:e ef the sw:tchi::9 

;:ircL:i\ SWl made cif" semiu .. nductcr s;;eh BB a CMGS-Fl'."f :son the adjL:S,"kflt capo;_·it0: C2 and ,:1e :esc:1;;r;ee u,paci\;_1: C:1 ;;re ccrvkcted i:1 parallel and ;r;ciuded :n 

tt:e rescnt:1:ee f..irc:Jit 4 :n -::he i1:itio! :;tate, The 1·f:sor:once ci:"Giit ~~ rer,01:ates vvhen f:nterir:g a high-freqw:1:ey 1:-:agnetie fie:d (eo:-:e:;pondin9 h: the rk:tf:ctior: a:"f:a 3 in r-!G. 

1) prcv1ded LY{ fr1e ::;;;ter1n2: -:.1f th>: :r:terrogc11cr (read.::r / i.Vri·ter} 2, ;;r;d ·the ~-2:.:Gn:.::r:c.:: o:..;tpu1 i:.: app!:ed ·to the r.::cti·f:er .;_;:rcLlit 5, 

[0019] 

J\B ,1 t·es:JH, '~he ;ecllfyi:1g eit·cu:t 5 !"J::'~pL:1s Q dit·ec:1 cu:rH1I cen:p;.,1;;t;:r: (:P.c'~ifi;_;r,1ti!"J:1 res:_;H) eor:P.sp;_1:1dlng h: the degt·ee Gf <xJ::p!:;;g behvt:P.:: the r=n=m tr.1g-: e1;;d lhe 

interrogmor (re3dei· ! '.<Vriter) 2 ar.teni~:u, This DC ,:c,rr:por:ent is smootho::d by ti~:e smoothing ca::1uc:-::cr l: ::md stabi;ized by th-2 cor.st:F:t vdtago:: circuit 7. However, ti~:e 

Olitput ot-::he f .. l:ns~or.t v-n!-::age ,:,i:\---:uit 7 is r,ta~Ji!:7-f:d ot::er o (J:"f:c:etern1ir:ed time hrF, e:ao:;ed si1:ee thf: Rr-!D tag ; f::-:tered ~he detec~icn area :3, and thf: nutp:..1-:: Vee l!f the 

cc:1:.:tant v-:.1lt;;ge c:~o..:i·t? at t~V:- begi;;r;ing -:.1f th-2 er:try ::.: r:ct .st::iti!e. rh:s :s important for the p:e:.:er:t itwer:t:cn and '.o'i1!: be desc~:bed in de-ta:! tidow. 

[002Qi 

Gn th~ u:her he1;;d, vr.1ri!"J:jS cGrr:rr:~::C:s r~eeivP-d fr:J::1 '~he :nlP-rmg~·:or (:P.;'.':de:·; 1Nr:tH) '2 ,dQ thf: c:;..1:1 :_ ci;e rfo::10C:u!Q:.HJ by thf: C:c11c1 r~;Gdu!8h:r / de:1i;._1;._i:_;j~·::Jr ·i ?, ,1:1d the 

demodulot~ri ccrr,rr,3nds 3re suppii~,J to ,he wntr,:,I ci;·cuit 12 fer prcc~ssing. The wnt1·,:,I ci 0cu1t 12 c,:,:!mes t:·,e UID icclu,Jed in t:·,e ccmmond w;t:·, the UiG oi ,he :JID 

ste:·c19~ rnef!nB ·! 6, Qr:d OL:1puts :.hf: U!D l:J ·:he dQtr,1 rnodL:!e1:.or / d~r~;G!J:j:f!te:· 1 i if lhey r~;,11eh, r.1wJ '~he dr.1t,1 ::10C:u!QtGr / dHr:rxb!c1t;..1:· 1 i rr::J:b!e1tes ·:he U!D. n;t: U!D is 

·trar:s:ntted tG fr1e :r;terrogator (reade: / ..,..,.~:t.::r) 2 thrGugh the e:o:! L 

[002"1: 

\/\/~;en the con·trG! c:r,_·u:·t 12 ~,e,_·e:v.::s the data caB reque:.:t rx dat:.:: i.,s;r1te requ-2:.:t rece:ved frcrr: the ir:terrogc11cr (read.::r / i.Vri·ter} 2 v:a fr1e .;_;c;i! L --• .:.fat;; mod:..;!::it-:.v / 

demodulot•Y 17, the conceal c;1·cui, , 2 ;·~uds the 1·~quested darn from the UID st,:,mge me,;ns , G. Output ,:,r write th~ request~d data to t:·,e UID s,ornge n·,eacs 16. 

iHIZ?j 

When recei,icg " comm3nd ;-~spans~ prohibit;,:,n request fl",:,;-,1 the inteccgot,:,1· (-~,;dee/ writeci 2, the co;·,t;·o: circu;t 12 s~ts the pcch;l:,it mode ,;nd prohiMs ,he cesponse 

-::o the con1r:1or.d t:s k.:n9 as (JfJVver i:, s:..:pp!:ed ~he:et:f!N. 

[GIJ2J] 

:fit dei-':cn:,t:-t:tf:s ur,:ng ~he \.V3'H:f•,x:-n l:f nG. 3. t;-1f: ccr.:,tt:1:t vc!ta9e o:..:~put Ve-:. \ri1i:! be Q ir:itia:!y. A:; the RFHJ t,:19 1 er.terr, tt:e detef .. tinn orea 3, \/cf .. ir:c:eases. V'Jt:en the 

vo:tr.1ge v-: ::~ :'f:;'.':C:h~d. the 1rdtc19~ \F! is dt:IP.c1ed by the Drsl ,1ehe1gP. C:etecnG:1 c::;,;.;ui·: g, r.1wJ '~he i.'!"J:'~f!ge rfo·:ec:ti-:.1;; eit·cu::. 8 :~ises ·:he d~tt:c:i{:n o:_;tpul A 

[C:024] 

n;ls e:Jtp:_;:_ t.... ls cipp:ied te th~ Ii mer c::rcui'~-: o i.'i;'.': e1;; P.xdusivP- rn:., drc::..1::. 9. -n:iB nrnet· c::;,;.;ui·: ·w ::~ ·::iggered by the rising <.:r fQ!!:ng <.:f lls inp:_;:_ !:1 LhiB :;;'.':S~, 8B sh{:v,;r: by 

,"e sig,,al wavefcrm B ;:, l':(3. J, ,"e ·t:mer c;rcu:t 1 ll ;_1utputs a ,;rr,ed s;gr;al B fer a ;.1rerfoterm:ned t1:ner t:me cl 

:0025] 

YVhe:1 the c-:.111:.:tan·t v-:.1lt;;ue cutput \/o_·e: readies ::i highe: vGh:.::ge \/2 durir:g the timer ·t:rr:e t1, fr1e vGhage \/2 1s det.::cted by the .see:or:d ,,ro!t:.::ge detectic:1 c:rcu:t 1:, a:vJ the 

detection cutput C: ;·;ses. th;sGetection outpu,C is ,;pplied t,:, the res~t termical : 3 ot ,he wntr,:,I ci;·cuit 12. Whrn ,he d~tec,icn ,:,utput C appkd ,o ,he ;-~se, ,ermin,;I 13 

;:ses, the c:.:.1;;:_;.;.1: :;irc::..1::. ·! :-? c:ci;; perfGrr~; ~:: e:·ig:r:,1: ep~rnti!"J:1 s:_;ch 8S w;c:e:~s ,~{: the i:r:et·r:Jg;'.':h:r (ref!der / w:ilP-r} 7- {:t· '~he :ike !n {!'~he:· w:J:ds, :_f;isDe'~ec:t:or: !"J::'~pL:1Whe;; C 

is at~ !ovv ;ev-2;, the con-::ro! c11·-:u:-:: ~2 is hek; :r: ~ 1·0::set st~to::, and ut !ea::t its cutput sectioi~: is ii-:11-:101:,i!ized so ti~:ut no L:rii~:eces::ary sign a! is oL:tput :i-:e 3bcve sh•:1ws tho:: 

case where tt:e RF:o ~og ·1 en-::ers thf: de-::ecti•,Y: areo 3 l:f the inte:-:c~nto1· (:f::":c:er; \/•,Titer) 2 t:1:d operatf::; r:crr:1o!!~r 

[Llll2c,J 

f·~ex~, tt:e crF,e w;-1f:re it et:1:no-:: be :mid that it is no1·:-nt:! ccrnoa1·f:c: witt: nG. 3 i:, dei-':cr.r,t:-atf:c: :Jsi:-:g the wavefc:rn fJf :-!G. The pcwer suo~-J!y v-n!-::age \kc ir. :-!G. 1~ doer, not 

;:se s;~10<.::.f;!y ,;_;<;rr:p~red te th~ wcli.'eforrn C:ie1grQrr: '.3. /J,S d~scribed ~l"x:vt:, clB des.:.;r:bf:d cibove, :_f;P.:f: me V;'.':t"i{!UB e;'.':ses wf;t::f: 8 p:ur,1H1y Gf 1:.,i=m l,1gs 1 r.1rf: 01,1~d,1pped with 

~ach ,:,th~r and ";-~ loc3ted rel3,ively fo;· frcm th~ inte0rcg3toc (reoder / wri,er) 2. 

:Hin] 

-~hiB un:..;su;;! slate 1s .s~;c;wr: :r; t=:G, 4, and i:1 t~;e cpe~::it:or;a: fl.;_Y,,V di::igr;;rr; of t=:G.§_:"t cc:reBponds 1-:.1 -':, rx !ate:, That is, v,1~V:-n fr1e Rf-'.;D t::igs 1 cved:.::p each -:.1th-er, the powe: 

s:J~-J~-J!y v-nhage \/,:_e ca:-:1:nt :'eoc;-1 tt:e 'HJ!tt:ge V2 ever. afte:- t;-1f: tir:1er tirnf: t1 hos f:!apr,fa! after reoet:ing the vo:t3[-!f: V1. Thot i:;, the l!Litpu-:: Cot -::he v-nhage detec~icn 

,jr:::::uit 11 tha-t dete•_·ts fr1e vGhage \/2 r.::ma:r:.s at a k1v1 :e.,reL 

[0028] 

Dn ·:he .:.1thH h~::C:, whe;; lhe Lime; :.:r~;t; n e!r.1pses i:1 'd:iB s-:;'.':'~e, thP- '~it::e:· d:e::i11 ci::1:..1:.0:_;:_put_filg::8! W;'.':Vt:f<.:rr~;B fQ!!s, ,1:1d 1h::~ fo!! :s ;'.':pp!:P.d ,~{: the ek:c::-:- IP-rrni::81 C:< of :_f;t; 

:3tc:·, circu;t 15 y;" the QR d·cuit 14, m,d the ,:,utput Got ,he l,;tch c;;·cui, 15 ;s invert~d. Thus, w:·,en ,he ,:,utput ot ,he lutch c;i-cui, 15 ;s inverted, th~ ou,pu, iinvert~d G) 

ccn:-:ec-::ed tfJ tt:e switehin9 circuit S'.,,v·i is i1:ver.:ed frcrn ;-1:gh ~o !ovv, and the switd:ir:g f..irc:Ji~ SV\f! :s ~:..:rr:ed off. 

[C:020] 

.4:, a res:J!t, ~he :":dj:..:strne:-:t capof .. ih:r C?.. is d:sccnnf:cted fror:1 the 1·f:sor:an-:.e ci:"Giit ~~, tt:e rescnt:1:ee freq:ff:ncy l!f the rer,•,Y:ance circuit <0 increa:;es, and ao~xot:eher, the 

res.:.1;;r,1w;e f:·eq:_;t::1cy defo:ed by th~ i::'~en-098te:· (t·ecidH / i.'\1ri·:et·) /... /},s Q :P.sL:h, lhe p.:.1i.\1et· s:..1pp!y i.'!"J!'~;'.':ge Vee t·is~s ;'.':S sh(N/;; i:: nc:. Wf;t::1 '~he p<.:we:· Bupp:y 1rdtc19~ Vee 
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ccn,,cl circu,,: '.2 entecs ,:-,e ope 0oJ;;-,g state. As a res;;lt, the correspcnd,pg RelD mg 1 canoe accessed with the in,errogatcc (re3der / wri,er) 2. 

[oo:m:: 
r~;e :.::bcve i.s an effect:ve ,:.::orr;per:sc1t:or; operat:•JP :r: the e:2:s-2 wh-2~-2 the RHO 1a9 1 is .superirr:pc.sed :.::nd t~;ere is rr;utua: :;;terf.::r.::-n:::::e, Hci.-1;ev-2~, this e:ompe11:.:atior: 

ope:--a:::cr. :;n1i-:e-:::r.":e:, becc:nf:s- o (J:'fJ~J:en1, That :s-, :1: the ct:s-e cf a:~: appEcatio:n: ::~: \ri;hich ~he Rr-:D tt:g 1 r.":C\/es rv:c: e:n:~ers t~1f: ccrr.rr.un:eo~:cn t:rea :3, e'lf::~: \tiJhf:1: the RFlD 

·t3g 1 Is ak,r;e, ,:k 08eratici,1 is pdicrmed whe" the di,:tance frcm ,:k interrogate, (resider/ writer) 2 iB Ion~), I, rfoes "Gt reach ,:1e level cf the p0ss,ble voltage V2, bu·t 

reac:-,es th~ vclt3ge V1 ,h3, trigges the time;- circcit 1 Q. 

[GIJTI: 

;p this -:ase, vvho;:n -::he ~dJ:.istrr:erit -:ap3cit•:11· C2 1s sw:-::ch-2c;, -::he ubov-2-c!escritio::d ccrr.p-2ps3-::icn opera-:::cr. -:a:.ise:: the resopar:c-2 fr-2quer:cy ot-::he RF;o t~g 1 -::o devi3te 

frc:n t~1e der,il"(:d reS(Jn:":llCe freq'.:e11cy, [.i:·eat;y red:v.ing thf: cor-:1r-:1unicatior-: distance l!f the C(J:"'re:,pn11dir.[-1 sir-:gk: RnD tag ; . ;t wi!; bee 

[Llll32J 

Tc i1·-r:pl\!Ve t~1is. t~1f: operatifJn 1Nhf::-: the tirr.f::" circuit ·1 Q tin1es '.:p aga::-: is :,hnvm in -::he :;igr-:a! R l!f the 'Navefcrr.": 1:-: nG. Th3t i:;, wher-: thf: pmri!f::" :;upp!y vc!ta9e \/cc ch!es 

;;Gt :P.~c:h :_f;t; v;._1::.Qgf: V/.. cit th~ se,::or:d ·:it::erti:·ne n, the :.lrr:P.: ci:·c::_;11 ·i DU::'~oL:tput_fug;;r,1! 1.Nr.11refen::Whi:t: :3 fa!!B, '~he vo:tf!ge de·:ec:ti;..1;; eirc:ui:. ·: ·! Dt:IP.ctie:1 n;t: o::'~pL:1 C: i:~ 

~t a !cvv :eve: uri;ike ti~:e prev10:.is -2:<ar:ip!-2. For -::his reascn, the outp~t of the OR circuit 14 fa!!:: . .A.s 3 i·-2s:.i:t, ti~:e state ,:if ti~:e :atci~: circuit : 5 :r. wh:ci~: the cutput ,:if ti~:e OR 

ci;;..-:uil ·if..:. i:~ ~pp!:wJ '~o the doc:k tt::rr:i::8! CK is :e\1H:~ed c1gQi:1, th~ s1.Nltching c:::;L:it Svl./1 is tu:·ned G:1, th~ ~C:ju:~tr~;t::r: ccipQei'~ot· C7- iB eonnectwJ, Qr:d ·:he :·e:~Gn;'.":nc:~ :;irc:ui:. 

4 Retu~:1 t•J s·tate. 

[0033: 

i':..B a resu!t, s:r;ee the distarn.-:e frGm fr1e :;;terr•Jgatrx (reader/ w~:t-er) 2 is :;;1tia:!y fa~. t~V: pow-:r s~pp!yv•)taue Vo .. -: is -:.-:hanged t•J the cpe~~t:r;u v-:.1itaue V2.fl:"~;e Rt=:D ·tag 1 

ti~:ut coL:!d Pot be re~ched ~!so rr.oves tho:: :r:-::errogatcr (reado::r / wri-::er) 2lrlAs tho:: distari-:e apwo~ches, the power supply vo:rnge 'v'cc iri-:rease::. Wheri ti~:e pcwer sL:pp;y 

vo:tr.1ge Ve:;..-: rises r.1:1d reciches th~ ,1e!te1gt: V7-.1h~ ,1rdte1gt: V7- is dP.·:ec:ted by the 1rc:hc1g~ de'~ec:ticr: ci:·c::_;lt ·i ·i, Qr:d H:e cGnlrc! c:i;;..-:uil ·i:.:. i:~ set t;..1 r.1n ;'.":G;..-:t:ssib!e ste1te i:: 1Nhich 

ccmm;Jpication with the inte0rcg3toc (reoder / wri,er) 2 io poss,ble. 

[C:031..:-:: 

r~;us, fo~ -:x;::r::p!-:, ar. shC\•1iP :n ~ part of t=:G. 1, eve;; wh-er; the RHD tag:.: 1 and: ;::re -:.r-,,redapp-ed ar:d r.uper:r::pcr.ed. -each rer.onar:c-e fr-:quency :s deflr:ed by the 

i11ter:\1ga-::or (:,eode:· / write:') 7.. The :":cce:,s state car-: bf: se-:: c;l!Se tc t~1f: freq:.ienf..y, tt:e pcwe:, supo;y \f\!!tage Vee is :;ecured, or.d :;igr.a!:; can be -::rar.r,:-nittfa! ar.d :"fa'':eived 

betv·.:P.en er.1eh RHO 1c1g ·! ;'.":nd th~ :::ten-09c11e:· (ree1dH / "N::·:et·) /.. relQ:.llrely ec1Bi!y. Cr.1:1 de. 

[0035] 

~'>:ex:., fin Qr:n-cc:Ws:en (:·n:_;Hlp!e ;esp:J::de:· ;ecGg:1itk1:1) tech::iqu~ fer disti:1guishi;;g ef!c:f; r=n=m 1,1g 1.Ni!: be desc:;ibwJ. He:e, r.1n ernb;..1dlrr:P.::'~ 1.Ni!: be des;..-:ribP.d bciBt:d c:n 

,)ap;::ne:.:e !ndu:.:tr:a! Statv..i~rd (,J!!3) X632J-3 (ISO/ !EC 15693-3) "IC: C:a:d -..v:thcut ~xtern;::! rerrr;in;::!-Ne~rtiy rype-Pa:t ~1: C•)!:s:•JP Preve:1t:on ;::nd rr~nsr::iss:on 

P:"'fJtfKl!!"'. Therefcre, ir-: c:rk::·to f'.:l'"!~1f:r understant! this f:1·-:-:bndir.":ent, the a~J-:Ne-rrx::-:tinned :,tt:ndard pu;-JHshed by t~1f: Jopanf:se Standa1\!s Asr,ocimicn is he;pf'.:L 

[Llll%] 

in the an,i-c,:,'iis,,:,p algocith'':7 udop,ed here, '3'': inventory cf 3 plurality ot respo,-,ciers iRFiD rngs :, 1, 1, .. ) E:<isti,-,q in th~ commun,cation "'-~" 3 cf the In,erro~3,or ireade 

; wrllP-:) :-? :s used QS ;'.": U!D. :t Is extrQCif:d be1:~f:d en (ur:iq::e ;;urr:bet· c:f'~;'.":g). 

[0037] 

Tt:e inte:"rcr.iato:· (:et:t!e:,; v,.:riter) 2 f..an detect the pre:,ence of a p:uraHty cf re:,pnnders (RFlD ta9:;) (tt:e Rno -::og it:;c"·df ar, a res(JfJ:-:t!e:').!JJJ.!=JfH.J.9JHQL.(Reode:· / V1frite:}The 

ex1s·tenc-: of ancthe~ ~-espor:de~ ,_·an be knov·,1r; 0n!y fr•Jrr; the i:1fo:rr.c11:•JP frorr; 2), a:vj the s:)bject -:.1f 1~1>: a:gc:iHv11 exeo..:t1Gn iB the read.::r / ·,,vri·ter "2. 

[C:03~{: 

:=1G 6 s!K1i.'\1s e1 u:o (tcig uniqL:e r:umber) '~hflt i:~ :nfot·::1;'.":'~ie:1 fo; irfo::'dyir:g ecid: m=!D -:~g. j;; this er~;bGdi::1en1, the u:D :s C:Jmposed :Jf 61..:- bitB ~s BhGw:1 In F!G. 6, ~::cl the 

;:11n3rf d1sp!~y ch~1-~cter :erigti~: of the nui~:11:,er ot-:::r:ie sbts is set~::; ar. ~i--2u. ~ere, since ti~:e r:L:rr.bH of tirr:e skit:: :s 16, the urea is divi1Jed iri un:-::s of 4 bi-::s, mid -::he U!D i:: 

divided ir:tc "!:") ci:·eQs. -n:i:~ um u:1:que!y s~ts ecich :~F:D -:~9 by ·i1~ e1;er.1s c1:1d 56 bits cf thP- !C t::c1:1:_;fQC1U:P.: cede 4 ;'.":t·eci r.1wJ '~he :~P.:i;'.":! ;;urr:bet·-: o Qr~,1 :n Qrt:8s ,)_, B, G. e1;;d 

D. rh-e um of t~;e cc:1t:c! c:rcu:t 12 0hhe RHD 1~9 1 vvr:tter: ~;;rJ kept inside. 

[0039: 

~"-ie:::t, the ~r;t1-ccU:s:cn :.:eq~e:v_·e '.-\.'I!! be desc~:tied '.-\.'Ith referen-:.-:-: to the •Jperat:on fl,y,,vd1~~t BhGwn :n ~!G. -:-he oper;::ticn f:owc~1~rt :.:h0w:1 in HG. l sho'.-\.':.: ·the -:.-:or;ten·ts cf 

~ progr3r:: st•:11·,;:1::; ar.d o:::<ec~to;:1::; :r. th-2 ir:-::errogatcr (reado::r / wri-::er) 2. Here, u -::ypi-:a! ariti-co:!i::ior: seq:.ien,:e \111ho::n -::he ri~P-:ber of-:::r::e s!o-::s i:: 16 vvi:! ;:1e des-:nbed. 

,[;[1,10] 

;:i,s,, in step S11, un areo (':1,;sk d,;,,; areai th3t otc-res inteI·,·ogutc-r mask-,·dmed do,il is ,,-,1tialized. 1,-, this ,,-,1tialization, the mas~ Ieng,:-, darn is set tc Q, ,he ,-,1,;sk value 

data is Sf:t to a prerk:tf:r:-nined v-a!ue, ar.d t~1f: area oosi-::icr. dt:ta ir.dicatir-:g thf: positifJ:-: 1NhNf: the u:o (:.ir-:iq:ff: do-::a) r,tfJ:"f:d ir-: the Rr-!D tag i;, l!permed is o!:,l! set tc Q. 

[C:041] 

V'Jt:en }r\!l: ore :e:":t!y tc issue a ccrr.rr.a:-:t!,~.A.t 12, tt:e read!'::·/ vvrite:, 2 r,f:1:ds rv: in'lf:1:tn1y CfJ:-n:-n:":lld, As a res:..:!t, an inver.tcry con1r-:1or.d is -::ror.r,:-nittfa! -::o -::he ~-J!u:,a:ity nf 

:F!D '~;'.":gs·!. ~)itK-:t: ef!d; m=!D 1,1g 1 f;r,1s c1 ;~1Qsk lH1g·:h ef O, Ul,-'\ mspc:nBt: :s lwfope;;dP.:r::y mturr:P.d h: th~ i::'~en-ogf!ter (t·ecidH / "N:i·:et·} 7- 81 it:~ !"Jw:1 :.lrr:f: sk;:_ nrr:i::9 

detei·mii~:ed in ti~:e 3re3 o of D. Therefore, :r. i-:1~py ,:uses, eaci~: U!D 1·0::tu1T:s a i·-2spor:s-2 a!cr.e to the iritHi·og~tor (/o::uder / writen 2 1Jue -::c th-2 acc-2::s b-2tvveen ti~:e -::wo, b~-:: 

tf;t; :esp;..1;;se tl:ff{ ce!Hde 1Nilh s;..1;~1~ :Jf lhe RHO 1c1g:~ ·i. 

[C:042] 

CfJ:re:,pn11din9!y, the steo:;_f_13f~.A :;igr-:a! nn -::he Rr-m ta9 1 side ir. :·f::;por-:sf: h! the Benth":y f,l!l:-:1:-:and i:; de-::ectfa! tn detef.t tt:e -::ir.":e :;!o-:: pcr,itinn 'Nhe:,e -::he cnrn:,ion 

oco..:rr-:d. -rhe detected t:rr;e sk1t pos:t:cn :s st-:.Fed in the c0!!i:.:i0:-: slot rx.iffer 1 U s~;own :r; ~!G. -:-hi:.: :s t-:.1 distinguish the F.'.F!D tau 1 th~t ~;as c•J!!ided, ;::s -..v:n be de:.:er:bed 

:atei·. The c,:1WsioP slot ;:1LlffH ':8 :s foi·m-21::; :r: th-2 in-::errog3-::cr (readH ! vvr1ter) 2. 

[C:Dt~:n 

;f ti~:ere is no cc!;isiori, -::he rio::x-:: ste::§Vl/her: the presen,:e of-::he t~g is do::to::c-::ed ri,:1i·m~ny ~t 14, tho:: U!D 1Jata cf-::he -:orrespcndiPg RnD mg 1 1s stoi·-21::; ar:d ho::!d iri ti~:e 

detecticn UlD ;-J'.lfN :9 shfJvvn in r-!G. This detec-::icn UlD ~J'.lfo:· ·is is t:!sc fcrr.":ed in -::he :1:te:Tl!gato:, {reader/ '✓✓ :·itf:1·} 7.. Ir-: thi:; way, tt:e-::ir.":e :;!o-:: data t:1:d-::he U!D data 

·that hove u;llided are au:un-dated i~ the buffers rn ""d l'i cf the in'terr0gatcr (reader i writer) 2. 

[DO<":!: 
~'>:ex:., if the;e is c1 :.Qg ·:h;'.":'~ '.-Vr.lS s:_;v;es:~fu!!y dP.·:ected, ·:his Is '~he slP-fJiFhe ;;t;;(~ c:o;;:.ro: is ~xec::_;:_~d in B:.~p ~;H~. Step-2,_in H~, thf: i:1te;:·egQ:.or (;er.1de: / write:')~: ;ef~r:~ ·::J '~he 

-:on-::er.ts ,:if ti~:e dete,:tion U!D b~ffor 19 do::scr:bed abovo::, s::10::cifie:: the c,:11·i·-2::por:dirig (havii~:q U!DJ t~g by ::pecifying its u;o, and ucce::ses ti~:e mg. Th~t is, Pecessary d~tu 

/ :::fo:m~'~i{:n ~xc:hQr:ge iB eot::p!e:.HJ. 

[UDli'.:,] 

.A.fter this accer,:; is cnrnp!ete,_f!n ;7, a CfJ:-n:-nt:1:d tor setti:(~ a state in 'Nhich no respcn:;e i;, 1·f:tL:r1:ed tc thf: ir-:'H:1:tn1y CfJ:-n:-n:":lld caned STAY QU:t.T c•,Yn:-nand ir, 

t~~;;srnit"ted tc t~V: ccrresp•Jr;dir:g RHD t~g 1. ~;;rJ the cp-:rat10n BB a t;::g :s stcpp-:d. (!-1,x,,vever. vvhen 1~1>: p0w.::r 1s rer.et, the state returns to the reBpGnse :.:tote.) /.\.S c1 

i·o::s:.i:t, ti~:e 3c,:ess to ti~:e ccrres:x,ndir.g RF;D t~q 1 at this -::ir:iing 1s terrr.iri~ted, vvhich is e-::uiva!en-:: -::o -::he fo,:t tha-:: -::he -:01To::spor.dii~:q RF::J mg 1 does ri,:1t exist (s r:ct ii~: 

sted<}. ·r:;'.":nsi:_irrn '~o the sla:e. 

[QO&c,J 

Then step~: 8 tfJ searc~1 fo1· any ot~1f:r Rr-!D tag : df:tec-::ed,.$."l 5, if a1:nther RF!D -::og ·1 is rk:tf:cted, tt:e obc-../e steo:;_f_The p:Gf_.f:ss f,l!ITf:spor.d::-:g to ead: RF:o -::ag ·1 is 

~-:pe;::ted ~JY rep-e~ting steps 16 ~;;d ·thereafte:, VI/her: p:c-:.-:ess:;;g of ·the RHD 1c19 1 dete-:.-:t-:d r:crm;::Uy is e0mp!-et-ed, the step;Fhe deterrn:r:ati-:.1;; result ~t: 5 :s Ne, ar:d the 

(.l .. 1n-:::\1! i:, s-::ep~~;1r;v-ed tc 2Q. 

100,11] 

S-::ep~A-:: 20, :-:: :s 1Je-::errn:r.ed whetho::r or no-:: -::here 1s a -:o!:id-21::; RF!:J tag 1 i?/ !oo~ir:g ~t ti~:e ccntei~:t:: at -::he ,:omsion skit buffor 1 B. W'h-2i~: :-:: :s 1Jetected ti~:ut there i:: a 
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ccrnsiori,§The d-2to;:1T:-:1113-::icn ,:if 20 :s Yes Grid the ste::§After 21, 3 pi·o-:ess foi· dis-:::r:guishir.g ti~:e ccU1ded t3g::; :.isii~:q the u:o is exeuited. 

[oot~:n 

;e ·f:rs1 st.::-pl2,!n '21, the first t:rr;e s!rit pos:t:cn data 3rr:cn9 the tirr:e :.:!o"ts :;; Y11h:ch the •:G!:i.s1rx1 her:.: 0::-;cu~red is 1a:-.:en i11 as rr:a.sk re!::it-ed d3t3. ;;; this .::rr;bGdirr:e11t, as 

desc:l\·--;fa! abc-../e, thf:l"f: a:--e ·i 6 t:11:e s!ot:;. f·~l!W, :'.: ir, ass:V:lf:d -::ho-:: a cnl:i:,lnn ha:; acc:J:":ed at t\ri;c :neo-:::cn:, af tir:1e :,!nt 1 and tl11:e r,:l!t '~- In t~1:s exa11:p!e, "1 '', -::ho-:: i:,, bi:~:a1y 

data (D001) is .st•Jr>:d as t~V: flrst time s!ct pc.s1ti0r: tfata_ !n add:t1rx1, (DD01) is st•J~-ed / stored aB mask value d3ta. 

[00&9] 

~'>:ex:. s-:epsi??, H:e :n:·::8! v~!u~ is Cl (:~tt:p§J-: ::~ ~ck!ed tG lhe rncr~k !,e;;gth. /-\s c1 r~s::!1, :_f;t; ::18s:-:- !e:1g~f; is Bt:t IG f..:. b:~B. ,t\!sc:, +·i is wJded ~;..1 :_f;t; ~reci pGsilie:1, ~nd QS 8 

;-~suit, Ul:J ,;1-~a 1 (see FIG. 6i is selected 3S positi,:,;-, darn fer desi~cating the ne:ct ti:-ne slot. 

::0050] 

:n t~1:s w;;y, wh-er; the co_-i;;r .. frtion 1-:.1 .::-xec:)te the il>:X"t itwer:tory •:ommar:d ::.: ::1e1, corrtrG!.§12 :s ::1ov.::-d ·to. rh-e inv-er;tory c.;_1;7v71;;r;d ·to be exe•:uted next is d:ff-er.::-nt from the 

pre-../ia:..1s ,_-_l!l1te:-':~3, and i:; :..1pdated 1Nith ··:nask k:1:gth ir, 1f', ''n1as;( vahie :s 0001'', and "U!D a1·f:cl pcsitil!l1 :;, 1 ''. !n ~hi:, 1Naf t~1f: :..1pdated in'lf:1:trny C(Vn:-nt:1:d :;, exef ... Lited. !n 

~f;ls c:e1se 1NhP-re the;,e is e1 :.Qg ·:h~-~ he1:~ :;c:H:ded, r.1 ve1:uf: (D001} the1:. h,1s ;..1:1cP. c:;..1H/ded :s em,e;,ed ~s Q rr:,1sk, se ~hHt: ~t·e e1:w8ys 8 p!ur~:ity Gf m=!D l~gs. Hc:1NP.v-e;, s:;;ce the 

··uio 3re~ positi-:F:'' thcr:: specities the ~:rr:irig er:: wi~:1ch the RF!D tug~ retums a res::11:::,pse is different frcrr. th-:: previous tirr.e, -::he p,:::1ssibi;ity of ,:o!!ision 3g3;p bec,:::11~:1es low. 

HGwevP-r, :t e~ntK1~ bt: sci:d lh~·: H:e:·e Is n;..1th:r:g :n p;:r:eip!-e 

[LllltilJ 

AnyvVcl'/, 'Nt:en the i11ve:-:to1y ccrr.:na:-:c: :s ~-£~rfo:":nf:c: agai:-: Hkf: this, the sa1:-:e steo as ~he ~Xf:VifJ:J:; s~ep :s pe:-fcr:-':1ed t:c:ccrdin9!y._$_R!':pea-:: ste~-):; ! 5, 16, ·17, ond 1 B. As a 

~.::-sLl:1, aeceBs to the 1n·terrGg3tcr (read-e~ / vvriter) 2 is comp:et-ed for the R~!D t3g 1 de·tected norma:!y. ~;;rJ the c•J!!is:or; stale :ss1a1e!\s a resuh, ·the ;1:)rr;ber of R!-=!D t3gs: 

ti~iut c3nri•:::1t be 3c,:essec: decre~ses g1·~c:ua:1y. Hm,'lfever, in priri-:ip:e, :-:: is not ccrr.pkte!y eHrr:iri~t-::d. Thei·efoi·e, if the co!!is1on tag i·ep~iui:-':s ~ftH ti~11s s-::co:-':d iPventory 

ce:11:11e1r:d ex~e::·~:c:n, ~g8i;; s-:ep§Contt·o! :s ·:r,1:-:sfo:red :.o :.?D, Qr:d ·:he d~tHr~;ir1~·~:en r~s::!1 ::~ '/es ,.'\;;d lhen B:.~plffhe p;;..1;..-:t:ss of up:fa•~:ng ~ht: :nvt:rr::Jry ;..-:Gr~;r~;,1r1ds ?·: 

3nd 22 :s -::xe•:~ted 3g311\ Grid the third 111verit•:::11·y ccrr.rr.:Fic: :s ::tepped ~cccrding;y.212 is e:<ecutec:. 

[0052: 

r~;ere3frer, whe;1 this pr,:_1,:_-:ess •A :)pda-ting :.:uch ~ mask pGsi1ic;1 1s rep.::-ated a;1d there iB no c-:.1;!idin9 s!ct, :tis~ step.,§rh-e de·ter::1:n~t:or; result r.fo·term:ned at 2Ll i:.: N•J, 

:":11d ~he cn11t:\1! ir, 110\riJ :": s~ep . .S.23. As 3 :-e:;ul~. t~1:s ~:~e. thz co1:t1·0! ta re~:...:r:-': thf: a:·eo pfJ:;itio:-': i:; a r,tf:p.£·?•~. ?..5, and s-::zpr,}Tt:e p:--oce:;s cf repf:ati11g ·! 9 :s pe:·fcr:-':1ed. This 

:s :.G eo\1H ,1 dt·opeut i.'\1hen r.1 :;c:ms:c:n oce::t·s :r: ~ pl:_;rn!:·~y of sk/~s e1~ :_f;t; sc1:11~ ~re8 pos:·::c:n. J\ :~f:ries e,f prGeesBlr1g iB pet·fGrrr:P.d, QWJ 1,,vf;t:r1 -~he r.1m~ peBlti!"Jr1 t·eLL:n:s tG D, 

-::he ~Pt1-ccBis:cn ::eq:...:eri,:e is cornp!etect By i·e::1ea-:::r.g th-:: process :n this rr:anrie1~ it is pcssib!e to st.:bst~Pt1a:!y e!ii~:11Pcr::e the 1·-::rnair.irig RF!D tag~ th:3t ca:-':r.ct o-:: 

Q!XeBseC: d:_;t; ·::J 8 ;..-:G!!is:Gn. 

[GD5J] 

~ext, ~he :;in1p:e c:nrn:,ian ha:-:c:!:r.r-1 :":!ga:--:-::h:-':1 r,t:l!l/'fr. :1: r:G. ; C: vv:n be de:,c:·ibed. Tt:e ope:-at:01: tlow c:iograrr. :;i1awn in F!Gc "! Q is a Si:-':lpEf:ed 'H:r:;io:-': (Jf thf: cl:-':~i-co:!:si•,Y: 

3!9•_-ir:t~;rr; shci.-1;n in ;:-iG,2/~t 31, a re;;d ccrr:rr:a;1d v,dt~l a si;1ipie ccnisi-:.1;1 preve;;t:fJn for:cti•_-i;; is -execut.::-d. :n th:s caBe. ~ co::1::13nd hm,i;1g a c-:.1d.::- indi•:atir:g the Grder of 

-::he ~Piq:...:e ;o ,:::if ti~ie mg tc stmt ti~ie ccU1s:cn p1·everitioP slot ~Pd 3 ,:oc:e indiccr:::r.g ti~ie :cc:3t1011 of dat3 t•:::1 be re3d froi~:1 ti~ie mg i:: issued 3s the coi~:11~:1~11d. As :3 rest.:!t, 

:~IP-pj.t\s i:1dle~·~ed by 1~'- r.1wJ -:J, the c;..1n:ded :.:r~;f: s!o~. ·:he :10;:11e1Hy :.fotP.:/~ed U!O, ~r:C: the desi;,ed rf:~cl ;__fa:.Q ,1re s~;..1;,ed ,1:-:C: h~ld. 

[0054] 

Stf:p :f ~he:-e is 3 cn!:ir,innfjThe df:te:·1:-:ino~icn l"f:s:...:!t fJf 35 is Yf:S, a:-:c: s~ep t:ga:r..~A read G0:-':1:-':13nd 31 w:tt: a si1:-:p!2 co:!:s:01: p:--zvf:1:tia:-': funf ... til!l1 :s exeGited. In tt:is ca:;z_ 

fr:is step_§!n 31, i;1:.:tead cf -execut:;;g the fF;e 3!~w~it~V7l shc1,,1,,·r; :n the nov,1diart Gf !-=!G. ?, t~;e :-:ext co::1::13nd 1s executed with ;; sirr:p!.::- a!g-:.Fit~V7l_ ·r ha-tis, ·the ;1ext 

cc:n:na1:d :s exef,'.ited by s:~ply :-':1cv:11g ~he :;!a-:: sta:-~ pc:,itian tc thf: 112xt ~-)l!Si~:cn. 

[GIJ55: 

;p this W3Y, '.<Vher. the s:ct st~1·t ::1,:::1s:-:::cr. is sii~:1::1!y moved, 1t :s i~iot possible tc ,:ornp!ete!y el1P~i1n3-::e the occui·reri-:e cf 3 -:o!:is1on with -::he surne RF!D tag 1 again. Howev-::1~ 

~s (fosc::ki~d ~btwf:, ~h~ m=!D 1,1g 1 :s givP-r: c1 :_;r:iqL:e uio e1~ !P.~st i.'\1iH: 56 bils efthe ic rr:,1r1:l~c:tu:·e; cGde ci;;d serie1: r1::t::be:; ~nd ~h~ sk1t :~tr.1r~ pGsilie:1 Is s:r~;p!y QWJ 

ea0i!y rr;oved as de0eribed ;;bG,_,e_ Ese;1 if the executed eorr:rr:and 1s executed, ea•:h Rt=:D ·tag 1 car: be a!rr:cst :der:tifted by ~-epea-ting :t several 1irr:e:.: from the s.::-eor:d 

-:::~e. a:-':d thf:l"f: :s :-:l! p:--ab:e:n l!I" 1:-:alt:..1:-':cti•.Y: i:-': a 1:nn:-:al ao~-J:icatifJn. 

[C:056] 

:;~11s h:3:: beei~i cor.firrr.ed by e:<per:rr.ei~it:: ar.d -:::<periei~ices ,:::if ti~ie :r.ven-::ors. Th-:: mer:-:: cf 3d,:::1::1ti11g su-:h 3 s1rnp!e -:o!:ision preven-:::cr. ~!gori-::hrn is tha-:: -::he ::ystei~:1 

ce:1~:gur,11:on ::~ si:11p:ifjed Qr:d ::1~i:1~-er:,1r1ce Is fodH":~·:eC:, ,1r1d the r.1ece:~s sp~P.d be~wP-en ~h~ HF:D -:~g 1 QWJ H:e :r:tt:rrGga::Jr (rP-~C:e:·; 1,,vr::.H) 2 :s :r:ere~s~d. /.,s c1 r~s:j:1, In 

3n ,;ppl:c,;t;on :n whic:·, the RFID tag: acd the ic,ercogatcr (re3d~1· / wci,ec) 2 :-ncve cel3t;ve tc euch othe1·, ,he 1·d:3bi:1ty cf s1gn3I ~xchCJnge is i:-nprov~ri, wh:ch ;s 

orJ-van-::agefJ:E :r. f:1:s:...:r:n9 tt:e :--zHabiHty l!fthe 8y"S"::2~c. !11 8:V.h 3 (,:":Se, tt:e si:-n~-J!if:ed -:.nrn:,ian prev·e:-':~icn :":!gor:~h~ (,:"!11 be ~-)l!Si~: 1H:!y :":c:npted by" seh":e-:::r.r-1 :":ppHcatil!l1 

•:Gnditi-:.1;1:.:. 

::0057] 

:nth~ ~bc:\.'t:-des;..-:r:bP.d e:11bodirnen1, r.1s sf;G'✓,,.-n :r: lhe drc:j:-~ diQgmrr: of F!G. ~:, there i:~ :Jr:e Qdj:jsln:e:1:. c~p8d:.Gr C? By p:"twiding r.1 p:L::·c1Hty ef c1djus·~::1ent ;..-:r.1rBci~;..1;B C?, 

tir.ei· ~dj:...:strr.ei~it is po::sible. H:::1wever, :3::; 3 result ot v:31·1ous exper:rr:erits cor.du-:ted by the inve:-':-::ors, a sii~iqle 3d;us-::rnent ,:upacitoi· is alm•:::1::t st.:ffl,:ien-:: when the m1ti · 

cG!:iBl!"Jr1 fonc~:Gr: :s :_;sec:. 

[GD5U] 

[The in'H::-:tinn's effect 1 
/.\_s described above, ac•:Grding tc t~1>: pres,e;;t inv-er;t1on, ;;r; 3n1i--:.-:o!!is:on fLlr:cti-:.1;; is ;11-:.1:)r;ted en t~1>: R!-=!D tag, ;;rid a 0wi1c~m1g c:~o..:i·t for sw1te:hin9 on 3nd •Jff t~1>: 

resoi~iunce -:ap3c1t•:::11· 1s prcv1ded. ;=01·this re:3son, if u certaii~i lev-::1 cf pcwer sup::1!y voltage/ cpH~t111g v,:::1!tuge cri ti~ie :=-;::=:io mg side i:: obrniri-::c:, id-::11titk3t;,:::1P of eaci~i RFlD 

~Qg !";8n bt: su:·e:y p,e;fen::ed by the ,1rr:i-c:;..1H/si;..1;; fuw/~ic:n. i=Gr lhis ;,er,1son, f:11e;; if ·:he ;..-:h,1r1ge :r: ·:he :·e:~rrn~r:c:-e fr~quency is se·~ t·e!e1:.:ve!y r:J:jgh, 8 stcib:f: c:pe;e1~:Gr: cc1:1 bf: 

secuced, and t:·,e prnctical:ty that the cel1ab:l;ty oi ,he ff,tice sys,e:-n c,;n be ~usily ::-npccved is extreme:, h;gh. 

::R:"ief dzsf ... :"iptinn cf the c:1·,w,;in9s] 

~!G. 1 :s a 0ys1e;11 over;:ev,1 •A ;;n Rt=:D ·t3g ~;;rJ an RHD :r;terrogator Llsi;;g the RHD tag 

F!G 2 :s a ~J!l!Gk d:ag:--a:-':1 cf a 1:-:ai:-': pa:·t fJf a1: 2~bcd::-ne11t ot on m:;o tag acco:·d:119 ~o the present :1:ventil!I:. 

:=1(; 3 is r.1 wcli/eforrn C:ie1grQrr: !"Jf ~n RHO ~e1g w;c:;..1;d:r:g ·::J H:e pr~sent :r:1rent:or:. 

:=1G. 4 :s uno,her wuvefcc:-n d;ugca:-n cf the p:=10 tug 3ccc-rri1ng tc the pcese;·,t 1nve;·,t;on. 

F!G. 5 :s 8n opP-r~·::c:n flowche1;t ;..1f o;;t; en:l"KKi:rr:P.r(~ c:f 8:1 R:= iD :.r.1g ~c:;..-:Grdlr1g h: the prP.se;;:_ lrrv,e;;:_:Gn. 

6 ;,, a U:ll (tag u,1;que nu,,1,.1er) 1nformat:on ,J;awa:-n for ider;t1fy:n9 ;;r, ;.:i:,D t3g ,Keord:ng ,,, tbe preBen·t :nven·t:cn, FIG 
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3 :s" block d:3grnm ,:,f" thcee chacnel memory card 3ccc,r,11ng tc" prefocred emo,: .. Jiment cf th~ present mve;·,t;on: 

1 Llll, 2QQ: "krPocy c;;rd 1 b: ;;,put ain 

130, 230: rnerr.cry cor:-::ro:!-21·: 40, 240: ir:terfac-:: :.ir:it 

Tt:e prer,f:llt :r:-../e11tior: :-e:ates tc :": 11:er:1or/ ca:T! hav-ing a f:ash :nf:1:-:(!ry, and r:":cre ~-)art:c:.i:adf tfJ a n1er:":Cr/ card ca~-Jable of :;ir:1:_dtanf:nusli perton1::r:g at !eost tvvn 

func\i;_.,,s. 
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With th-:: pro!:ferati•:11~1 of portab:e d1girn! d-::vi,:-::s su-:h as 1Jigita! cameras, MP3 pl~yers, cdoi· i~n,:il:,1!e p;~iones, ar:d p,;:1·::0:13! dig:rn: :3::;sist:Fits (PD.4s), metT:cry s:.ich ~s 

;~1uHimediQ e~rds (hHt:i::8Her refo;red :.c ,1s MMC: ;..-:r.1rds) ~nd SO c,1rds (Se,:::.m; Digi'~8! C:e1;d:~)-n1e tfo;~1Qnd f:-;r cci:'tfa is fF;Jwing ;e1pld!y. Met::cry c~t·ds Qr~ ::/~~t::p-Bl1-ed 

:.:trxage d.::-v:c.::-s that c;;nno·t be .::-rosed ·,,vithcut;; pow-er s:.ipp!y. ;;r;d 3re ~J>:t:oming a r:ec.::-ssity for ir:f:xma-ticn life due to their -3;7i;;!! .s:ze ::;;;rJ abund;;r;t stornge capac:ty. 

A.ccocd;;·,e; to ,he ''M;;lt1tvlediCJC3;·d Specif1cutioc \iecs;c,n 4.o·· p;;l:-lish~d in Felxua:y 2QG4, the MMC c3rd hCJs 3 1-::,It concncsnd line m,d sn 3-bi, dst3 'ine, and ,Hites dCJ,CJ in 

by~es r.1ccerC:i;;g IG ·:he ;..-:Gr~;rr:,1:1d i;;pul frcr~; lhe h;y~t ( i=·t::for;~,:~ ~ 1Nr:tt: or t·ef!d GpP-rff:ic:r:. Hc:v•;t;,1e;, ;'.':GCGrdi:1g Le th~ spe;__-:ffjcf!tk1;;, c:r:!y or:e fur:c1:or: ;..-:;rn be pt::fo;:·n~d :r: 

;_,rie MMC cord, 3nd It is ;rr1possi:.1le to perfonc ,,,;;_.trier func\ki:, wh;:e one :;_;r,etion ;,: bei:.g nerformed. 1,1 addilic:1, 3cu .. rd1ng le the MMG c3rd Bpecifi;:ati0n c;_;r:eritly 

'.~sed, e'lf::~: :t i..\/\J(J C!I" 11:nre MMC ca:-d:; are co1:11ected tc! a:n: ao~~)ncati(V:, cn!y or.e card -::hat f..a11 -::ra:n:s:n:t and re.-: .. ei'lf: dma 'Nith i..he ~1ost :s ~~)l!Ssi~"J:t:, The:efrJ:e, e-../en if a 

p!u~::ility .;_-if MMC: •:a:ds are c0r:r:e.;::t.::-d. c1 p!:..;rn!:ty of fLlr:cti.;_1;;3 3re ;;c;t pmvid-ed. :t c::;;;pfJt be d•J;;e 3t the same t:i7V:-. 

;p additi•:11\ the MMC card requ11·0::s several t1rnes k:,pger-::han u norm3! wrh:e / read ,:1percr:::or: to ::1erf.:11·1~n u seu1red f:..;r:cti•:1P. :f-::he i~:01·1~n~! MMC cpei-~tic,n :s s:_ippcr-::ed 

dLirlng th!:, per:cd, the r,f:e:_i:--:-::y f:v:ctio:n: rr.ay r:ct ~Jf: g:_iorantr:£:d. Ir: case of :":t:t s:..;ppfJ:iin9 1:tx1i-:al ~;1~;1C C(Jf:1·atlon. t~1f:re i;, a p:--ob!e:-n t:f 1Noiti1:g :..;r:ti! al: :,ee:..;rity f'.i1:e-::ior:r, 

;::re perf•J~:1v2d. -:his prGb!err: ::ipp!ie.s tG SD cards as i.-1;e!: ::;:.: ~vi~viC ca:d.s . 

.4ccordicgly, ,;p obiect of the pcesen, invec,icn Is ,c sc-lve ,:·,e 3bcve-ncentio;·,ed prcblff,-,s, CJPd ,o prcv1de 3 ;·,1;;lti -che3;·,pei mff,-,c,Iy c3;·d havi;·,e; a pl;;1·,;li,y ,:,f dutil 

t:·a:-:sn1is:,lon / :--ece~-Jtit:n cha:-:1:e:s and o ct:ntrt:! r.':ethfJd t:":e:,eof, 

SUMM,\H.'{ OF rHE !!''~vi:Nno:--~ ·n1e p:·e:~P.:(~ invP-::'~ien h,1s beH1 t::8de i:1 c1:1 t:'ffort t;J prGvide r.1 ::1::hi-ch~::ne: rr:e::K:t-y c,1:d ;'.':nd r.1 !";{:ntrd ;~1t:'thGd c:e1pr.1b!e ;Jf 

sincclt3nrnusly periarmicg "func,icn ,:,,:·,ei-thac 3 f;;pction 0~Ing pefcrnced while 3 nce;·,1,:,Iy c3cd ;:ef,:,;-ms a ceI·t3;p functicn. 

A.n cb_,~c, oi ,he ;:,;·~sent i;·,ventio;·, is tc ;:,1·,:,vide " mclti-chancel IT,encory rnrd 3nd ,; central ;-,i~thod c3;:,,;ble of p;-oviding a ncclti-,;ccess tucctio;·, th re-ugh 3 p~,ulti -chCJPnei 

i.'\1hil~ bei:1g co::1pc1tib:P. 1.-vith ~ rr:e;~1o;y cf!:·d :~pec:i~ca::on. 

:n -:.vd.::r tG ach:eve t~1e abcve object, the rr;e:n:xy .;_;ard sy:.:te:n a<..X'GFJing tc t~1>: pres;..=,:;t inver;t10n se!ective!y ae:·tiv;;t.::s a :71>:mrxy c;;rd hav:r;u;:: p!urn!ity Gf data 

-:::--a:n:s:n:ssifJ:I / :·f:cep-::icn cha:n:r:e:s and t:":e data t:a:-:sn1is:,lnn / :'eceotit:1: chrv:1:el p:cv-ided :1: the rr.f::-:it:1y card, ar:d :":ctivatf::;-::he activated dcr::a -::rar:r,:-nlssifJ:-: / :Y:cepticn 

ch~nne:. :,~ c:hQrne:et·il.~d :n the1:. It !";{:t::pri.st:'s c1 f;Gs-: fo: generQ:_ing 8 p:u:,1:ity Gf cot::t::f!:1d:~. 

:n -:.vd.::r tG ach:eve t~1e abcve object, the rr;e:n0ry .;_;ard acoJrd:ng to the prese:1t :nve:1t:Gr; ccrr:p:i:.:es ::i p!:_ir;::!ity of input pins t~1;;t r.::e:eive en:: Gr mrxe c.;.-1:1v71;;r;ds fror:: a 

hcr,t ar.d •.Y:e or r.':cre dt:ta t:,ansrr.i:;sicn / :ef..ep-::ior. d:an:n:e!:; ir. :'f::;po:n:sf: tt: the c•.Y:11:-:and -::c activate c:ata with the hfJ:;t. A.1:d a :nf:1:-:t:ry ca:·d co:n:-:::--ol rk:Vicf: 1Nhich 

pt:':for;~,:~ lr,1:1srr:i:~s:{:n Qr:d :ec:epnG:1 find sl:J:P.s th~ :fa'~;'.': trnn.sr~;lssior: ~::d ;ecP.p'~i{:n ;;..=,s:j:'~ i:1 r.1 ::1err:e:·y co:e. 

:r: -:.vd.::r tG ach:eve t~1e abcve object, the c0n·tr0! rr:et~vJd of the rr:;..=,:71Gry ca:d ;;e:ccrdi:19 tG fr1e p~e:.:e::t i:r,,rer:tic:1 comprises fr1e .st.::ps cf: (::i) ddermining whet~l>:r tG :Jse a 

:n:1u!tl-char.nf::; (b) if the 1:-:Lihi-c~1:":1:ne! :s :n:ct u:;ed a:, a :--es:J:t nf the detN:-:1:1:cr::ior. :1: s-::ep (a}, pertnn1:ing thf: eo:n:1:n:1and t:":1·0Ligh a :;ingle chor.nd: (c} f .. :":eck:1:g -::he :l'.i1:-:be:-­

of ch;'.':nnels 1NhP.:: u.sl:1g the r~;uHi-c:hQr:ne! QS ;'.': :·e:~uH {:f'~he :..it:'IP.:rr:i::flti;..1:1 i:1 step (r.1): (d) ;'.':!!oca::::9 e1 co::it::f!nd i:::e Qr:d ;'.': ;__fa:.Q !:ne for t:'8ch ch~::ne:: (e) C:et;..=,;:11ir:i:1g tfa~e1 

i·~to::s for-::he -:ha:n:r:e:s; .4r:d (f) performing u ccrr:rr:.:F:c; for e3ch ch3r:no::! 3-:: the c;uta r3-::e ,:kte1T:~:1ned ;p s-::ep (-2). 

:r. a p:,ete:--:,ed e:n~JOC:in1er.t, t:":e phJ:"a:ity fJf :1:p:_i-:: pin:, are p::-:s defo-:ed accrnY:ing tc t~1f: speclncatifJ:": nf the rr.e:-:101-y- card, a:n:d ~1:":Ve :":t !eor,t tvvo grcund pi:n:s :":1:d o o:LirnHty 

of lnp::'~ pi;;s, e1;;d lhe :11;..=,;~1cry cc1:d h,1s hvG d~c1:1;;t;!s. Gne Gf thP- 9r{:u:1d pi::s Is L:s~d ;'.':S r.1 !";{:tr:rr:c1;;d pin the1:. r.1ccep~:~ ~ c:;..1;~1;~1Qnd. e1r:d whH1 '~he ;~1~rr:Gry ce1rd h~s th;;..=,~ 

-:har:n-2:s, ,:11~:e of-::he g1·,:1und piri:: ar:d ,:11~:e of-::he ::1!ura:ity of ::n:put pins respec-:::ve!y ::11·,:1vide u ccrr:rr:.:F:c;. The u::-1T:IT:a:n:d p;p :s ;_jSed ~::; ar: ~-=ceptirig cor::r::and pi:n:, mid -::he 

(/~he:· ;..1;;t; of·:he p:u:,1!ity Gf i::pL:t pir:s i.s used r.1s c1 ckJck l:1pL:t pi;; fer rw;eii.1i::9 e1 ckx:k sig:1Q! :equi;;..=,d IG ext:'c::'~e the cot::t::f!:1d 

(Exam ale) 

:;~:e :n:cve! rr:ei~:1,:1iy card ,:1ftho:: pres-21~:t invo::Pt1on 3,:t;v3tes one er moi·-2 darn trnr:sP~:1ssi,:11~: / 1·0::cepticri ch3r:no::!s iri respcnse-::o 3 ,:01T:IT:a:n:d ii~:put trorn-::he h•:1::t, Grid 

pe:'fot·::1s ;__fa:.Q 1rn:1srr:i.ss:{:n / re;..;t;pllo:: 1Ni·:h '~he f;cs-: ·:hm::gh ~wJ~ Q<..:ti,1c1~ed d~·:;'.': trnn.sr~;lssior: / r~ceptk1:1 chf!n:1~!. /-\s e1 rt:'s::h, ,1 p!u;e1:i1y ;..1f ir:s-::w/~i{:n.s C;'.':n b~ 

proce:.:sed ;;t Gne 1i:11e by •J:;e merr:oy e:;::rd, and the data proce:.:sing efflci;..=,:;cy :s greatly irr:p:cved. 

1 is" block di3grnm ,:,f" twc-chacnel IT,encory card 100 ,;cccrding tc, a prefwred embodimff,t of the pre sen, invec,icn, Figuce '.'is,; timing d1agr3nc fer expl3in;pg ,he ,v;o­

che1r:ne: :11u:n-~c:G~SS \.1PH8il!"):'! efthe rr:P.::10:y cr.1:d ·wo .shGw:1 In F!G .. 

n;t; p!u;e1:ily ;__1f ir:pu: pin.s ·17-D c1:·e rfofo~ed w;c:;..1:·di;;g ·::J 8 .spP.c:ifa.'.,1!10:: ;__1f e1 rr:P.::10:y cr.1:d, for ex,1:np:e, ''~A:j:tiMedl,1G,1:d ~;pedFi:;8tk1:1 Vt:':Si{:n ~~. 0 , f!:1d Gne e:· :1i;._1;;..=, 

:nstr:Jctic:1:.: frGm the tw:.:t th:Gugh ::;;eh cf the pi::s 1 C:1-11 J denned ::i•:e:ordir:9 t•J the sp.::ciftc::it:Gn. /.\ccept da-ta with -:he :71>:mrxy oJ:;tr•JBer 1~10 ;;e:·tiv::it.::s cr:e Gr twc 

data -:::,a:n:s:nissicn / :ecep-::icr. cha:n:r.e:s in :·f:spo:n:sf: tn o co1:-:1:-:and in~-Jlit fro1:-: the in~-Jlit pi:n:s 17.0, a:-:c: perto:--11:s data t1·t:nsr.':ir,:;io:n: / recf:ptlnn 'Nlth -::he ~1ost th:\1:Jgh thf: 

;::ct:,,rated dia::r:eL The 111::rr;Gry coe: HQ is c0::ft9u~ed Gf a f:a.sh merr:oy tG store d;;t;; trnnsr::i.ssicr: / rec.::pti0:: re.suits pe~forr::ed by the memory -:.;GntrG!!er 130. 

T:":e :n:1err.fJ:'Y eord ·i QQ hav:1:g sud: a c•.Y:fig:_i:--o-::icn :-nay a:so pe:·fcr:n:1 data t1·t:1:s:n:1ir,:;io:n: rv:c: :'eceot:01: th:--o:_igh fJ:-:e cha:-:1:e: aceordir.[-1 to a cc:n:n:v:lcatifJ:I 1:-:ethod 

defF;ed in t~1e rner::crJ card sp.::e:iftc;;t1Gn, ;;r;d ·th:0:..;gh tv10 c~1;;r;ne!s while bei:;g ccr::pat:ti!e 1.-1.-·1th ·the existi:19 rnemcr1 •:ard speci·f:c::it:Gn. Da-ta tran.srr;1ss:•JP a::d 

rec-2pt1on r::ay be po::1·forrr:ed s:r::uH~Peo:..;sly . .4s u result, wi~:1!e S;_jpportmg 3j; e>:isting rr:-21~:1c,1·y c3rd ::pecifo:a-:::cr:s, it i:: possible tc ::11·,:1vide u m:..;!ti-~cces:: functicri 

~f;ro:_;gh t::L:hi-<.J1~nne:s, ~h~mby ir~;pr!Ni:1g co::1::1L:nic,11:on eff:c:en;..;y ef the r~;P.:n:J:y ;__;r,1rd ·um. Here, lhe d;r.1n:1e! r~fHs ·:o 8 :.fatr.1 ·::,1:1s:11i:~s:en / :·ect:'fJ:ion d:,1:1t~el which 

is coi~:1:x,sed of oi~:e ccrr:m~i-:c; !in-2 and crio:: or more d~t~ !:r:e:: a:n:d po::rfoi·ms an cpH~t1on su-:h 33 wr:-:::r:9 ! re~c;1ng s~tistyirig a r::emory :::3rd specifi,:utio:n:. 

Fl:r,t the co1:fig:_i:--o-::icn t:f t:":e ino:Jt pins t:ccordin9 tt: the rr.e:-:101-y- card :;peClf:ca-::ior. (fer exan1p:e, the MMC ct:1Y.: spef..lficatifJ:":) and -::he cnnllgurntl•.Y: nf the 1:-:plit pir.r, 1 :?.O 

QCC{:rdi:1g tG ·:he p;;..=,:~f:::'~ i:wentie:1 '✓,ti!: be dew;:ibed bP.k:1N. 
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W': M'rlim:- 4.0 ~I l\hl 2--ililwJ M\C Mre 
&:: 

N:m'E 1~ Ctscrip:ioo ~ 1JIP2 I.)m'itfun N:ln'E T~ Ltscrip:im 

1 L./\.13 Lk:l/PP Cata .~0 
:"'--,;:__) I GJip sele:"-'.t '·DAT3 Itv'.FP D'.il:a 

(c11mm:dl ComrrudJ/ 
2 CTu'.D IO L1 I Dia In ChU) D 

Fesporre fos~nrnel 

3 \rn:t s llourd \~B:l r< Gmurd \13_) s Gmurd :-:i 

4 \i[D s Pow:r \{D 0. 
POWE.I'. \tD '"' Pow~r 0 0 

s GK I :Jock GK r Occk l1JC l Clod: 

G:mmrd2/ 
6 '~§2 ('. Gourri \332 ('· Crourd (1'1[)1 n u '-'' 

Re.;r.ome:2 

7 fi\JD I!OtPP Lata m 0 Dia Out DATO It{FP frd:a 

8 u:n lK)IFP Ct1h N:)t IJ300 ClA:11 ltVPP Data 

g LA]2 Y(Vl'T llita ttlt u;;ed DlfI2 lu'/11n 
I .'ll .... ud:a 

ID fATii l/Cv'.fT llita th t.5ed Dft:Fl Iu,_~:in 
l -'..tl" Ct:Jta 

11 CATS !((\!pp, 
. ) ... _.,, . - [ht:i. N:Jt lBl'f,J DA15 1A)1W Da.ta 

12 tarn Lt/PP Cata HJt LBed DA1t3 lJlVPP Cma 

1B D'.\.17 l{',,rpp· ·' ,A. D:it.a fot IEEd DATT Ii\)''.FP D:ita 

Referrir:9 t•J ["r;::b!-e 11. t~V:- rnerr:cry card 1 DD ae:ccrdi119 tG fr1e p~,e:.:er:t i1r,,rer:1ic11 rr;ay :r;e::ud-e a ground pin VS52 j;; addi1i,:..-i;; to a c•Ji7V7lorJd pi;1 U;ere:r:af1er, referred le QS 3 

tirst -:i:::•P-:P-:and pii-:) c;etir:ed 1n a ,:::c,nvei~:tiona: m-2P-:ory c::Fd spec{1c3-::icn. By defv:1ng it ~s 3 m::v: p:r:, ycu -::an a,:cep-:: tw•:::1 cotT:tT:and:: trorn the h•:::1::t a-:: -::he ::a me tim-2. The 

;;um bet· c:f s:_;ch c:hQr:neb ,1r1d the (fofo:itio;; !"Jf lhe i;;pul pir:s ·! 7-D f!:·e dt:IP-rrnir:ed '✓,the:1 thP- he.s:. lni'~icd:1-es :.hf: t::ern;._1:y C;'.':t·d 1 CJO, find :_f;t; £ffOL:nd pir1 v~;~;/.. depP-r1ds or: 

whethH ti~:e hcst ~ses ~ sing;e ch::mne: ,:y tvvo ch::mne:s. ) !s d-2tHi-nined tc bo:: dedi-:::ated tc th-2 sec,:::11~:c; ccrr.rr.arid p:r:. 

Fer e.<a:---:1p!e, wt:en -::he :~:lf:n:txy ct:1·d 1 :JO u:,es cnf: da-::a tran:,1:~:1ssio1:; 1·f:ceptifJ:I channf:!, thf: 11:e:---:1ory ca:T! ! C:O '.~ses •,Y:e bit fJf CC!ll:ll:a:---:d !:ne CMG ar.d f:igh-:: bit:, ef da-::o 

:ir1e 0/},ro-? r.l!xe:·di;;g IG ·:he existi;;g rnet::c:ry c,1rd sp~cifice1:.:cn. Df{~;'.': 1rnn.sr~;lss:or: ~r:d ;ecP.fl~ic:n of·:, 1~, Gr 13 bits Is perfen::ed !r1 iidd::_:!rn, when th~ rnet::ery c~rd -: oci 

;;ses be-th d3,3 trnno1T,iss;c,n / recepti,:,;-, ch3n;-,els, a ,ornl ,:,f 2 bi, co'Ti;-n,;nd :ines CMDO 3nd GMD, CJnd 8 b;, ,Juta :ines DA.TQ-3 e3;-,,1 DAT 4-7 n,sy be coed. Th~1·efo1·e, d3,CJ 

·:r~r:s:11:ssk1:1 r.1r1d re;_-:~pil:"Jr: ef 1 er 4 bits Qrt: si:·nu:tr.1nec:L:.s!y perfe:n:ed using·: bit co;~,r~;r.1nd !:;;t; ;'.':r:d ~~ bi'~ dc11c1 !ir:e :r: lwe ch~r:r:e:s. ,\: H:is nrr:f:, :~ir1c:e (fal,1 '~r;'.':r:s;~1:ssk1;; 

3nd r.::-e:eplic:1 perfGF7lf:-d :n .::-a:::::h dianr:e! are a!; performed a;_-:c0rdir:g t;._1 t~;e ccrr.:11~i;;1:::::31ic:1 rr;eth0d d,ef;r;ed i:1 the tT:e:1i;_vy :::::3rd .spe:::::if1•:ati0r:, a si:19!e tT:e:1i;_vy :::::ard 1 OG 

s::~:l'.~!tanecu:,!y f::<ec:Jtf:s a o:LiraHty ef co:---:1tT:and:; as :fa p!wa:lty cf :nf:1·-r:(!IY ca:--:-fa a:--e GON:":tlng at thf: sorr.e t:1·-r:e, YG:J ca:---: rfo It 
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The ;·,iemory c,:,pt1·,:,:ier ,30 p·,uy ;;·,elude un intefoce unit 1.c:o for div;,Jing 3 plurality ot cennnn;;;-,,Js inp;;t f;·,:,;-,1 the inp;;t pies 120 tor eae:·, channel, crnd multi-;;ccessed tc 

~f;t; hc:st ~h;;._1:_;gh ~ p!um!:'~y c.f ch;'.':n:1~!s, :_f;t:rP-by prGvidi;;g ef!c:f; eot::t::f!nd Ar:d fo·s1 c1:1d sec:o;;d cc:ntrc:HHs ·i 50 Qr:d ·i co f;._1:· wrill::9; t·ecid:r:g dc11c1 :n ·:he :·ner~;cry c:;._1:·e ·: 8D 

;;e:ccrdi:19 tG fr1e ,:.::orr;rr;and. n1>: ir:terface unit 14D indudes a •Jr;e ch;;r;ne! :r;terf;;ce u:1:t 142 a:1d a ·tv,1.;J ch;::r:n-e! ir:terfac-e uni11i!.i!. 

When the nnennocy c3rd 1 QQ is used 3S a , -e:·,uncel p·,emory cm,:!, the : -channel intwfsce unit 1.c:2 transfers comm3nds and d;;t;; input from th~ input p;ps , 20 mto a 1 -::,1t 

cGrnrn~r:d Hr1e C:~v~D find r.1n E-b:~ dr.11,1 :i:1~. ·:·he cGrr:rn~::d Hne C~v~D ;'.':nd :_f;t; dc118 Hne 1n~nBr~;il ~ reBprrnse :~ig::81 r.1r1d tfa~e1 gP.::e:·c11ed fro;~, thf: first ;..-:GnlrG! ::r:it 15D by :_f;P. 

•:rxnrnar:d tri t~;e ·f:rs1 -:..-:•Jr;tr•J! ~mil 1 -':,G thrrxigh D_.o,ro-l_ Perf•J~:1r:.: a f:..;r:ct:or; ohrar:s111:tt::;g to the :r;p:Jt pi:1:.: 12.U HFcugh (Di~ 1"0-1). The fF.st contro!!e~ 1 SD performs .:.fat::i 

t:-a:-:s-n1:s:,lon and recepti(V: nf 1. f..:., or 8 ~Jit:; witt: the hfJ:,t thl\!Ligh the l!l:e c~1:":11ne! :1:te:taee :v:lt 1 •~2, and stfJ:"e:; the datt: t1·a11sr.":i:,s-:or. a:-:c: :'ece~-Jtil!ll :--es:J!t in ~he 1:-:en10:y 

CC'€ ::31J. 

;p additi•:11\ \<Vher: the rnernor;r-:urd 1 C:C: is :..;sec! as~ twc-ci-:unne! p~:elT:ory c~rc;, ~he two-ch~Pne: ii-:terfoce uriit 144 divides ti~:e ccmm~Pd 3r:d ,:fotu :r:put frcm ti~:e :r:put 

~-)Ins "!?..G h!r e3c~1 ch3r.nf:! 3r,d dlvidf:S- ~he d:v:rk:d GOr.":r.":and and data by ·1 bit The f:1·:;t CCr.":r.":and !:r.e CMDO :":1:d CMD1 ar.d t~1f: .~ -bit dat:": Hr.e:; Df.\T0-3 and D.4Tf..:.-7 are 

·trar:s:ntt-ed tG ·the fF.st e:or:tro:!-er: SD 3nd t~;e se-:..-:ond cr1:1t:rd!er l 5U, respe-:..-:t:ve!y. rh.::- flrs·t and secr1:1d e:or:1ro!!-er:.: 15U ::;:;d 16U tra:1:.:mit 3 re.spGnse sigm=d and .:.fat::i to be 

~:--ar:s:n:ttN:! tn ~he ~R!S-t ~h:--o:..igh t~1f: ccr.":rr.and Hr.e:; CMDQ and CMO 1 and the data !iner, D.4TQ-3 ar:d DAT4-7. Sy tron:,1:-:1tt111g ~c thf: ehannf:! :nte:·farx: :..ir:it ·1 f..:.f..:., 

;~spect:-..,e!y. th-e t'✓,:"C:-cf;;rn:-1e! lnlP-:"fr.1ee u;;fl ·11..:.1~ tn~:i:~rr:ils respGnse :~igr:flk~ ~r:d dQtr,1 :r:put f:·en: th~ fl:-s'~ f!:1d sec:;__1;;d :;c:r:tt·c:! :_;r:ils 1sc1 r.1:-1d 16Cl :.G lhe h;._1.s: .. A:. thisti:·n~. 

t:·,e ,we command :mes CMDO ;;pd CMD: sh3ce ,:.ne e:c,ck l;ne CLK tc perfocnn ;fotu cransmssien m,d ree~pt1on cf 1 ,:,;- 4 birn, and th~ darn cr3ns;·:7;ssio;·, and cecep,ion 

:-es~dts ;'.':t·e :~tGmd :n th~ met::c:ry <.XJ:"e -: HCl 

R.~fHr:r:g ·:o He;.~'-, wh~n ·:he f;Gsl perfrJ:":"flS ci;; Gpet·;'.':tie:1 Gf m,1din9 (fal,1 frGm ·:he ;~1~rr:Gry c:e1rd ·! DD 1,,vhi!e i.'\1:-1·::r:9 ;__fa:.r.1 l:J ·:he ;~1~rr:Gry c:e1rd ·! DD, th~ w:'ite <.XJ::1::1;'.':r:d QrJd 

t:·,e re3d COIT:IT,acd nn;;y be connected ,o ,he f;1·st command line CMDO. ,:·,e fast c,:,pt1·,:,I unit 1 50 and the sec,:,pd centre I uni, , GO ;;re resp~ctive:y trans1':",1tted ,hrough t:·,e 

s-ecG:"1d c;._1;~1;~1r.1wJ !i;;t; GM!Y:. 1:;'.':ch mspc:n.st: sig;;r,1! 9e;;H8IP.d from the Drsl ~r:C: .sw;c:nd cG:-r::-G!:e:·s ·! SD find·: 6D i.s trQnst::i11ed to ,1 hc:st th;o:_;gh ·:he r:r.s:. eo::it::f!nd i:r:e 

C~✓lDG 3r:d t~k se-:..-:or;d cc:1v11::;:;d !in-e C~i~D1, resp.::-ctiv-ely. D::it::i to be vvritten to the rr;ernory -:..-:ard 1 LlU ::;:;d d3ta :e;;d frorr; the me:7KW{ ca:d 1 GD 3re tra:1:.:mi·tted a:vj 

:--ecf:lved tt:1·0Ligh ~he 1..:--bi~ data :Ines D.4.TQ-3 ar:d DAT4· 7, :'eSpf:ctlve:y .. 4r, a :--es:J!t, ~he f:1·:,t and r,f:eor:d f,l!lltl\!!lers ·i 50 or.d ·i 60 r:1oy be rr.u!t:-accf::;sed \.v:~h thf: hos~ 

t~;r•J:)gh tw-:..1 ch3r::1ds le p.::-rfo~tr: :r;depe:vJen·t data t:a:;srn:s.s:fJn and r.::-e:epti-:..111 f•Jr each •:har:r:eL a:vJ Gne m,e:7KW{ ca:d 1 GD ::13y ir:ck:de al !.::-ast tw•J ·r he c1t.1•Ji.1e fun-:..-:t:Gns 

can b~ perfo1T.-,ed s;;·,1;;ltaneeusly. 

:--:e:,e. t~1f: :r:~erface Lin:~ : 4Q 1:-:ay ~Jf: ccr.fl9'.il"f:d os a chan:-:el rr.u!t:p!exf:1· e:rcuit tt:at pertnn1:s sign a: :,e!ecti•,Y: h!r eoc~1 chor.nf:L The :11te:--faee :v:lt 1 ~~e: :nay be s-eparate:y 

•:Gn·f:gu:ed a:::::c-:..Fd::;g to the :;umber cf c~1;;nne!.s, su•:h 3S t~;e or:e-•:har:r:e! ir:terface un:·t 142 ;;rid the tvvo-ch::;:;r;e: j:;t.::-rfa•:e un:t 144. -:..v 171;;y be e:or:ftgu~-ed as •J:;e ci:.;_-::)1t to 

interfoce tc ;:ic,th or:e ~Pd -::\1110 ch3r:ne!s. "r'ou c3r: ~!so do ;p additi•:11\ s,:1ftware tT:ay pertorrr: 3r: iPterfoce for dat~ ti-~Psrn:s::ior: arid recepti•:1P of or:e -:har:r:e; or twc 

che1r:ne:s 

-:: is" block diagrn,n ;_1: a three ccba~nel memory rnrd 2Llll ;;cccrding w a prefe,red embodi,ner;t of the preBen·t imre~ticn. Referr;r,g to HG. 3, ·the ,ner,,ory co,d 21JQ may 

~!sc trnri::rr:i-:: 3r:d i·eceive data thi-o:..iqh or:e -:har:ne; acc,:11·ding ~o 3 comm:..;r:i,:utior: rr.eth•:11::; define1::; :r: the cor:vo::ntior:a! p~:emory ,:m-1::; spe-:1tkatioi\ and p~:ay ;:10:: twc ,:11· 

::K:t·e whi!-e being C!"J:"f1p;'.':1ibl~ w:tf; thf: exls'~ir:g r~;Hr::J:"1/ CQrd spedFi:;81i-:..1;;, Dr.1tr.1 ·::-~r:s:·n:ssie:1 r.1wJ t·ec~pti!"J:"1 lhr{:ugf; thme cf;r,1n:-1e!.s m~y bf: pe:'fot·::1ed :~i:"f1:j:18n-eGus!y. 

CfJ:n~-)ared ~o the 1:-:en10:--y f_.arc: 1 QC: ::!:..istroted 111 FIG. 2, the rr.e:-no:y ca:-d ?..GG :ibs-trated in r-!G. 3 hrF, a different cnnf:gwati•,Y: of the !:-:put p:r.r, :?.:?a and the r.":G:flfJ:·y 

ce:1t:d:P.:- 7-::o for 1rnn.sr~;11n:-1g c1:1d rw;ei-..,:r:9 ;__fa:.Q fr;r thrP-e cf;r,1n:-1e!.s. D:.f;t::- drc:u:t eor:figu;Q:_:l'rns e1;,e thP- se1;~1t: ;'.':S th~ met::ery c~:-d-: oci Gf i=!G. 7- excep11hc1t th~ lh:"ee­

ch~Pne: iPterfoce uriit 246 arid the ~hird ,:c,ntro! unit 270 3re fur~her wov:ded ti~:ere:r:. :i-:erefore, d:..ip!:cate desci·i::1tions vvi:! ;:1e orn:ted fer s1mp:icity. 

hf£ M:nf~ tO) 9'I Mrl2 3-ChmEl M.t: M_)E 
Pi 

.,, 
JL, 

Nlre '1'yt£ £e.crit1im }me TnE Dt!~rr N:UE Type ~ 

1 C\4.T3 Lt/PP [ta.ta ,,_~ 
1'•.._..,__"")' Olip.sele:J D ..... .,....') .f..._l:.) LO/PP Data 

"! 
£. CiVD If~ ,., 

Cbmmn:Y 
DI Ll:lta In CJVJDJ IO 

CrnnnmdD/ 

Respon.c:-e Re-.:;;:01ra:iJ 

3 \·§I s Grourri \.SSl ,~ Ground \t§, ,~ G1,:..-iund ;:::, ;:;, 

4 VDD ' Po\\Bf \DD .- Powff VDD .- Power ~-";, ::-:- ::1 

5 CIJ{ ,:Jeck ,ax Occk ,CIY,O Clo.~~ 
: : 

Con1r11od1/ 
6 "\~2 S, CiOLmJ \IT-.2 " Ground C!v[Jl IO ;:_~ 

Re.swmel. 

7 Cll\TO IAJ/PP run DJ 0 Sma Out DATO I.ti/pp Data 

B [li\Tl IiC/PP fota. tbt I.Bed DA.:Tl LtvPP DaLa 
Q f)ll.T) T/CVJ:.,'P r};it;:1 i ~J,t. !teem I nttr;, ffi/PP r\:;t;;i 
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H;t u;e:l 

hbt tmJ 

C::mrrm,2,/ 
CIVU21DAT5 LO/PF 

Res p:rmi::2 

DP~T6 L(l/PF Data 

L{)/l?P Data 

Rf:fo1Ti1:g ~o [Tt:b!e 21, ~he :nf:1·-r:C!IY ca:-d 7.00 accn1Y:ing tc t~1f: p:--ese:~:t in'lf:1:tlnn i:1,:J:..1de:, a cc:n:na1:d p:n J1f:rei~ah:er, refe:Ted ~o ,:1:, a Tirst Cl!ll:11:a~d 0:1:} def:r.f:d i~ an 

ex1s·t:r:9 ;71>:mrxy c;;rd spec:lka1ic11 (f.:..F -ex;:,:rr:p!-e, r,m,,.~c c::i~d spec:ne:;::ticn). 8y defi1i:r1g the gr•Jund pi11 \.'SS2 as the sec-:..1;;rJ ccrr:rr:cF1d pir:, 1t :s possi~Jie ·to s:rr;u!tar:e-:..1u:.:!y 

3ccep, ,wo comm3nds fr,:,n-, the hes,. In add;t1on, the titth data i:,;n Gft.T 4 2, o ;s def1;-,ed as the s~cond c:c,ck ;nput pin GLK1 EJmong th~ eight d,;,,; pins 201 and 207 -2, 3, 

QrJd H:e :~ix1h dQtr,1 p:r: :)/},r5 ?·: ·! :s r.1 lhit·d co;~,r~;;rnd. [8ch pin (C:MD/..) is rfofo:ed tG ~:k1i.'\1 H:t·ee C!"Jrflrfl;'.':nd.s tG be e1ceep1ed sit::L:he1;;wJ:js!y fmrr: ·:he hos I. :n e1ddillo:: Le 

t:~,e e>:;sticg fvs, clcc, icput p;n CU(,;;;-, additio;-,ill s~cond c:c,ck ;;-,put pin GLK1 Is d~f;ned tc p;-ovide ,;n ind~i:,endent ;pterhce tc the third co;-,7;-,1,;nd us;ng ,he oeccnd 

..-.lock. 

n;t: ::L:rnb~r cf s::c:h ch;'.':nnels c1:1d thP- def:r:illo:: ;Jf1he i::pL:1 p:r:s ~:~:Ci r.1rf: dete;:11:;;wJ 1,,vhP-r1 the hGs-: in::.:r.1!:l.~s H:e ;~1Hr:rJry CQrd :-?DD, r.1wJ H:e ground pi:i:~ depe;;d rJ:: 

wheth-21· ti~:e hcst ~ses ~ sing;e ch::mne: ,:y tvvo or-::hree ch3r-:n-2!s. !tis detei·rr.ii-:ed wi-:ether er not VSS2 mid -::he ::ixth ~Pd frhh data pins DATS ~Pd :Jfa.T4 are dedicat-2d to 

·:he :~P.r;c:nd r.1wJ '~hi:·d cGrr:rn~::d p:r:s c1:1d thP- c:k.:ck i;;pul pin, rP-spectllre!y. 

:=Gr P.xe1;~1p!P., i.'\1he:1 :_f;t; ::1erne:·y G;'.':t"d ~:Clo uses Gne tfate1 trnnst::i.ssion; t·ec~ptl!°Jr1 d1r.1nr1e!, ~ -:-b::. <.XJ::1::1;'.':tKi n::e (C~v~D} ~::d e1r: 13-bit ;__fa:.Q !:ne (0,1.rci-i) r.1m ::sed ~cco;d:r:g 

t•:1 a ccriver:ticri~! rnerr.cr; card s::1ecif1•:~t1on. 1, 4, oi· 8 bi-::s of -:fotu transrr.i::s:cn ~Pd rec-2pt1on. !n udd:-:::cn, vvho::P -::he m-2P-:ory c::Fd 200 L:so::s -::wo 1Jata -::r3r-:si-nissioi~: / 

:Y:cepticn chor.nf:!s. 01:e cf-::he tvvo c-:vn:-nt:1:d Hnf:S CM:JO ond CM!J'! t:as o data :iw: nf :..1p tc <0 bi-::s and pertnn1:s Gnf: f:i1:c-::icr. \.Vhik: the cthe:· .4no:-Jt~1f:r flinc-::icn can be 

performed :.:imLl:taneous!y usi:19 the c-:..117v71;;nd !i:1>: CMD2 ar:d a data !i:;e, of :..;p 1-:..1 2 bits, and e;;ch cf1he t'NO c•J:71rr;and !::;es C~viDQ and CMD1 ~;as a data :i:1>: of 4 b:t.s 

3nd has tw,:. functicno. ':'cu rnn a loo do thio m ,he oame tim~. When the menncrJ card 200 uses EJII th 0ee darn transI,,-,Iss;,:,n / I·eception channels, ",om: of thc~e bi, 

cGrnrn~nd Hr1es CMOO, CMD1, ;'.':nd C:MO/.. e1r:d six bi'~ tfate1 li::e.s DAru-·!. 0/-\-:-/..-J, Since DA':'6-"J} u~n bt: ::sed, dc1te1 :_;Qr:s::1is:~irJ:: c1:1d rw;ept:or: rJf rJ::e o; :."N!"J bit.s 8rf: 

oimclt3neously performed uoing cne ccnnnn3n;:I line m,d ,w,:, bi,s cf d,;,,; lin~o in thc~e ch3n;-,els, respectively. .4t thio time, since the d;;,;; tI·,;nsmisoioc ;;;-,,:; recep,;,:,n 

~-)e:to1·:-nf:d ir. f:ach ct:an:n:e! are on pe:ch!ri:-:ed oc..-.l.llY:i:n:g tc t~1f: ccrr.rr.un:cmicn :-nethnd defo-:ed in tt:e ex:s-::i:n:g :w:1:-:n1y ca:·d spec:fico-::icn, e'H:n or.e 1:-:en10:--y -:-..arc: :?00 -:-.t:n 

have the :.:ame effe,_·t as cp.::rat1ng a p!Llra:ity of merr:cr; cards at t~;e sa:11.:: time. Ca:1 be. 

Referring,,:, FIG. 4, the host v;rItes d,;,,; to ,he mff,-,,:.ry c;;;·d 200 ,hrough ,:-,e fast c,:,1,,-,1,,-,ilnd l;ne CMGO 3nd the sewnd ccmm;;;-,,:; lin~ CMD1, respectiv~:,, acd th~ 

;~1Hr:rJry th:·eugf; lhe 1hi:·d cGrnrn~nd Hr1e C:MD/... Wh~r: lhe th:·e~ !"Jperfe1k1:i:~ of refed:;;g rfo'~fe frc:t:: the G;'.':t"d ~'.ClO 8rf: pe;fr:r::1ed Qt Grice, lhe wrltt: ce:·n:11e1r:d is pt:rfor:11~d 

ti~:1·,:1~qh-::he fo·::t corr:rr:and !:r:e CMDC: ::md-::he second ,:ornmar:d !111e CMD1, 1·-2::pective:y. The ,:ommar:d is-::rar:smitt-21::; to-::he ,:i:::,ptro!!er 260, 3nd ti~:e read ,:ornrnar:d is 

t:·a:-:sn1i-::-::ed tc t~1f: third co1:t1·o;!er 27Q tt:1·0Ligh -::he t~1i1Y! ccrr:rr:and !:r.e CMD2. Each :e:;pnnse sigr.a; ger.e:atN:! f1\!1:-: the fl:r,t t:nd Sf:cnnd c•,Y:t:·-:-Jne:--s 25Q a:n:d 26Q is 

·tra~s;n;tced to a :i;,1,,t through the lirs·t cc;1v11c1r;d li;k GMDO and the sew;1;J eomma;1;J l:~e C:M[:', respecc,;vely. r:k respc;E'e s;gr;al ge;,erated from the tbird cc;1,rcl:er 

270 :s -:::--ar.r,:-nittfa! to -::he t:(!St -::h:--o:..:gh t~1f: third c•,Yn1:-:and k:e CMD7.. S:..:br,fa:uer.t!y ,:J:-:t:": tn be \.v:·i-::te:n: tc thf: 11:e:n:1cr/ ca:T! :?C:O :s -:::--ar.r,fo:·:ed h! the fl:r,t and SN':tlnd 

cGrr:rG!:e:·s :.?SD fend 26D '~ht"OL:gh :.i.'\10-bit :.fatr.1 lines :),l\"ID-·i c1:1d DAf':.?-3. :·e:~pP.c1ivP-!y, fend f;;._1;~1 :.hf: t::en:;..1:y G;'.':rd ~'.ClO. ·rhe :·eQd rfo'~;'.': ::~ lr,1r1sfo:red to thf: he.s:. :_f;rough fe ".?­

;:11t d3rn line (:Jfa.TS ·7). As :3 resL:!t, the first to ti~:1rd ccntrc!!ers 250 t•:1 270 are i-m.dti ·3C•:ess-21::; \111ith ti~:e hcst ti~:1·,:1~qh -::hree char.n-2;s, ~Pd -::h:..;s car: ii~:1Jepend-2Pt!y trnri::rni-:: 

;'.':tKi r~eeivP- dfe1ci fo:· er.1eh d;,1r1::e! 

:r: lhe e1bcve, thP- c:;..1;;f1g:jr~·:ic:n Qr:d ope:·e1t:or: rJf ;'.': n:e;~1ory cci:·d f;r,1,d:1g t'✓,tc: ;..1; th;et: d:e1;;r:P.:s, fr;r P.xc1;~1p!P., Q rr:e::K:t-y c,1rd hc1vir1g e1 r~;u!·:i-c:hQr:ne!, h~\1~ bee:1 (fosc;ibHJ. 

~c'vvevei·, -::his 1s cri;y ari examp;e. The present ;pveriti•:1P can u!sc tio:: applied -::o cthei· 1~:1ernory c~1·ds :..;s;pg -::he m-21~:-:0I)'. 

:~efon-ing to i=!G. 5, th~ rne'~h{:d fe:· ;..-:cr:trcl!:ng r.1 rn:j:1i-;..-:h,1r1::e! rr:P.::10:y cr.1rd ;'.':c:;..-:crdlng h: the prP.se:1t ln,1e;;:_:l'rn fo·s1 de:.Hr~;lnes i.'\1hether :_f;t; ::1en:e:·y G;'.':t"d i:~ ~ first type 

::1err:-:..Fy t:3rd .;.F a sec-:..1:;d type rr;emory-:..-:ard (s·tep 300) Here, the f;r:.:t rx se-:..-:or;d ·type Gf merr:cry card is a ::1err:cry t:3rd 1Ni th a fl;;sh rr:e:7vJry. :.:u:::::h a:.: ar. MMC: -:..-:ard 3r,d 

on SD ca:TL 

:f i1 ::~ de1e:n:i:1~d in :~tt:p :ioo thr.1t thP- t::e:11-J;y r;md :s ·:he fo.s:. type of ;~1~rr:Gry CQrd (t:g. MMC: c,1rd}, it :s dete:n:i;;HJ wf;t:lhet· '~o u.st: ·:he :11uHl-r;hc1:1;;t;! (step :r! D). :f i1 ::~ 

deter:1i:;;e,d in step ~11 Cl t~;at the rr:ult:-e:hatv1d is not :..;sed, cne-ch3r.ne! d3ta tra:1:.:miss:on 3r,d r.::ceplic:1 spec:ned i:1 t~;e, spec:·f:cat:or; ohhe fF.st type •A 171>:rr;rxy c;;rd is 

pe:for:n:1ed (r,tf:p 3:?C:). Fo:· f:xorr.ph-:, whe:n: thf: fi:·s-::-::ypf: nf n1err:Gr/ ca:--d ir, an MMC ca1·d, doto t:a:-:sn1is:,lnn ond 1·f:ceptl-:-Jn nf 1, <c, o:--8 ~Jit:; supool"ted bythf: spe-:-.:ficoti-:-Jn 

•A t~;e, MMC card 1s perfcrrr:ed, 

Ii it;,, deter;ni;krJ :n ,,ten 3, ll ,:v,t tbe mul,;,chamel :s tc, be UBerJ. the number c1i d1a~ne:s :s rJe·term:ned (,,ten 3c1Cl), and the e0mmand li~e ;;rid data :1ne c1re set 

occ(!rt!ing tc t~1f: n:..:rr:be:· of cha:n:nf:;s dete:·:n:1:ed in step 33Q (:;tep :34QL Tt:en. t:f!N t!ete:cn1ir.ln9 the r.u:n~Jf:r nf bi-::s o:-Jf data -::o be t:·a:-:sn1i-::-::ed a:-:t! :·ece:ved fc: f:ach 

,_-har.neL data tr;;r;s::1is:.:ior: a:;d recept:•JP for e3c~1 e:hatv1d is perfor:71e,d (step 3SG). !r: 1hi:.: :::::as>:, i.-1;her: perfcrrr:i:19 da-ta 1ran.srr;1ss:•JP ar:d re,_·ep·t:cr. t~v-:..1:_:gh ·t\111-:..1 ch3r.ne!s, 

each chacne: perforn-,s d3t3 ,;·;;;~,smissIon 3n;:I recepti,:,;-, of 1 er 4 ::,Its, ;;;-,,:; when pe0iorming dEJtil cracsm;osicn m,d reception thrcugh three c:-,m,nels, , ;p eac:-, channel. 

,t\Het·::fe1ivP-:y, hvo bi·:s ;..1f ;__fa:.Q 1r,1r1sn:i:~si{:n Qr:d rec:ep:_:l'rn me pt:rfo;:11~d. 

c:n t~V:- o·ther ha:;d, if :t 1s deter:7i;r1ed i:; s·tep 30G tha-t the :71>:rr;rxy card is a sec-:..1:1d type •A rr;emory .;_-:;;rd (f•Jr exarr:p!e. a:; !3D card). :t 1s deter:71:r;ed i.-1;he·ther le :_:se the 

:-mi!ti -cha1:ne: (r,tf:p 3C,O). !f It :s dete:·:n:1:ed in step 36Q that -::he :n:ml-chon:-:e! i:, no-:: :..:sfa!, cnf:-chor.nf:! doto t:an:rn:isr,:nn ond 1·f:cepticn specified In the S(Jf:cif:cat:(!11 of 

·:he :~f:!";{:nd :.ype ;..1f :11~r~;Gry c:e1;d Is perfen::ed (:~tt:p :i?o}. :=er P.xc1:11p!P., i.'\1hen tht: se;..-:cwJ '~yp~ rJf rnet::{:ry c~rd i.s ,1r1 ~;D c:e1;d_ dfe1fe t:·ci:i:~rr:iss:l'rn fend r~eeplie:1 cf·!.~'., !"Jr f..:. 

bits s:.ippcr::ed tiy-::he ::pecifo:a-:::or. of tho:: SD c3rd ;::; pertormed. 

;f It is df:ten1:ined :1: steo 360-::hot the 1:-:uhi-c~1:":1:ne! :s ur,fa!, the 1:un1ber cf d:an:n:e!:; is deten1:i:n:ed (:,tf:p 380}, and-::he cnn1n1or.d nne a:-:t! do-::o !:ne a:e se-:: occnrdi:n:g tc 

·:he ;;urr:bet· {:f c:hQr:ne!s rfo·:et·::1ined I:: step :mD (step 3qD). -n:e;;, fefret· deter;~1:r:i::9 the rJ:j::Jbe:· ;..1f b:ts of dfetci to bf: '~t·;'.':ns;~11t:.HJ ;'.':nd ;eceivwJ frJr ecid: d:c1:1;;t;!, :.fat,1 
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•Jr;e bit •J:; e3c~1 e:hatv1d. !1 i.-1;i!! p.::rfor:11 data ·trar:s:11::.:sic:1 and rec.::pt1on cf e;;ch. 
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:J:-':it, and c•,Y:c:uc-::ors frcrr: th:: s:..:br,t:-at:: CO:-':lpcn::1:t e:-':ab!:ng pa:,s::-':g of:": seri:::; ot ek:ctrlt---:3! ~~JLi!se:, thl\!ugh the co:! t:J s:rr:u!tff: the ct:ang:r:r-1 :~nagnetic fie:d at tt:e read t:ead 

;..-:r-:ated by 

3. A rr:a~v;eti::::: st:ip-: :::::ard :.:im:.i:ati•J:; me3n.s a:::::c;..vd:r;u ·to e:t~1er Gne ;..1f dairr:s: ar:d 2 compr:s:r;u ·tY11c •Jr rr;c;re ccils 3nd whe:e:r; ea;..-:~; :::::ci! 1s i.-1;Gund s:)e:h that t~1>: magr:et:•: ·f:e!d 

prod:..:cfa! \ri;h::1: ar: ::!ectr:ca: p:..:!r,f: :s ~~)assed thl\!Ligh the co:! is su~J:;ta1T.::o!!y ca:~:ce:!fa! on 

t~. /), t::cig;;t;n:; st:·ip~ :;md :~i:"fl:j:citio;; me;'.':n-S 8U':;..1;d:r:g ·::J 8ff{ or:e e,f c!;'.':i:·n.s ·i '~o J, wher~ir1 the e,r t:~ch cGi:(s} i:~/e1;e weu:1d ,1r:J:jr:d e1 U-sh;'.':ped core e:·ier:twJ s;..1 tf;r,1t the hvo 

a ems of th~ core l;e 3bc,e and be:cw eac:-, othec pecp~;-,,:iicul,;1· ,c, the pl,;pe cf the substrate 

13. /), t::cig;;t;n:; st:·ip~ :;md :~i:"fl:j:citio;; sy:~tt:m ;'.':c:;..-:e,rdlr1g h: either or:e e,f c!f!i:·n:~ 6 find "i :;c:n:p:·i.slr1g hve, Gr m:Jre co:!s e1;;d wh~r~ir1 ee1ch c:;..1:! :s i.'\10::r:d :~:jd: th;:::_ thP- t::8g:1~nc fiekJ 

prod:__;ced Y11her; ar: e!ectr:cc1l p:__;!s-: :s passed through the co:! :s sut.1:.:tarrti3!!y cc1:;ce:!ed on e:t~;er side Gf the <x1:! :r: t~1>: p:an-: Gf the s:)bs·tra-te c.._-1:71poner:t tc :nr;imise adja;..-:errt 

chan:~:el 

cross,,;lk. 
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9. A r,--:,3g1~:etic stri::1,;: card ::im:.i:,3ti•:11~: sy::tem 3cu::-rc;1ng tc ~:my cri,;: of d,3;p-:s 5 tc 8, wi-:ere:r. tho;: or eaci-: coi!(s) is/ure w,:1;_jpd 3rcL:nd a U-sh,3p,;:d ccre ,:11·1err::ed so thm -::he tvvo 

8;:·nB !)f lh~ c:or~ !:e ;;:bG11e ;rnd be:cw er.1ch ethe; pt::p~::C:icu!;'.':t" '~c: the p!;'.':ne cf thf: subs Im IP- c:e:·npor:P.:r:. 

1 CJ_ .4 rr.,:191:etic :,t:-:~-£~ ca:d :;i:--·n: .. dat:01: systen1 ac-:.l.lllii:-"':g tc :":1:y fJ:lf: ot da:11:s 5 tfJ 9, '✓✓herein :mid (J:"fJ9:":":1·-r:1·-r:ab:e tf:st n1ean:; :s ~-):-091·t:11:11:ed tc f:1:e:·g:sf: the CfJ:!(s} ::n: a tf:s-:: 

:·eg:rr:f: c:;._1:·npr:s:::9 e1r:y e:1~ !):' mo:~ eL 

1? A rr:P.·:hod ;Jf Blrfl:j:c11k1;; Gf rn:"Jver~;t:rr: of~ :118gr:P.h--: :~tr:pP- c:e1;d p,1::/~ c1 ;er.1d hec1d, c:;._1:·np;:si::9 p;;y,.riding 81 !em;t Gr1e e:P.!"/~ric:c1: eoi! pGsitie:1~d ;'.':djc1cP.::'~ '~he r~wJ hec1d, f!:1d 

p,;ssing a se;·;~s cf elecceical puls~o ,hrough th~ ccil ,c, simulute ,he chacging magcetic tie Id ccemed by mcvement cf 3 n·,ugnetic sceipe cm-ci p3st th~ re3d h~ad. 

13_ A mefr1od ::i•:e:ording t•J e::a:;7112. vvherei;; s;::id r.::-ad he;;d is t~1>: read ~1>:ad cf a ;71;;gnetic :.:tr:pe c::ird reader u:11t a::d the e:e.;::t~i•:al c-:.1:!(s) is/;::re .;_;arr:ed by a sutistrnte 

,:i:::,p-:ponent of~ sirr.Hur siz,;: to;:: m~qpe-:::c ::t1·1pe c~i-d s:.ich ti-:ut the cod{s) vvd! be ::11:::,s:-:::cn-2c; adi~-:::en-::-::he 1·-2ud he~d wh-21-: the S;_jbs-::ra-::e c,:::11-n:x,ner:t is :r:sHted in-::o the 1·,;:uder 

:J~it 

d) v::i~:;;t:Gns :;; the nu;71~Jer of lead:ng and t~;;i!ir:g ,Jock pulses :r: t~1>: e:e-:..;t~:ca: pulses simL:!::it:r;u stcred card data, ar:d .::-) v;::riati•J;;s cf the ;;mp!:tude of the e!.::-e:·trica! pulse:.: tG 

vary the ~a~v:etic fif:!d stren~f~I Pl\!d:Jced by thf: eo:!(r,}, fortes-:: pU:p(J:,esc 

lkscripticr. 

The :1we:~:til!ll ccrr.o:·i:;es a 1·-r:agr:etif.. s-:::t'le f..arc! si:n:J:atior: rr.f::":ns, s-yr,tf:1·-r: ar:d :nf:tt:lX! :.isef:J: by :;nftvvore de;e!ope:,s in c:eve:npn1er.t cf :,l!f!vva:--e for 3fJ(J:":ratLis cpN:":ted 

by rnc19;;t;llc B:_;:pt: cc1:·dB ,1r1d i;;crJrp:Yff:ir:g Q rr:~gr:et:c ::/~ripe c,1rd t·ef!der uni'~, :~ud~ er~ re·:;'.':i! pGi::'~ c:f SQ!f: L:n::_:~. c1ppr.1r,11us UBt:d i:1 sec:u;i~y ~pp!:c~·:ic:r:s, ;'.':Ute:118~:c ·:e!!~r 

;·:1uchin~s or ATMs m,d cthec ,;pplice3,;c,ns in back;;·,g 3nd f;nance c,r simil,;1; 3'1d useful in ,es,;ng ,he p~1·fo,rr,3;·,ce er d~velop;ng ci such magn~t1c ce3;·d reader un;ts. 

8ACKGROU~;D 

~vi8g:1~ne strip~ !';;'.':rds r.1m ::c:vv i:: e-,.rety.fay UBt:. :~e'~f!nHs indudir:g cl! c:-:..1;~1pr.1nies lssu~ r;mds :.c their c:_;slGrnet·s 8:~ u·ed:~ c,1rds -:..1:· p;~fHr~d r;L:s~o;~1H G;'.':t·ds er sit::i!Qr. 

8;::r:k:.: ;::r:d f;r;anci::i! :r:st:t:)t:ons i:.:s:..;e :.:uch .;_;ards tc the:r e::..;stc:11er:.: as •:r.::-d:·t c::i~-:..L, deti1t cards and c::i~-:..L er:a~.Jiing u.se of /.",~-r,,.~s, ~1~agstripe cards ::i~e a:s.;_-1 cornmor:!y 

:_:;:,(:c: as :;ecurity cords lssufa! tn pe:S(J:~:S- -::o a!:nv,; aceer,:; ta bui:c:ings :":lld s::~n:!arc l:~:evita~J:y the Lise (Jf :~n:":gs-:::,ipe (.ards in voric:E app!:cm:or.;, wi!: ::--':c:"e:":S-8c 

/., ::J;'.':gs:_;:pt: cc1:·d :s '~yp:c~:!y ;'.': p!Qn~r p!c1:~ne c:cl;d erJ::ipt·is:r:g ;'.': s~; ip Gf rr:~gr:e~:c rnedicl wh:ch ;'.':C:ts ,1s c1 slGrf: for d8t8 ir:tf:m~·:ic:ni:'l: s'~;'.':r:tfa;;_fa defi:1~ lhe physiGQ! si~P- c:f 

·the •:ard ;::r:d t~1>: size and ch;::rncte~:stics •A t~;e m;::gnet:e: stripe. These s·tar:da~-:..L a:ki-..v for :..;p tc 

t:·,1-~e cracko ,o be cieticed ulocg th~ length c,f ,:·,e magn~t1c strip~, eCJch tor s,cring ,Juta w:·,1ch rr,e3y be prc-e;rnmmed o;·,,,:, the ce3;·d c-n isoue cf the card ,c th~ use, by ,he 

cc1;d lssu:r:g ;'.':L:the:'ity. -:-ypir;8!:ytt·;'.':ck ·i is 8 ref!d ordy ~:·c1ck L:s~d ·:rJ c:8;:y thf: c:~r~tGrr:P.rs ni:'lr~;t; ;'.':r:d Q<.X;c:u:1~ :nfGrr~;r,1ti!'Jr1 i:1 b,1::k:;;g !'Jr re'~;'.':i! r.1pp:i-:..-:r.1tl!°Jr1s fe:· ex~t::p!e 

-ryp1ca!!y tr;::c:-.: 2 :s a re;::d •J;;!y tra-:..;k ca:rpng data ·,,vhi-:..;~; ide:1t:f;es the card type, the cLlstcrr:e~.s acc.;_-1:)r;t n:..;rr:be:, ;::r:y persc:1;;! ide:1t:ne:;::ticn r;urnber er P!N ;::r:d •Jt~;er 

:r,:;Lwr S(Jf:c:Tic c:ata, Typico!:y 

·:r~ck 3 is :.fosig:1Q:.t:d ;'.': :·eQd/v·:rltt: ·:r~ck ,1r1d GQr: r;f!try ;e'.f,:Ti'~d:!~ rfa'~;'.': s:_;ch c1B e::st-:..1:·ner r.ll'XtK1;;:_ b8!8tK-:t:s. n,~ phy:~ir;f!! pGsitie:1 cf P.~c:h :_;clck e:1 :_f;t; cc1:·d :s c:!ose!y 

def1;·,ed by in,ercatio;·,ul st3ndm-,Js. 

Mugnetic card re3d~r units generally co;·:1;:,me 1, 2 er 3 ,;,Jjace;·,t pick-;;p ccils mounted in a ;·~ud heCJd assff:":1:-ly. The reCJd head ;s mcun,~,J ic th~ reader un;t such ,:·,at 

·:he cci!s Qrt: ce:1~er~d whHt: ·:he er:eoded :_;clcks 1 , ~: Qr:d :: ef 8 r~;,1g::eti-:..-: s-:ripe -:..-:r.1rd ir:sH~ed i::'~c: the m,1der 1Ni!! b~ posi~:or:P.d. rh~ rr:~gr:et:c,1!!y P.::c:-:..1d~d cc1:·d :s pc1Bsed 

ov~r the re3d he3d ~1ther by a mc,cris~,J trnnspoct mechacisl':": of the reCJder unit cc by 3 mCJnuai c,;r,J swipe. Gard g;;1des rnsure cor1·ec, icc,;t1on cf ,he n·,ugnetic n·,edia 

O'H:r the read heod .. 4:, the encnded ct:1Y.: n1a'H::; por,t t~1e :'eod ~1ead. t~1f: n1ognf:fa: :inf:S cf force f:11":cl:--':3tin9 f:"fJ:~n the ~3[-!nf:tle ~ed:a of-::he ca:\-:! :r.d:v.e o GilTf:nt :r. thf: 

pick-up coil::. -rhis t:Llrrer:t i.s amp!if;ed ;::r:d pr•Jces.sed by deccd:r;u ci:c:)1 ts to re-:..;c.ver st.._-i~ed d;::t;::. r~;;cks: . 2 and 3 .;_;an be ~ead si;71:)!tanecu.s!y :f ;;!! a:e used, 
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t:aci-: app!i-:at:or: vvhich uses p-:agr:eti•: s-::ripe G:ffc; techri•:1logy 1·-2quires ::oftw3re to be produ,:-::d tor th3-:: app;icatiori. For exurnp!e, e3ch tirne 3 1·-2t:31!er C-:F:ven:s tc use cf 

;~1r.1g:;8rd 1echr10:egy, :~Gf:.i.'\1;'.':t·e :·n~r~t be devek1pHJ f:-;r ::se ir1 '~he r.1ssc;__-::,11P.d p;..1:r:t Gf sf!!e tt:rrr:i::8!.s !"Jf lhe retcd!P.r. rhe S;'.':rne Is tt·::e fe:· ;Jth~r r~;,1gcc1:·d :_;set·s .such er~ 

:ndiv:dua! L"l;;r;ks ;;r;d ·f:r:a;;ci:.::! :r;s·tit:..;ticn.s, a:1d in secLlri·ty •:ard :.::pp!:e::.::ticn.s wher.::- rnagca~d:.: are u:.:ed a.s access c;;rds. \/aricu:.: aspects cf the software deve!opmer:t 

:Y:c:u:re r,:11:ulatic:1 l!fthe end use oft~1f: card;,_ For exa11:p!e, ir: te:,t:1:g :n:evv schwt:l"f: h: r.':ai be :lf:ees:,a:,ytc tria: va:ifJ'.iS ca:d 

~n:;c:di;;gs, t;..1 :.~s-: ·:he .syste:·n r~spor.s~ IG expl:P.d Gi:lrd:~. te t:·ii:"l: ~ n~ng~ :Jf ;'.':c:;..-:ounl cc:de:~. P!t,Js, pu:ch8s~ :P.stt·:c:tk1;;s ;'.':tKi s:m:!8;, At p:P.se:1t :_f;ls i.s :;ot::t::c:nly c:8;:·ied !"J:f 

~JY e:;cGdir.9 ~ n:..;rr:be: •A •:ards v1ifr1 e::i•:h parcF11et.::-r to be te:.:ted 3nd rr;an~rnny sv1ipin9 a card t~1r•J:)gh 3 re~der :..;r.it d:)r:ng the :.:fJft-..v3re d.::-ve!•Jprr;en"t. 

SUMMft.RY o:= INVEl,IT:ON 

Tt:e prer,f:nt ::n:-../entio:n: (J:"fNider, a :n:1ar-1n::t:e strip:: eard r,:11:ulatic:1 1:~:ea:n:s, systen1 and 1:~:ethod r,'.iltab:e fo: :Jse by deve!ope:s l!f sottv,;a:e frJ:" :~nt:geard a~~)~~)Hcati•,Y:s s:v.h 

3S t~;ose refe:red to abcve. fer te.st:r;u ·the p.::-rfo::11::;:;ce cf a:;d ir: the deve!Gpment ;..1f :71~ge3rd re::ider Llr:its, ar.d :r; ofr1er re!~ted 3pp!1e3ticn.s. 

;r; br03d te::11.s ir: c:1>: aspect the i:r,,rer.tk1:1 e0mprises 3 :11::igr;e·tic :.:tr:pe c::i:d sirr:u!::it:on mea:1:.: or \est ;..-:arc;'", c;..1:71pr:sir:g ~ p!3n::i: :.:ubstrnte •:Gmp0r:e:1t •Jf a si:11:iar size 

to a :n:1a[-!:lf:tle strip:: eard, at lerF,t nne e:ec~r:ca! ea:! carried bi~he :,Libs~rme f ... l!l"':~:pnnent :,Lieh that t~1f: cc!! 1Ni!: be oo:;i~:or.ed adjacf:nt the read head l!f a :n:1ogn::t:c str:p:: 

ca:d r.::-ader un:t whe:; the sutistrate c;..1:11p•Jr;er:t i.s inse:ted 1r1t0 the :eader :..;n:t, ar:d ;..-:ond:..;ctcrs frc:11 t~;e su~...1:.:tr~te :::::ctr:p;..1:;ent er.atding p::issing of a se::.::-s cf e!ee·trica! 

pulses th 0cugh the c,:,11 ,o s;p·,ul3,e th~ ch3n9111~ n,3g;-,et1c f1dd 3, the 1·~ad he,;,J cre3ted by movement ,:,f" magn~t;c str:pe card p3s1 the re3d he3d. 

prograrr::11::i~J!e test rr;ear:s •:Gnr:ect::ib!e tc .said e!e:::::·trica! e0i! ~Pd prograrr::11::i~J!e tc p::iss a series Gf e:e;..-:t::,:a! pulses t~v;..1:)gh fr1e ;..-:oi! tc .s1mLl:ate t~;e ch::;:;ging tr:::igr;e·tic 

tiek; er:: -::he re~e:; he,3d cre3-::ed i?/ rr.cvemer.t of~ rnag:n:eti•: s-::ripe -:urd past ti~:e re3d ;~:ead. 

P:::fNt:b!y t~1f: ek:ict1·:ca: f ... l!il(s) ir,/are carried bi o r,d")s-:::,me co1:~:pnner.t cf a s:r.':i!t:1· s:zf: tn o rr.a~met:c :,t:-ipe ca:d s:..1ch t~1:":t the CfJ:!(s} \ri;i:! be ~~)l!S:~:cn::d adjrKen-:: -::he 

read bead cif" 

:r. tii·o~c; terms ii~: a tLlrther as::1ec-::-::he ;pverit;c,p ccrr.prises ,3 p~:ethod cf siP~:u!3ticri c,f p~:ovemePt of a rr,,3g1~:etic sti·i::1e card ::1us-:: 3 re~e:; he3d, ccrr.pris1ng prcvidir.g ~t !east 

or:f: el~e:ri:;8! <.XJi! pos:·::c:r.ed wJjcK-:H1I ·:he :·eQd hecKi, ;'.':r,d pr.1ssi;;g ~ ser:t:s ef e:P.:/~r:c:ci: p:j:s~s H:t·oL:gh :_f;t; cei: IG si:11:_;!,1IP. '~he <.J1~r.g:;;g rn~gr.et:<..: -~eld 81 ·:he :·eQd hecKi 

-:remed tiy rr:cverr:e:n:-:: cf ,3 p~:ugnetic s-::ripe ,:me! p3st tho:: read ho::ud. 

GESCRIP::m, OF DRAWINGS 

Ty::11caUy, but :n:c-:: exC:t.:sive!y, ti~:e -::est ,:me! a:n:d ::imLl:3ti•:11~: sy::tem ot-::he ;pverit;c,p wd! be ;_jSed vv:-::h ,3 ::1erso:n:a! compt.:ter u::ed by a s,:1ft'vvure deve:cpei· 01· sirr:i!~1·. :=:igui·e 1 

Sf ... t:en1m:ca:!y :;i1ow:, a pe:r,01:al c•,Y:l~~Jlitt::' 1 and a :n:1or-1:,t:-:~~)t: card :-::ader :..:nit?... The te:;t cord 3 Is in:;erted intfJ tt:t: reode:- '.il:i-:: os show:\ and a srr.a!! ca~"J:t: ~~ c•,Y:1:ects 

tf;t; -:~s1 ;..-:r.1rd l:J ;'.': po;t ;..1fth~ U)t::pute; i/i;'.': 8 sl~r:C:ci:·d plug 5, so 1hc1t tesl sc:f:wi:lr~ :r: the pP-rsc:r.ci: cot::pute; ;~1Qy e;;Hgise :_f;t; -:~st ;..-:r.1rd l:J s:;~1:_;j~-:~ Si.'\1ipi;;g :Jf ~ sti:"l;;(fard 

"VlfJBtriae rnrd 

-::hro:..;gh ti~:e readei· ;_jpi-::. Fig;_jre 2. si~:ows ~ srnr.d~i-d p~:ag:n:eti•: s-::ripe ,:md. The -:a rd -::ypica:!y ccrr.prises ,3 SLlbstrate 6 of srnnd~1·.::J dimensions ~Pd -::h:c~Pess, c,3rrf Pg 3 

:~trip~? of ;~1Qgr1e'~ic: r~;wJi8 Qg,1ir: :;; ,1 stc1:1dr.1rd pos:t:cn or: the C;'.':t·d. n,~ rn~gr.et:<..: metfo':> "'J pt·o,,1:dP.s th:·e~ lrw;k.s Ir: cK-:c:Jrd~r:c:e with lnl~rr1;'.':'~itrnQ! s18tKfards. fr:r sto;:;;g 

data on the e3rd. r:;;cks 1 . 2 ;;r,d 3 ,,,e indiccated at rl, ·r2 a:1d ·r:3 in HJure 2. 

As st~to;:c; previous!y, tra,:k 1 i:: typi-:a!:y used us a i·eud or.!y-::rack t•:1 c3rry ~ CLlstcrr.ei·s n3rr:e ~Pd 3c,:c,un-:: infcrrr:ati-:F:. Track 2 :s typ:c~;!y ;_jSed ,3::; a re,3d only ti-~ck rr.cst 

ofte;; :jsed by the b~r:k:r:g ;'.':r,d oil i:1d:_;slrl~s. On t;i:lck ~: th~ fjrs'~ s:x dig::_:~ ~HP-r ·:he .s:.Qrt :~f:r:'~ine: ~r~ te:n:ed thf: c:8;d pmfjx Qr:d :C:e;;:_:fy ·:he cr.1rd ·:ype P-.g. \!i:~8. 

Mils,erc3cd, Fcelcard, Deo;tcard, ~,c. The ;·,ex, d;91ts give ,he cus,omecs EJcccu;·,11-,umber. :oge,hec th~ prefo: ,;nd accoun, numo~r make up ,he Prim,;;-y ft.cccunt Numb~1· 

01" P/-\~c .4 :,eparo~Gr de:;ig:n:ate:, the end nf the P.4X~ w~1:ch i,':,:!i va:-y be~'N(:en "! 3 and ; 9 dlg:-::s ::~: !er.~nh. The PAr~ sepa:":":tOI" Is !F?liaHy h!!lG'Nt:d by the ca:"d expi:-y do~e. a 

P!N Gff:.:et p!u.s 0ther i.ssLler sp.::-eiftc data. rra;..-:k 3 ::.: des:gna-ted ::i read/write tra;..-:k and car: c~r:y rew::t::ib!e dat::i SLlch as cu:.:tfJmer 3c;..-:oun·t ba!~r;ees (ti:)t is 9.::-r;era!!y r:ct 

\/t:1•il!US a~~)~~)Hcati•,Y:s ur,f: d:fterer.t tracks Fo:" f:xarr.ph":, a securiti accf:ss :,yste:n 1:~:ay :Ee cr.!y-::rack 1 ttx er.rxJdlng af ... cesr, prlvih":ges, a banki:n:g a~~)p!:cat:01: suet: as 

E~rpc;3 may use ;..1:;!y tra;..-:k 2 fer cu:.:tfJmer ac•:oun·t ide:;t1 li:::::a1k1:1, 3nd an oi! 1nd:..;strJ app:i;..-:at10n may :..;se b0th trac:-.:s 1 a:vJ 2 us:r;u ·track: frx acc•J:)r;t ir:forrn3ticn ~rid 

-::rack:?. ttx prod:..:ct ~~)'.il\:hos:: res~r:cticn:;. VVhih": th:,ee trof ... ks are pl\!Vid::c: h!r by :1:ten1m:cr.a! s-::ar.da:-:fa a-:: prer,f:llt, it :s pcr,:;ib:e :11 -::he future tt:at a !a:-9f:r 11:..1:n:1be: fJf 

t;i:lcks ;~1Qy be pr!Nided :Jr: c1 r~;r.1gr1e1ic: stripe GQrd SL:c:f; ,1s -~ er 5 lrw;k.s, f!:1d ii :s Q!sc: po:~s:b!~ lh~·: '~he dr.1tr.1 ·:rw;k.s rn~y bf: kK-:r.1twJ 81 ether pGsi1ie:i:~ :Jr: the c~rd 1hc1:1 

::howi~: i:n: Figure 2.. 

Fi9'.il"f: 3 s~1ows :": p:,eter:,ed for:n:1 r.':a~v:etic r,t:1~~Jf: card :;in1:..1:ati•,Y: n1eon:, tX ··tes~ ca1·d''. The ter,t card CfJ:~n~x:ses :": s:..:br,t:-at:: eor.':pcn::1:t 1 :J 'Nhich :s "'i:'/Oica:!i a pif:Ge fJf 

p!~stk-: Gr Glh~t· su:tr.1b!e :118:.~r:,1! efthe s~t::e o; :~:m:!8; dlrn~r.s:cns h: th;..1:~f: {:f 8 :~tr.1wfot·C: :118gr:P.·::c .s:.r:pP- c:c1;d, Wh~r~ the rr:,1gr:etk-: s-:ripe ;..-:r.1rds ef c1 pr.1r:.:c:j:c1:· .syste:11 

do nm coi~:1::1ly vvi-::h -::he internm:cn~; srnr.d~i-d:: bec~use the c3rds ~re tor LlSe with ~P :r.-ho;_jse sys-::err. ,:if tho:: card isst.:ei· whc desires th~t the c~i-d:: ore of~ no:n:- st,31~:c;urd 

s:~~ er1h8t tht: :fo'~f! trn;..-:k(s) ;'.':t·e :;; 
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ce::s-: 1 r.lrf: cci;ried by t:1~ sL:b.s:_;e1:.~ :;c:t::pe:1~n1 "!D. n,~ :;oik~ ·i·i ci:·e pGsiti;..1:1~d or: tile s::b.st:·cite eompc:ner:t ·!D such ·:h;'.':11f~ey1,,v:n i:1 turr: be po:~1-::or:ed wJj8cH1I lhe recKi 

he::id of a stc1;;rJard m;::9c;;rd reader u;;1t Y11:1>:n fr1e te:.:t e:;::rd ::.: :r:s.::rt-ed ir:to the unit, ;;s s:vJ-..vr: j;; Figure 1. 

;=ig:..;re 5 show:: hew the sm~n cods 11 ~re pcsitioned cri ti~ie su;:1::trute ccmp,:11~1err:: ~ C: such th~t wheri ti~ie -::est -:a rd :s mser-::ed iPto -::he re~c;er :.ir:it th-2 coil:: 11 vn!: ti,;: 

pc:s::_:Gned 

:r: 1:1>: preferred form le.st card s:1owr: -eae:h c•Ji! 11 :s mcunted ir: c1 :.:h;::!!•Y•,V rec.::-ss 13 f•Jri7V:-d :r: the thick;;ess •A t~;e sut.-i::.:tr;;te ccrr:p.;_1;;ent 1 U fcrrr:ing the test •:ard. ~er 

exa1i-:ple t~1f: :'ece:,ses ·i 3 n1ay be fo:--n1ed :J:;ing a 1·0Liter, A s~1:":!!ow chonnf:! ! 4 i:; p:--0·,_1:c:ed fron1 ~he :"f:cesr,f:s : 3 tfJ an ed~v: ot ~he te:,t cord and 1Ni:"f::; por,:; f1\!1·-r: the co:!s ·1 

1 a Ieng t"e cho"Pel 1"- tc, ccnnect t0 a uible 1 :, tbe c\he: erid cf wbich u,rr:es ,i plug fer O.l"Pec\ing tbe test ;;arrJ ·to \he port o: a aers,i:,al cc:np:.:ter for exa:np:e. 1·1ie 

,:oi:s : 1 r:13y be s-::c:.ired ;p positi•:1P ir. the reces::es 13 as vve:i ~s prc~ectec:, by a resin or fiUer cor.--:pcunc: \111hich a!::o ccvers ~he wires 1n ~he -:har:r.e; 14. Op~icn:3;!y th-:: 

wf;G!e s:_;rfacP. c:f H:e c,1rd ::18y lhe:: b~ :;01.1HwJ 1,,v:th ~n e1dhP.sivP- fi!:11 Gr sit::ih:>r. Dne, tw:J c:nhree <.XJib rr:,1y bt: pt·o1,1:(Jf;d C:epHJding upG:"1 H:e r.1pp!icQ:_:l'rn find :_f;t; ::L:rnb~r 

oi ,rac,s cse,J, 3'1d it is ulsc p,:,ssible thm iocr er rncce udjacff,t ccils 1 , o:- simile;:- could be carried 1:-y the ,es, c3:-d fo;- some pci:-tic:;lar ncn-stundard 3Pi:,lic3ti,:.:-,. 

,:-,e cc::s , 1 :-,1,;y be small coils of any suitable ccnf19urnt1on but :n ,he p:-efe1·:-e,1 fo1T.-, each coil :s w,:,und such ,hat the 1-.-,a~netic tield generated whe:i an elecceical pulse 

is p,1ssed lh:"G:jgh the coi! Is s:_;bs-:~::,~icd:y GQr:ceHt:d on either sid~ :Jf ·:he ;..-:GI! i:1 :_f;P. p!e1;;t; of ·:he te::,t :;md te Q1rc:id (folP.ctie:1 Gf thP- t::8g:1~n:; fiekJ ere cited by th~ :;c:il by 

3noth-::1· 1·-::ad he~c; pie~ :.ip c,:11! i.e. to 3vc,1d ad_:~cer.t ci~:cmr:e! crossta!~. in th-:: preferred fern--: thi:: is ~chieved as shc'.<vn in ;=1g:.ire 4, by windiPg ea,:h ccH 1 1 in twc p:3iis 

orcund the !e9s of o U· r,t:aped f .. l!l"f: 17, tt:e end:, of w~1:ch are s:.ibsf:-:;Lier:~:y c:--ir:1ped together, so ~hat vvhen t~1f: cci! is e:-:e:,g:sed a r:1ar-1nf:t:c f:ux win :--adiatf: p:,edor.--:int:1:t!y 

:n dire;..-:t:fJnB perpendicular to fr:e plane ;..1f t~V: card a:.: ir:d:•:ated by arro\111B F in ;:.1g~re i!., Figure i!. shC\•1is the •:Gi: before erimpi119 Gf the e1v.fo of the legs ;..1f 1~1-: core 

to9etherc T~1f: ccre ·i 7 n1ay be fo:--n1ed fror.--: pN:-nt:!loy sheet 01· l!the:, suita~J!e CfJi! r:1oteria: o:, a!ternative!i the coils :nay be ai:' ccred. U:;e cf a :-nt:gne~:c co:! :nt:tf:rlal 

in;..-:r~,1ses thP- fie:d s'~rength gt:r1ern1ed Vr.1ri!"J:jS othH coi! c:Jr1stt·::c:tio;;s me pGssib:t: h{:wt:,1e; 

t:djocf:1:t the read heod as shfJVVn in r-igure 5. A serie:; ot ek:ct1·:co! ~-J:i!se:, 11:ay t~1f:n be :;er:~ ~hrcurt1 each en:: ·1 : to be ~-Jlckf:d up by the read head to C:'eo~e a chan~f 1:g 

maff1d1e field at the read head wh:•:h s:171:Aa-tes 171.._-1verr:e1;t of a maff1>:t1e stripe e;::rd past the read head, Es1ergi.s:r;u fr1e ;..-:oi! er ;..-:oils 1 : \111:t~; a ser:es cf pulses ·,,vi!! 

sii~:1: ... dme rr:cvernent of~ rnagstripe c3rd c,:11~:1p1·1sir.g ~ n~r.--:bei· ,:if ::tored data 1Jigirn ::1~s-:: -::he re~1::; head. Figure 6 shews ~he interaction of a ~est ,:ard cc;; 1 ~ vvi-::h a ::11ckup 

cGi: 19 Gf the t·ecid he~d. 

-rhe dr:ving c:.irren·t to the coi!.s may ~Je supplied d:r.::-e·dy f rc111 a p;::raUe! er .s.::r:a! pert cf the PC:, Curre1;t !imiting resi.st;..vB may ~Je prov:ded, :r; fr1e p•Jrt adaptrxs for 

e>:mT,ple, to restrict the current fl,:,w ,hrough ,:-,e cc::s. \ia 0i,i::,le res:stocs rr,3y be :1-,serced ::-,,,:. the cu:-ce:-,, pmh ,c 3:low ,;,Jjcstrne:-,, c.fthe rnag:ietrc f1e:d strength ,:.f each 

of :_f;t; ce::s. CHhet· e!~clmnic: circ::its r~;r.1y b~ i::c:!uded te Hrr:i·: ot· be;..1B:. thP- C:t·ivlng c:u;:·e;;: __ modify ils wr.1,1e 

More th;::r: ;..11;e ·test ;..-:ard m;::y be cper;;t.::-d from ·the desigr:ated sy:.:tem pert. /.\dditi;..111;;! car;..iB may be cc1v;e::;ted t;..1 t~;e sa111e port usi119 appropriate adaptors a1;d eac~; 

card r.--:ay be ::-:c:ivid:ial:y rkive:-: by t~1f: PC. ti-,dc:itior:a! cards :-nt:y bf: 1Nired h!ge~her in ser:e:, o:, :r. (J:":1·anei to nperate :;in1:_dtanf:l!Us!y, 

J\BWJde1ted S{:f:we1;e gene:·e1tes ·:he p:_;!se B:.r~r.1m wf;lch e;;t;rgise::, lhe coils ;..1fth~ IP.s'~ GQrd tG si:11~d8lf: swiping Gr rr:l'JiGrised r~;G1re:11e;;t Gf ,1 t::89:1~n:; st:·ip~ :;md. :r: lhe 

design und deve!cpi~:1-::nt at r:13gnetic cai·d 1·-::uders :31~:d dec,:1ders ~he ::oftwore m~y be urmnged to energise the test c3rd tc s1m:.i:ate foster 3r,d ::!ow-::1· or IT:axi;~:7;_jp~: ar:d 

:-n1n:r.--:urr. :;"1Nif"Jf: spef:c:s, :1: bo~h di:"f:ctior:s, tn :ntrcduu·~ or.d \/ary :;ub-:nte9:-t:! or.d/o:-- odJt:cer.t bit to b:~ jitter :1: the te:,t s:gna:, tc v-a:y thf: n:.ir:1ber fJf h-:ad:n9 and ~:--oi!:1:g 

cki•:k pulses, ar:d tc ,,rary t~V: magr:et:c ·f:e!d s·trer:gth fer examp!e_ !n the devek•pmer:t cf .s•Jftvvare applicatk111s ba.s.::-d ;::round rr;aunetic;;!!y enccded e;::rds ,,r;::ricuB e;::rd 

enf .. l!dir:g;, car: bf: q:.i:c;dy a:-:d ear,i!y :;in1:..dated tn check ~he :Y:spor.r,f: of the a~-J~-JHcati•.Y: sct::wa:"f: d:.i:--:r:g df:ve!o~-Jl:-:en~, :,Lich a:; purcha:;e !::-n:tatlons, exoi1y date:,, Sf:cu:'i~y 

QCCeBs :e-,.re:s, invr.1!:C: chP-ck ch~rncter::>, c1:1d sirnnr.1r. -:-eB:. c~t·ds c,1r1 be sl:J:"f:d i:1 ,1 cci:d dr.11,1 bf!s~ for e~sy ~c:;..-:t:ss. ir: pt·odL:ct:or: ~nd tesl :;em:·e :.~sli::9 ;..1f c,1rd bf!sHJ 

::ysteP~:s -::est scrips ;_jSir:g :3 darn ba::e cf c:3;·d:: can be repe~t-::d!y ::1!aye1J. A sing!e PC can cor:r.e,:t to mar:y c3rds ::irn~!atii~:q m~!tip;e sim;_j!tunecus swipes ,:y to t-::s-:: 

::1mdrr:um sys-:et:: k'lr.1d. -n:e swip~s c:e1r: be trigg~r~d fmrr: ~n ~x-:et·r1~! ~1re:1t to sy:K'.h:"Gr1ise thP- next s1,,vlpe h: the ,1ve1:1~bi!::.y {:f '~he c,1rd t·ef!der. -:he e1bi!i1y :.G sin:u!r.1tt: ~ 

card avckL h;::v1r1g tc e1;code re;;! m;::gnet:e card:.: for e;::c~1 and e•,rery ;..-:ombir:ati;..11; Gf ::;;::rd type. 

V'/i~:i!e ;p the prefoi·red fo1·1~:1 tes-:: c:31·d ti~:e cci;s n ,:11· ::irni!:31· ~re carried by :3 s:.ibstrate cornpcr.ei~:t of a size the same :3S or sii-:1dar~o a ::tandard m:3q s~ripe -:ard, it 1s 

rx:s::>ib:e In ,:/~he:· f{:n::s tf;r,1t the c;..1:is n"':ff{ be c,1rrlP-d by u:her n:eQr:s e:1Qb!:ng th~ :;db ·::J be p!~ced wJj8;..-:H1I ·:he :·eQd hecid e,f r.1 cci:·d ;er.1det·, S:jch QS 8 Br~;,1!:e; ::,ubstt·~'~e 

strip ·,,vhic~; may be inBert.::-d ir:1c a e;::rd reader or o·ther rr:e;;r;s i11:.:ertab!e :r;to a card reader 1c p•Jsi·ticn t~V: sci!:: ;::dja•:er:t the r.::-ad head. 

,:-,e toregci:ig desc:-:1:,es the inve1·,t1on including" preferred fc,rn ther·eof. ft.ltermicns and rnod:frca,ic:is as ,;ill 1:-e obvious to t:·,,:.se s~illed in the"'' uce inte:-,,Jed ,c be 

itK-:GrpGmtwJ 1,,vlthi:: the w;qw here{:f, QS C:efo;wJ in tf;t; ~c:;..-:Gr~;p,1::y:r:g dQlrr:s. 
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MX2007000546 

Contactless payment card reader with a frusto-conica! operating volume. 

Abstrnct 

.4 conrnctleos p3yment c,m:J readec h,;s 3 frusto-con:ce3: operating vclu1·,-,e. Thefrusto-con:ce3: sh3ped 

ope;e1t:r:g v;..1:urr:f: her~ defined rn~gnet:c -~e!d s-::P.r:91hsfe:· po'✓,.iering r.1:1d c;._1;~1;~1un:cc11i;;g w:th 

pro>:ip-dty p~yrnent -:c:1rds. Th-2 reader -:c:mserv,;: as~ reforer.c-2 reader, vvhich is repres-21~:tut1ve ,:if 

produf..t l"f:aders df:ployf:d::n: co1:tae'.:ler,:; payT-r:en'.: ca:-d syr,tf:1·-r:s, tfJ tf:St product cnn'.:actk;:;s payn1er.t 

•:ardsu:vJ.::-r e:or:dit:•Jr;s that .s1rnLl:a1e nekl u:.:e cf the •:ards. 

Olher languages: Sp,,,,is,, 

Gl:assiflcations 

~ •30:s;<:S/CC Mf:tt:c!ds c: a:-:,v:gen1er.ts frJ:" ve:--:fy::-:g the co1·:-f:ct1:esr, l!f 11:a:,k:n9:; o:n: a :Y:co:--d 

c:e1r:·i~r: GG!::t::r: d~tw/~ic:n dt:,1i;,._-:t:s 

Gl:aims (13) 

1. 

Worldw!de app!ications 

:(CG~ M~ ;~p ,H~ t:l:) CN r\--::i .::i~ ·~~H ·~H WO CN ',,No ~:p ;,~~ US C:",l 
~~~~2~P~%~~~~~~~~~ 
.;-.A-)\: ~\A-:;'(,:.::,-..~ ':/•.JO tl!'-i .~~t CN {§3,:--~-,~:-i- \:*• \:-/0 f!-H ",)'·?·~'::~:.. Eh~ Cf'-J '2.DD? 

Appl!cation MX2007000546A events ® 

GU\!~AS ·i. ,\ :·e;::dP.:" ~t·:-~::9e;~1H1I fGr m~di:1g co::'~;'.':c:1l~ss p;::ymen1 c,1:-ds, :_f;t; :"ef!de; CG:"1si.s:.:~ of: c1:1 Ri= ~::,~en:1;:: :;irc:u::.: ;'.':t:d;:: !;'.':tKi:r:g p!ci;;t; pos:t:cr:ed cit;:: Fixed 

di.st::ir;e:e fror:: the RF a::1etv1;;, i.-1;here the F-'.F a::tetv1;; c:rcu:t is .;_·JJPlig:..;red t-:.-1 generate a m;:,:gnet:c ·f:e!d H-:.-11,r :r:;; fr:)stfJcor:i-:.':a!:y Gpernting vo!u:11.::-, '.o\.'here the !ar:di:19 

pkv:e tnn1:s ~he ~Jase :Jf :rn:aHe:- dia:n:1e~er cf thf: nperotin9 voiiYnf: ::n: a fr:Eh!-eor.l: .. a! i-':annf:1: a:-:c: ::n: 1111h:c~1 tt:e :n:1or-1:1f:t:e Tie:c: Hov in tt:e opwatl:-:g vch:1:-:e :n :": 

fru.st• .. H,;0r:ic;;! m;:,:r::1.::-r 1s .specified tG feed ;;r;d cc:1v11~i:;1::-;a1e ·,,vith the e:or:t;:,:ct!.::-ss p;;ymen1 ,,;ards p!;;e:ed :r; the cper;;tmg v•J!ume ::; a frLls1c-c•JPica! rr;anner, 2. ·rhe 

;-~oder army of c,3;i-,-, 1, characterized in t:·,ut the frustc-cc-1·,ic3l:y cpemtmg vc-lume cc-i-,s:sts of: 3 truncuted cone h3v111g an ilXi31 lengths:, 3 olT,allw ::,use d;m,-,e,er 

D! ;'.':tKi 8 dif!:11e:.~r cf thP- !e1;9~ b~se D?: ;'.':tKi 8 :;y:/:-1dt·:c:e1: se;__-:t:cn hiivl:-1g c1 dl~mete:· O✓- e1;;d ~r: ff,;·:;'.':! :P.:-1g'~h S~'.3 ·n1e ree1dH ~:":"8Y of c!;'.':ill: ".?, c:h;::r;::cle:"il.ed ::: 1he1t :_f;t; 

RF Gntff,na hCJo a d;,;i-,·,etec oi about 7 cm, whece;i-, ,he l,;nd:ng ;:,lane ;s pcs;t;oned CJt,; tix~,J d:st3nce cf aoo;;t 15 cm frcm the RF 3nte;·,i-,a, e3;·,,1 where ,he 

para:nf:tf:r:; s:. S?.., rn and D?.. ha'H: 110:n:1:na: vah:es :Jf a~-JF)l\!x:rr.atf:!y ·L 3. 3 and 5 -:.11:, re:,pec~:-ve!y .• ~, Thf: 1·eader a:"roi ot c!a:11: 1. cha:--octe:-lzed 1:-: thm ~he :nag11e~:c 

f;e!d HQ c.;_-1rre.spGnds t.;_-1 a po'.o\.'>:r transfer vo!tage Vcv rnea.s:_:red 31 c1 poin"t er: t~k circu:t Gf the R~ ::;r;ter1n;:,:, and wherei:1 t~;e Vov :71easured in the ;;nter:r:a •,;irc:..;i1 -:.1f 

Rr- has a 110:n:1:r.a: vah:e of apo:-:Jxin1o~e!i 3 -az vG!tr, in an R:"= a:n:~ennt: e:rc:Jit, wt:e:,e z is ~he dis~or.rx: of a payn1er.t : .. arc: f1\!1:-: the !a1:di:n:g o:a11e 1:-: e:n:1. t:11d 'Nt:e:,e a :s 

equ;::! l:J 8pp;;,._w/m;'.':'~e!y D.:15. 5. /., :-efot·e1K-:t: :"e;'.':tfo; fo:· 1e:~n:-1g c1 cG:-r:~ct!e:~s pe1ymer:1 ;,._-:8rd lh~·: c:e1;; be u.swJ ..,v:th ~r:y Gf lhe d:ffo:·e;;:_ c~:-d recidHs depk.:yed In ;'.':n 

e!-2ctron:c p~yi-':erit ::ystei~n, -::he r-2fHo;:nce re~c;er ccrr.pri::es: ~P RF arit-21Tia cii·,:ui-:: wi~iose extern a! ti,;:havic-1· 1s rew-2::e:n:rntive of -::he ;:1ehavior of the different 

;e8rfot·s depkJyed :r: the P.:e;,._-::_;;,._1:1:c pciyrr:e::'~ sys'~ern, wher~ lhe c:rcu:·: c:f'~he R.:= ,1:-r:er:ne1 is ;,._-:or:Fig::t·ed t\.'l pmsen1 th~ :"P.p:-eser:t8ti11e t:/(~en:ci! behflvi:J:" fG:" lhe 1i;,._1;;. 

•.-rJn·tact p::iyment .;_;ard Llr:de~ test ar:d t-:.1 generate a m;:,:gnet:c ·f:e!d !-1-:.Y,,r :r:;; vd~F7le 0pernti•J:;a!:y f~~i::.:tGe:or:i-:.;a!, ·,,vhere t~1>: m;:,:gnet:c ·f:e!d H-:.11n the •Jperatir:g vG!:..;r::e 

:11 o fr:..:strX..l!l:ica! 11:an:n:w is spf:cif:ed to foed and eo:n:1io':unicme with ~he Cl!lltac~:e:,s pairne:n:~ ca1·d plocfa! ::n: thf: npero~in9 vo!u:w: ::n: a fru:,tlX:o:n:ict:! :n:1on:1f:1·. Sc 

·che ,e:d~nce med of clo1m 5, charnc,e,;zed ;c, trmt the d1f:d~nt ceade,B ace W"coctlesB nay"kflt card ,eoders acid wlier~in the circL:i\ ;Ji ,:k RI' an\ec,r;a 

ccmp;·;oes e3;-, ac,enn,; hav;i-,g 3 °eoonant frequ~1-,cy -:,f ubou, , ,L 5c, MHz. 7. The refocenc~ readec of da:m 6, che3;-e3,:terized in th3t the RF 3nten;·,a :s" ci 0c;;lar 

;::r:tP.:-1::8 fabr:<..:~·:ec: ;,._1:1 ,1 (;i;;,._-::_;il bomd, 8:"1d 1Nhet·ei:1 :_f;t; :-efore1K-:t: :-ef!de; fu;the; cGmp:-ise:~ ~ !e1;;!Ji::9 p:8tt: or: whic:h thP- c:e1;;,._fa ~:"e pl8ced fe:· te.snng find which ·:hey 

,;1·e p:3ced 3t 3 fixed d1srnnce of apprc;:;n-,ate:y 15 cm ,;way fr,:.n-, the pcinte,J circu;t bo3rd. 8. The refece;·,ce re3der of c,3;i-,-, 7, characterized in t:·,ut the Gntff,na is a 

,:.i:,c:..:b:· t:11ten:n:a t:avi:19 a dia:-nf:te:, of apprcxirnme:y 7 err. :·f:p1·esentl:1g a:n: ave:--oge l!ftt:e onte:-:1:a sizes :Jft~1f: d:fte:--er.t :-eat!e:,s deo:nyed in ~he f:eld rv:t! 

ge:1>:rat1ng c1 :7mrJnet:c ne:d th::it 1s repre:.:er:t;:,:tive of-the re;;ders dep!Gyed ir: the ne:d. 9. The refe~er;e:e re;;der 0f d::;:rr; B, •,;har;:,:cte~ized j:; that ·the fru.st-:.K·on:cal 

ope:-at::-:g ',m!Lirne c:J:1:;ists of: a ~:--: .. mcatfa! ccr.e hffli:-:g a:n: as::oi :eng~h SI, o diarne~er cf ~he :rn:an ~Jase DI a:-:t! a dit:1:-:ete:-- of ~he :a:,ge ba:;e :J·z: a ey!:11d:'ica! sectl:J:-: 

f;81d:1g 8 C:ie1;~1~tt::" D:.? ~r:d ;:: !er:gth S:.?. ·i D. n,~ :"f:fo:"er:c~ :"f:;'.':de:· ;,._1f c!~:11: 9, d1e1;;::clP-:"i . .-:.ed I:: th cit th~ !iind:r:g p!ci;;t; is p!~ced 81 ~ fixP.d C:i.s:.8w;e of ;::pp:-Gxi:11e1t~ly 1 t, 

-:rn trorn the RF ~Pten:n:a, a:n:d vvhereii~i the p3r.:Fno;:ters S!, S2, o:, mid D2 h3ve noi~niPa: vu!:..;es of apprc>:iP~iate:y 1, 3, 3 and 5 Ci-':, respe,:tive!y. 11. The reforei~ice 

:-ef!der cf c!;'.':i:11 ·: o, cf;8rw/~eri::.t:d :n th;::t thP- t::89;;t;n:; field Hcv c;,._1;:·e:~pG:-1ds to 8:"1 equ:1rf!!~r:t e::e:·gy l:"8:"1sfo:· vGH~ge \/oi/ t::eci:~u:-P.d cit e1 p!"Jir:1 e:1 :_f;t; ci:-;,._-::_;11 :Jf ·:he 

Rt= c1:1ter;na, ;;rid ..,...,,~;ere the V•x,,r mea:.:ured i:1 t~;e ;:,:nte:;r;a ci~.;_;:_:i t Rt= ha.s a r:c:11:r;a! va!Lle -:.1f ;;pprGxi:11::ite!y (~1-::iz} '-'c:!t.s, '.o\.'here L 1s the dist;:,:n.;_;e 0f ·the p;;yr::ent ,,;ard 

t:\lll: ~he !a11d:r.r-1 ~-J!a:n:e :1: Ci,':, and whe:--e a eq:..1oh 035c ·i ?... A n1e~hcd fc:" te:;ti11g the beh3\/ltX of a C•,Y:t:":Gtler,:; poy:-:1e11t cwd t~l:"!t eor. ~J(: :Jsed 1Nith :":lly (Jf t~I(: 

d1ff.::rent card ~eaders dep!◊yed :r: ::;:; e:e-:.;t~.;_1:;1e: payrner:1.systetr:, the tr:e1~vJd e:or::pri.s.::-s the :.:teps -:.1f: havi:;g a refere:;ce read.::-r hav:r;u ;:,:r: •Jperatior:a! vd~F71>: 

frust-:,con:cCJlly, ,he ,ef~1·ei-,ce ce,;,Jec ccnt3;i-,s an p:= ac,enn,; c:rcu;t whcse e>:t~1·;·,ul beh,;vicr ;" represei-,tative ,:.f the behuvicc of the d:ifocent reCJders dep:,:.yed 1n 

·:he e!P.ctt·or:k-: p~~F~IH1I sy:~tf::"f1. where th~ drc:u:t Gf lhe H.F e1r:tt::-1::8 :s cenfigurwJ '~o p:·e:~f:::'~ '~he ;epmsentcit:,.,e ffKtP.m~: b~h~v:or fo; tf;t; p;'.':yr~;t::-r: cci:d :.o be test~d 

;:.:r:d t•:1 ge:n:er,3t-2 a ~c,v rr,,3g1~1etic f;,;:!d in ti~ie oper3tii~iq vd;_jp~ie :n ~ fr;_jsto-ccnica: rr.~FiPer, ~Pd :n whici~i the rr,,3g1~1etic f1-2!d Hov ii~i the cpei-~tiPg v,:1;urne iri a trus-::o-
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ccriica: m~F:Per :s spec{ied -::c fe-2c:; ar:d ,:i:::,rnrnun:c~t,;: vvith the corit~ct!ess paym,;:pt card vvher. it is p!uced ;p the cp,;:1·ut111g vohJrne ii~: a fr:.istcc,:11~:1ca! w3y; p!~,:e 

th~ :;c:ntci;__-::_:f:ss pr.1yrne;;:_ c~t·d i:1 r.1 fo·s1 p;y~illo:: :;; the c:per;:::_:rig \.'olurne i;; ,1 frus'~c:c:;..1:1ic;'.':! 'N~'/: ;'.':nd ;~1~8SL:re tht: recep:.:cri of ·:he d;::tr.1 ~nd th~ sen:~illvity !"Jf ·:he 

.::-nergy c,f t~;e cc:1tc1•:t!es.s t:3rd p!;;ced :;; the cp-er;;ting v•J!urne. 13. The :1v2t~;c,d of d;;1rr; 12 further .;_·JJrr;prise.s: p:ac:r;g the •:Gntact!e:.:s paymer:t c;;rd ir: a :.:er:e.s c,f 

~-)l!Si-:::cn:, ir: the C!pero-:::n9 vo:u:n:: ir: a fru:,to-cor:ict:! r:1onnf:r; or.d :-neasu:i:19 the rerx:ptian cf the c:ata and tt:e enf:1·9y Sf:1:s:~:-vity cf thf: pl\!d:Jct ct:1·d i:n: et:ch cf the 

se~:.::-s cf pc.s1t1ons :r; fr1e .;.:ip.::-rnting voh..Jme :r; a frLlstcc•JPi:::::a! rr;;mr:er, 

NON-CO~"-i~-/.\C"f P/.\V~viEr.rr CARD RG\DER ii✓ :~-H t=Ru;_;·rocoN;C c:PER,t,,-~:r,~G \/QL:Jrv~[ SP[C!HC:_.O,r!QN CRC:ss R[f-TRG"-iCE ~-c REU.\~TD /.\PPUCf'.:noN5 ~-hi.s app!:,_·atior: 

dt:irns the be:n:eflt of Unitf:d S~mes P:r;v-isi"Y:a! Po~ent .4ppHco~:cn 6G I 5BB,27G, Tik:c: J:..di 15, 2GO•~- Thi:; app!:cm:cr. :":!sc relates tc Unitfa! States (J:":te11t opp!:cm:cn:, SI i';, 
QrJd s _; :--~. s _;:--~.finds/ N, D!ed ;__1;; thP- se1r~;t; df!te, ~n of '✓,thid: :Jci:r~; the be;;t:fr: befr:re ~h~ ~fo:P.mentio;;wJ P;'.':'~ent App:fc;'.':'~ie:1 NO. 6Cl / SBB,✓-?O. AH of ·:he e1fo;e;~1H1ilor:ed 

::1uterr:: app;1c3ticri:: are h,;:1·,;:by ;pcorpor3~ed i?/ refereri,:e iri ti~:e:r entii·ety. 

8ACKGROUi';O or ::--:r: lf·t•./E~T!ON Rt:t!ia Freq'.~ency !der.tifv.atia:n: Lt:bels (RFlD) a:e sn1aH integrated circuit;, (;C} f,l!llnectf:d tn or. a:-:te11no, 1Nhich can 1·espcnd to a si91:al 

f:·e:11 Que:~n:Jr:8bl~ m= 1,,v:th si:·np:t: itfo;;:_:fi:;;'.':tie:1 l:1fG:rr:,1ilor:, er with r~;cm cc:11:pl~x s:gn~!s, deper:dir:9 ;__1;; thP- s:1-e efthe !C, m=m '~ed;r:G!ogy rfoes ;;ct mq'.:ire cG:r:~ct e: 

v:su~! :iri,;: for comrr:t.:nicm:or:. R~c:10 Frequ,;:11cy !de:n:~if1,:ut1on (R:=:!D) techri•:1!ogy is r:c'vv ecori•:1P~:1ca!!y viub:e ~Pd :s c:ep:cyed iri p~:ore 3r:d i~:101·,;: ccrr.rr.ei·,:1al ,3rid i:n:dusti·i~! 

;'.':ppHc;'.':'~icn:~. :=c:r ex,1mp:e, HF:D ·:ec:h;;ckJgy :s new w:(fo!y used fc:· :dt::r::fic:e1:.:cn -:~gs er: i'~erns l:11,,vr.1mho'.:S~s. B:.cr~s, :Dor r.1cceBs c:e1;;._fa, c1:1i;._1;;g u:het·s. :r: ~ck:i~:or:, H.F!O 

·tec~v;o!Qgy has ~J>:en i11tredu•_·ed i11 the paymer:t c::ird industry (sLlch ;;s Ma.st.::r C;;rd, /.\rneric::ir; Expre:.:s and \.':s;::) in t~;e form of ''centa•_·t!es.s·' ,_·redit er p::iyment .;_;ards 

err.bfa!ded with RFID ~or.ir,. Thesf: co:n:~acth":ss r;t:yi-':ent ca:T!s ct:11 be '.~sed tc :-nt:ke f:!ec~ra:n:ic Pff{:'nf:1:t tra11saf.til!llS thrcu9t: rad:c f,l!l:-:1:-:un:catil!I: witt: a:n: RF!D-ent:bled 

payrr.e1;t terrr;1n;::L C-:.11;t;;ct!es.s pay171>:nt :::::ard.s ear: p~.;_Y,,ride ,_·onsurr.e~.s wit~l simp!e, fast ::;1;d :::::cnvenie11t ways to p::iy for product.s ar:d .services. fer examp!e 1n retai! 

~srnbl;ohments, w;;;-~houseo or sup~I· r,~,arkets. 

Soio':e R:"=m tf:ch:n:ckJ9ies a:Y: cl'lai!abk: fo1· Lise i:-: ccr.taf.t:t~ss ~-)ayi-':ent cards a:-:t! ca:d :·f::":ders / ~er:n:1:na:s, Thf: 1:-:a::n: f,l!l:-:pnnentr, l!f a :n:cn-f,l!lltac~ SiS~ei-': a:·f: the 

•-"1"Jn·tac1!e:.:s re::id.::-r (or C•Jup!er Device -:.1p.::-rnting i1; Pr•Jxir:-:ity), 

(PCD)) and a -::ra:n:sp,:11~:c:er. The cor:tact!ess re~der :s u11 3nteriPa -::h3t is ccr:nected tc ~i-: e:e,:ti·oi~:1c c11·-:u:-::. A ~r3r:s::11:::,pder cori::ists ,:if u11 :nductive m1te:n:r:,3 mid an 

:nte91·t:t(:d ci:'C'.~it ccnn(:Cted tG thf: e:n:d;, l!f this a:-:t(:llnOc T;-1(: :'eode:-tran:;pnnder (,01:-:binaticn beh3\/es Eke a t:":":1:stan1:er_ .4r. a!ten1m:r.r-1 Cli:Tellt por,:;es th:G:J9h a pri:na:y 

•-"1"Ji: (the r.::-ader a11ter;na) "d-1;::t c~e;;tes c111 e!ectre111c19r;e·tic f;dd, ·,,vhic~; ir:du-:.;es c1 ,_·urren·t in t~k se-:.;or;dary .;_;oi! (the trc11;spor:der ;;r;tenr:a). n1>: trnnspe11der e:or:vert:.: the 

f:!ectrcrr.a~v:etic fidd (ar RF fif:!d} tra11si-':itted by thf: 11an ·CfJntact :'eode: (PCD} tl! a DC vc!tage by 11:eor.r, l!f a difJdf: :'1:::C~iflN. Th:;, DC v-n!~age foeds the t1·t:1:spcndN's 

:nte;:1Q! ci:·c::_;lts. rhe c:Jr:figu;e1~:cn ;'.':nd ~ur:i:1g cf (1;__1~h r.1:r:enne1:~ deten::i:1~s '~he cG:jp:i:1g P-ff:c::~w;y cf rrne dev:c:e tG lhe ether ·rhe trn:i:~p:J:1de:·s c~r: be contf!c:~l~ss 

payrne:n:~ c~i-d::. 

:=nr cor.tact!ess ~-)ayi-':ent card Sis~eio':s to be ef,l!llan1:ca:!y v-iobk: and tc o;-Jt:":in CfJ:-n:-nf:rc:o! t:cceota:-:ce. cnn~actk::;s payn1er.t f,:":l\!s io':ur,t be :nte:"fJ(Jf:rable •.Y: an o:· 1:-:l!St 

p8yrr:f:r:'~ '~en::i:1Q!s e:1Qb!ed i.'\1i'~h HflO, e\1~r: wh~n ·:he cr.1:ds c1:1d tt::rr:i:1;'.':!B h;'.':\1~ ff:;'.':'~'.:t·es :_H;hnc!ogythcit Qr~ :Jw:1~d by s:jpp!:t::s / :ss:_;t::s, ·,_1endc:·s er rr:,1:1d;'.':c:tu:·e;B Gf 

spec:t:c ,:ard ~erm:n~:s. !ntei·o::1erab:!ity :s convePier:t thrcugi~:out the ii~:c:us~ry. To -::h:s end, c,1·gm1:z~tic-11s ,3rid srnr:d~i-d:: gro:..;ps foi· tho;: :r:du::t1·y (for ex,3m::1:e ~he 

:r:tt::n~·::c:nci: O;gQr:i.rntio;; fer Str.1wfot·dizr.1n:Jr: (!SC} ,1r:C: the !:r:e::1;'.':tic:1Q! :::e;__;:_;o~echr:ic:Q! GGmmi'c:ee (l[C:} hQve fcn::L:!Q:.HJ v;._1:unl,1:y B:.Qr:rfa:ds fer the i:1dL:s~:y tG 

;mpleme,,, c0ntactless p;;yment ced1nolcg;es. l"'Fee of·these exer,,plary ,,tandards ,,,at have bee,1 de·r:ned by the ISO i 11:.C: ;;re ·the I? G / 11:.C 1 IJ5J6, ISO i 11:.C: 14443 and 

:so/ !EC ·15693, :,tt:1:dards appHca;-J!e ~G f,!nse f,l!Up:in9 cards, aperatin9 in prcxirn:~y :":1:d :n:ei9hbad1aod, l"f:spective!i 

n;t: stc1:1;_fards c:f '~he c,1:ds the1~ GpP.:~·:e i;; thP- ,,1:c:nity :Jf :~;D / n: C ·! -:~-:~1..:.:1 (!~;o --: ,n 1 :?,) h,1,1e bP.en :_;sed fr:r vr.1rlG:jS ;__;cnlw/deBs c:ci;d (fop:c:yr~;P.:r:s th:·cughGul ·:he w:Jdd. 

r~;e r;::r:ge Gf Gperatie11:.: :::::he.sen for card.s Gperati119 in prexirrii·ty t-:.11;30 14443 i.s up tc 1 Cl cm. ::i!thGLlQh th:s r;::r:ge varie:.: depe1;ding e11 t~;e energy requ:r.::-mer:ts, memory 

:;:zf:, CPU and co~xocesr,,.x. 

• P;::rt 1. Physic;;! Char;::cte~i:.:t1e:s, define:.: fr1e p~;ysi-:.;a! di111.::-r;sien.s for an lntegr;;ted Cir:::::uit c:a~d t~;at operate.sir: pre::nrnity (PICC). -~he .-_·ard ism-: size (85.6 11v11 x 54.Cl 

mrr: >: 0.76 mm). :;~:1s is the s~P-:e size as a ban~ credit ,:ard. 

• Pt:1·t 7-: Rad:c :=1·f:quer.cy tr.e:·9y ond Signo! ::-:terfoce. deti:n:er, the irr.pfJ:·tant tf:d1:n:ict:! cha:·acte:,istic:; at ~he no1:-cor.tact :c ch:pr,, :r.c:ud:r.r-1 t:spect:, s:...:c;-1 as frequf:1:cy, 

data ~;;t.::-, rr.edulatior: c11;d !3its c•Jding prcc.::-dures. ;r; p;::rt 2, t'No v;;r:atior:s are deta:ied, t~1>: type A interfo:::::e ::ir;d fr1e type Li i11terfa-:.;e. oo·th eper;;te or: the s;::r:-:e freq:)ency 

3nd use the s3rr:e c:uta r3~e, bu-:: difter iri ti~:e 3re,3::; at modt.:!~tic,11 3r:d bit ccdii~:q. 

• Pt:1·t 3: :r.itit:!izatio1: a:n:d a1:ti-cd!:s:cr., the initialization de:;cr:ber, the requi1·f:11:en~s fer thf: ca:...:pk:1· t!evice cpe:·ati1:g :r. ~xos:::n:1ity (PCD} (:e thf: reader) and the ca:·d to 

esc1.1bl:sh cornrnuniccatI0n wben the card iB take,1 co the ra,i;c. frequency {RI') ·r:eld of tbe reader. An·t:-wllisic1:1 rfor:nec: "":1;;c haape,E' w:ier, multi;)e c1.1,,L ente, the 

magn~tIc fie:,1 m ,he oame tim~, id~r,t1fy:ng how th~ syotem detecm;;~,es wh:ch card ,o use :nth~ trnns3ct;c•n 3nd ensuring that 311 ca eds p;-~ssnted ,;re :nven,oc:ed ;;r,d 

processHJ. 

:=or a p,3yme:n:~ c~1·d systern 3r:d ,:011-::act!e::s c~i-d readers t•:1 comp!y \111ith !SO : 4443, ti~:ey mu::t meet the req:.i:remei~:ts ot 3t !,;:us~ s-:F:7':: of the p~iis c,f the v,:1:unrnry 

:;tandard. :1: additi•.Y: tn ccntact!esr, tf:chr.c!o9ies t;-1:":t a:,e standa1\!ized in au;a:T!a:n:cf: 1Nith !SO ·i 1~ 1~1~3. var:cur, pme:n:~ed :-:l!ll ·CGntrKt in~erfoce:, a:,e a!:;n :...:sfa! ::n: thf: 

ind:)stry (eg C:u~J:!'.s GC:-C;::rd c11;d Sony-s f-'.diCa c;;rd), VI/1th depioyr:-:e11t.s Gf ex::.:ting c;;rd te:::::htwlouy, ir:tercpe~;;bi!ity e:;::r: ~J>: a prcb!.::-m. Card read.::-r:.: dep!•Jyed ~JY vendors 

:n t;-1f: n1orket :;!10:...:kJ p1·efo:'ab:y ha:...:sf: se-../eral diffe:e:-:t typer, l!f cords. F-tx exa:-np!e, a des:1·t:b!e f,art! :'eode: 11110:...:!d :;uppcn ~ypf: ~. and ty~-)e 8 ca:·•:fa af !SC 1 •~~~43, !SO 

156q:: C:Qrds ;'.':nd :~Gme typt: of 8dd::_:cn~: pQ:.H1IP.d c:e1rd 

:r:tereper;;bi:ity prGb:e111.s e:;::n ;;r:se e,,rer: v1ifr1 dep!Gyrr:e1;ts of card.s tha-t ;::re :.:upposed tG cerr:p!y 1,,1,,·1th;:: .sing:e ;so .stand;::rd (for ex;;mp!e isc: 1i!.i!.43). !n ISO 14i!.i!.3, a!; 

requi:"f:1:-:en~s fJ:' :,pecifv.atio:n:s 1·f:!med tc m=- energy a:n:d :,igno! :1:te:taces in ~he Cl!lltac~:e:,s ca:·d and readf:r sy:,tf:11: {ie, tt:e phys:ca: loye:, ::n: a:-: o~-)f:11 Sy:,tern 

:r:tt::cor:necti!"J:1 (DS!) rr:rxfo! ·,_1:ew) cf ,1 sys-:et::) me ;_fofi:1ed :_;sing :r:depe:1dt:rr: stf!tKfardlJ..ed :.~s-:s fr:rthe c~:ds e1;;d fo: lhe ree1dt:rs. P;'.':t--: h (!~;o ·wJ?3-6) cf thP- !~;o / !EG 

10373 st~i-:c:ard de~:1ng with an~:~r:::c~: me~hcds, wi~:1ch ~i-e spe-:itk tc ri,:1P-cor:tact 111tegrn~ed -:irc:..;it ,:md -::echri•:1!ogy (•:mc:s ~hat 0::1,;:rnte in p1·,:i:<::rr:ity). The c,:11~:1p!:3n,:,;: at 

cci;dB ~r:C: :·eQ(fo:s wllh!°J'.:'~ e;;._1:1~QCI w:~:, !SO·: 4-:~-:~:: i:~ ,1e;if':wJ L:s:r:g ·:he :·efer~r:ce d~1ric:~s. !n r.1ccerdc1:1cf: 1,,vith :~;D ·i D:1?3-6, ;'.': BHles of ·•:·eferH1:;e'' ;__;r,1rds (:e, :P.fo:enc:~ 

P!CC), w~H..::h rep~e:.:er:ts t~k :::::hc1rc1,_·ter1s·tic.s Gf the c;;rds ir: •-"1"Jntact, 1s u.s.::-d ·to r:-:e::isLlre c•J171p!i;::r:c.::- Y11:t~1 the sp.::-cific::it:on of a 1vJr;-eor:tact r.::-ader. (Se.::- for exc1111:)e 

Fi9'.~1·f: lo)_ Fo:· f:xarr.ph":, the 1·f:forence r:cc i:; :..1sed h! test thf: 11:ag:n:etif. fie!d p1·ot!uced •.x t:·t:1:s:n:1:t~ed ;-)ya PCO. t:11d ~o te:,t tt:e obi:ity cf thf: PCD tc foed o P!CC, Si:ni:ady, 

;; "·reforer:ce" reader (ie,;:: te.st Gr reforer:c.::- PCD), whidi :::::an ~epresent t~k :::::hc1r::;,_·ter1stic.s Gf a WPlf..::3! •-"1"Jntac1!e:.:s read.::-r, i.s Llsed to rnea.s:)r>: :::::cr:-:p!:ance i.Vith the 

opsc;f;cm:cn -:,f conrnctl~os c;;1·do. Fee ~xampl~, ,he ,~fo1·ff,ce PC:O :n conjunct;c•n w;th a p3;I· c-f extecn3: sensing c-:,;!s io used tc-test th~ r,~,odu:3tio;-, ofths c:~,me;e 

ge:1~mtwJ by lhe c:Qrds dL:ring :.~s-::ng. 

https://patents.google.com/patentiMX200700054f.lA/en?oq=MX2007000546 2/12 Page 01779



1 /7 /22, 6::":'.7 AM MX2007000546A - Contactless payment card reader with a frusto-conical operating volume. - Google P;itents 

Whik the ii~:c;epend-::Pt proced~.v-::s cf c::Fd mid re3d-::r comp!i~nce t-2::t1ng iri accord:F:ce '.<Vith !SO 1 C:373-6 c3n guarar:-::ee ti~:ut the de::1!oyed prod:.ict d-2v:c-2s e3,:h h3ve 

fer.1turP.s 1he1~ fi:l:! 1,,v:thir1 the spec::ne~'~ic:nB mr1ges rfosig;;wJ for cci:·dB ,1::C: :·eQ(fors, ~h~ pr:"Jced:_;r~s de ;;c:. giH:t·~r:tee i::'~erc:pe;e1bl!:':J' In H:e r:t:!d. n,~ :;8rds ;rnd / :Y rec1de;B 

,,re rifted as -:::orr;p!iant •:an cn!y be argin3!!y s-::1 (fer -examp!-e by ~vNing a cha~a•:terist:c V3!u-: a-t the >:Pd or the limit cf a desifflQt>:d rar:9e of spec:lk31ic:1:.:). This f-:vtr: •A 

cen1p:ia:-:ce with standarc:s ca:-: lead to eperaticnt:! taihJ:-::s :r. t~1f: tiekJ. For ext:1·-r:p!e, a ca:d t~1:":t 11:eets :-nt:rginoBy r.":oy be n•,Y:-readobh": or d:ff1f .. Li!t to reod Lis:r.r-1 :": cord 

read-er t~;at or:!y marg:r:any 111-eets as we!L 

;r; addit:•JP, i.-1nth resp.::-e:t ·to the -,,reriftc;;t1rx1 cf the t~a1;srn:s.s1rx1 a:1d ree:epti.;.:i1; Gf impcna:-:t data f~.;J171 r;rx1-cc:1ta•_·t dev:e:e fun-:.::t:Gns, !!30 1 GT/3-6 :11a~es pr•Y.fis:•JP for on:y 

:11d:rect :-nf:asure:nf:1:ts cf ~he data sl~v:als 1111:~h rr.cd:J:ated kJt:c: genf::":":tf:d by tt:e ca:-d:,. A PCD tf:st as:,ernbly presc:it·--;fa! by ISO ·i G373 -s tc tf:st prod:..:ct ca:'tis ha:; a pa:r 

of s-er;sir:g •-'fJi:s t~;at are externa: tc t~1>: referer:c.::- PCD ~-eader. n1>:se -extern3! .sensi1;g cciL: are u:.:ed tc 111-eas:..;re the da-ta s:gna: v1ifr1 rr.cdulated !.;.:i;;d gen-e~;;t.::-d 3r:d 

-::rar:smitt-2c; by ti-:e card ~Pder-::est Nc'.<vevei~ -::here is r:c d1rec-:: er cbvio:..:s 1·-::im:cr:s;-:1p betvveer: tho:: rnodul:3t-2c; charg-2 s:gn:3! measured by the s-2Ps:r:g -:o::s mid -::he ::igr:a! 

~f;r,1t is pf;ysic,1!:y rw;ei-,,red by·:he :·efe;er:ce FCD ;'.':r:1e:1;;r,1_ -:-he:·efe:·e, ·:es1i:1g thf: dc1tc1 :_;Qr:smis:~i:'"Jr: fL:ti;._-::_:Gns ef c1 prGdu:/~ cclrd using :.hf: ex:.H;;,1! s~r:sing <xJi!s prG1rides 

d1rec-:: ass:.irar:c-:: thm 3 pi·o-:bct card i-:1,:11Ju!3-:::cn ti-:ut :s p~t~t1ve!y comp;iar:-:: with -::he ;so of th-2 darn signa!s 1s s~rnc:erit 01· compatitde witi-: the atidi-::y of~ prod:..:ct re~1::;er 

to recelv·e er p:cf .. f:ss apprc!p:,ime!y" n1odulatfa! do~o :,lgnoh. 

:=:Q:.H1I ~pp!:cff:ic:r:s US N; s, N; s, r.1wJ !">~ / s, de:~c:ibe :~cd::'~ic:n.s tG it::prc:vt: ·:he :r:tHGpet·d:iHty ef devices bc1s~d or: :;~1prove11:e;;:_:~ ir: the deftn:~:Gr:s c:f the spec:nc;'.':'~ien.s, 

ti-:e reteren,:e equi::1P-:en-:: and ti-:e ccrr.p!1ar:ce tes-::s re!uted -::o the RF er:ergy 3r:d tho:: sigriu! intei·fac-:: betw-::er: the card iritH~ctir:g d-::v:c-2s 3nd 1·0::ader. 

Other wt:ys tfJ l11:p:\1ve tt:e :nte:"fJ(Jf:rab:Hty" ot ek:ct1·01:ic payr:1ent de;icf:S ore :-:cN'! ~Jf:lng token intfJ aeccunt and ob .. 1 -::o r.":oke -::he fJ~-Jf:ratior: cf :cb:Et ar:d fa::-sofe 

~!ectrc:n:c :;c:ntc1;_-::_:f:ss p,1y11:e;;:_ sy.s:.Hr:s. /fc:er:1ie:1 Is tK1w be:;;g direc~ed IG ;'.':Sp~e:s ef e:P.:/~ror:k-: p~y:11er:t sy:~tt:ms re!QtHJ ·:o the phys:c~! ;_-:h,1:~c1e:·i.s:.:cs cl;;d 

d1mer:sions cf c,:1Ptuc-::!es:: payT:-:en-:: devices. 

C:JMPE~O!UM er- THE !N'✓-EN::c,~.J .4 U!11tac~:e:,s ca:d 1·f:ader ha:, a "frus~c-co:-:lco1·· o~-)e:,at:'H: vd:J:-nf: tho~ i:, eor:TI[-!:J:"fa! as:": eyH11der that :·f:dLieer, Its sfa':tlon tc a 

~;u;;ca:ed ;_-:or:f:. /},:-: HF Qr:tP.:1:-:c1 ci:c::it g~r:e:;'.':·~es t:!ect:'t111:8gr:P.ilc RF GpP.:~·:ic:r: f':t:!ds fo:· po'✓,ter c1:1d cot::t::L:n:c~·:ic:r: wi'~h the p,1y:11er:t C;'.':t·ds p!~ced l:1-~he f:·u.s:.ovJ:1ic8! 

,:1perm:r:g vo:l_:rr.e. The RF ~Ptenr:a, whi-:h :s udjL:st-21::; to 3pprcx1mme!y m!::LS6 MN:z, is p!3c-2d abcL:t 15 cm below 3 covei·-21::; p:ate, \111hich so::1·ves ~s 3 !~nd:r:g ::1lar:e fer th-2 

:ec1der. -:-he .sr~;,1!:e:· d:,1me·~er bcl:~f: c:f -~he f:·u.s:.ovJ:1icQ! ope:·c1t:;;g ,1e!:_;r~;f: rests Gn -~he :r.1wJin9 p!~r:e. ThP- c:pe;cl:_:Gn~: RF ~":t:k!s (:t:, the ne;'.':t·-ftekJ m~gr:e~:c -~ekh Hov 

ge:1>:rnted by the R~ ar;tenna :r; the cp-er;;ting v•J!ume :1; a fr:.is1c-c•Jr;ica! rr;anner a~-e spec:ned le fe.::-d ar:d •-'fJrPrP:Jr:ic;;te \111:t~; nor:-c.:,v;t;;ct p3yrr;en·t ca:d.s of differer:1 

or:g1:-: that can be placed In the cpe:·tfi1:g 'HJ:Lirne In a tnis~occn:ca: 11Vcl'/. 

:r: ;_1;;t; ver:~i:Jr: ef the m,1det~ the RF 8;;tH1:"1;'.': hQs c1 d:r.1me·~et· c:f c1pproxit::c11e!y? ;_-:r~; ,1:-:d ::~ p;c1;_-:HJ ;'.':1 c1 Dxed dls-:;'.':r:c~ :Jf ~pprc:x.lrr:,11e:y ·! 5 c:11 bt:!01,,v thP- !c1;;dl:1g p!Qne. rhe 

frustoc.:,_1:i:r_;:3! pGrti•J1; of the fr:..;st<.X':GPica! Gpernting vo!u:11-2 has ;;r; 3x:a! !e1;gth of 3bcut 1 em,;; sr:-:a!; base diar:-:ete: •A ;;bG:.i·t 1 071 and a !arue ba:.:e diarr;eter of 3bcut 3 

c. Tt:e cyHr:drict:! pcr:::or. fJf t~1f: fr'.istoccnical CON:":tl11g vo!un1e f .. y:indf:r po:ilnn hrF, a dlt:1:-:ete:, ot opp:cxin1me!y" 3 crn and on ax:a! !er.r-1th of approxl:-nt:tf:!y 5 er:1. 

The i·-2uder with the fr:..:sto,:011:ca! operating vo!um-:: c3n ;:1e ccnfigured with a referei-:ce re:3der who::e exto::1T:a! bei-:uvior is representm:v-2 of the b-21-:uvioi· ,:if ti-:e d:fterent 

reodN:; deployed :1: ar: f::ec~ror:if .. pay:w:1:t sy:;ten1, The c:rcult of tt:e RF ontf::-:11a i:, eor:TI[-!:J:"fa! tn genf:1·ate o :na~me-:::c fo":!d Hnv :1: a fr:.istcc•,Y:lcol (!perm:r.r-1 vo:urr.e that 

:s rep:e:.:en·tat:v.::- of-the :11a9r;e·t:c f;e!ds •A ....-ipera-tir:g -,,ro!urr.e Gf the differe:1t ~-eaders d-ep!◊y-ed ::-: the e:e.:,_-:t~.:,_1:i:r..:: paymer:t system. r~;e refereri.;_-:e read-e~ car: be used :n 3r: 

:":11a:ys:s (J:"fJCed:..:re tfJ charocte:·:ze the f'.il:e-:::or.a! nr operotifJnt:! be~1:":v:cr cf thf: pay:w:1:t cordr,. 0'.i1·:11g o te:;t p:\1ced:J:"f:, ~he :"fa':ep~:cn (!f tt:e doto :":1:d -::he :;enslt:v:~y of 

·:he ~r:P.:gy of :_f;t; pc1yr~;P.:r: ccl;d p!~ced Ir: the f;u:~tGc:Jr:icQ! ope:·8~:;;g v;_1lurr:f: me ;~1t:8SL::·ed ·n1e pi:lymer:t ;_-:r.1rd :jr:(:e; ~esl is p!w;ed In diffore:1~ or:t::r:~·:ic:r:s ,1:1d i:1 ,1 

different i:,c-si,icn ;n ,he frustoconice3: operating vcl1Fn~ to 3;;-,i;;lme the use ofth~ card f1~ld. 

C:the:· characte:l:;tles fJft~1f: :r:'H:lltior:, Its r.at:J:"f: and the t!iffe:,en-:: odv·an-::age:, 1Ni:! be :no:·f: e'liden-:: t:\1n1 -::he aceor.":pany:r.r-1 d1·t:win9:; or.d t~1f: fn!:cwlng rk:tai!ed 

de.sc:irJ:ior:. 

8RlEJ- DCSCR!Pr!ON o;: ·r!-ll DRA.W!NGS Figure 1 is a dernor:st:ati•J1; of a fr:.is1coJr;ica! Gr tr:)Pt:3ted ,_·Gne g-e•Jrr;etry cf1he rr;1n:r:-:urr. •Jperatior:a! vc!u171>: of 3r: -exer:-:p!;;ry 

:Y:ader de:,lgr:ed :11 ocu!1\!ance w:th thf: p:,inCl~-):es fJf thf: p:,ese:-:t ln'H::-:tlnn 

i=ig~1·0:: 5 is a demori::trnt1on cf 3 ser:es of gecr:-:etr; position:: :r: vvh:ch a par:::cu;ur p3yi-:1ent card is pl:3-:ed iri the frusc-:F:IC cp-2i-~tiPg v,:1;ume cf th-2 PuyP3s::; reterer:c-:: 

reodN to s:rr.u!ate -::he :Ee cf the payrr.e:-:t eard fif::d :r. :": eord-ter,t:1:g procedLire :r. :":cccrdonu·~ w:tt: the p:lncip:e:, nf the p:e:;en-:: inv·er:~:cn. 

DE"U\!LED DESCr<n=•-r-:ot,J D!= -:-:-:i: !N\/U•r:-:cN n;t: pt·eser:t ir:\1H1il:Jr: p:'l'wides r.1n c1n-;'.':r:ger~;t::r: of-~he c,1:d :ec1der :_f;r,1t h;'.':s Q fr:_;sl:J-cen:c~: ;_1p~mn:1g vGhjme. n;t: ope:·c1~:;;g 

v,:1;ume iri a trus-::o-coi-:1c3! i-:1~Pner ha:: defin-21::; :r:tens1ties ,:1fti-:e m3gn-2tic fie!1::; thm are ~ppropri3-::e fer rcbu::t ar:d ,:i:,ps:st-2i-:t in-::eracti•:1PS w1th-::he p~yment-:ards 

ope:·at:1:g by pl\'!Xirr.lty" presf:1:ted or placed 1:-: the cpe:·tfi1:g ·,_10:un1ec r-:gu:,e : :,ht1\l\ff, an exan1p:e of a frLis-::occnica: fJ(Jf:ratlng ·v(!!:.ir:1e df:fin:~:cn frJ:· :": reader. 

-:-he ;er.1det· cltr;'.':y C;'.':r: bt: :jsed ,1s 8 r~ft::P.:K:e (Jf;v:cf: ·~o te.s:. <xJmp!iQr:ce wi·:h -~he spec:fa_:~·:ic:n.s Gf the prc:duct p~y;~1~r:1 :;mds l\:~ ;'.':r, ex;'.':t::p!e, -~he :=:i:lyP~ss mft::P.r:ce 

cead~1· (:=1guce 2:, which is riesccio~d in th~ United States pment CJi:,plicCJ,;.:,n N / S, can 1:-e designed to hav~ an cpe,;,;onai ,olun,e ;n 3 frustocc-nic31 tc• ev,;lu3,e o;· -:,1:-ser,~ 

~f;t; behclvic:rs Qr:d effldP.:K:y :Jf lhe pi:lyment ;_-:r.1rds. 

-:-he Qr;Qr:get::e:1~ of ~f;t; ir:vt::r:iv~ rP-~de:· ::~ described h~r~ir: i:1 thP- c;_1:1~ex-: of irnp!Hr:f:r:'~;'.':-~ie:i:~ :Jf e!ectror:i:; p8yment .syste:1r~ ir: which :_f;t; specifa--:8~:cr:s efthe 

ccrit:3-:tless paymo::Pt device ai·-2 in-::er:d-2d to ccnferr:-: tc ~ cor:-:r:-:cn ind:.istry standard, s:..:ch us !SO ~ 1443., vvh:ch a!sc ::pecif;es st:3i-:1Jard::z-21::; test rr.-2th•:11::;s (:e, lSO 

1 c::rr;::-n ~esl me-~hc:ds, cc1;d.s lh~·: c:pe;cl~e Ir: p:'(1xlmi•~y} fc:r the verifi;_-:r.1n:J:1 ef the spec:nc;'.':'~ien c.f l:1divld:j;'.':! ;;Gr1-:;c:ntc1;_-::. p,1y:11er:t de\1:ces. ir: :ece;;:_ :.:rr:P.s, thP­

:ntern3ticnal Maste~ C:a:d t~a1;sferee ("f\1a.st.::-r Care;'") has d-evek1ped fr1e p;;tented specifi.:,_-:at1ons M;;ster Card P3y-P;;ss ,,. isc: / :EC 14i!.i!.3 :mp!e171>:ntat:or: .specif;,_·atior: 

('"Pay-Pass··:: for ~he :11:plerr.e:-:t:":t:n11 cf payn1er.t ct:1·d technfJ:(!gier, tt:at they (!pero~e ::-: proxl:-n:ty (ttx exa:-np!e by" :s:,Lie:,s. ver.rfo:;, nr 11:ar:ufact:J:"N:':;; of cord;, (!r eord 

read-er:.:)_ The PayPass :rr;p!er:-:e:1tat:Gn :s 1r1 ao_-rJrdance with ;sc: 1i!.i!.43 3r:d pr•Jvide:.: a 0J1;ven:.::-nt ex;;rr;p!e that :.:how:.: the p:i:v_·ip:e.s of the p:e:.:er:t itwer:t:cn, !t \lldn be 

und~1·otc-od ,hat th~ sel~ct1on cf the P,;yP3ss in,ple;-,irntmion fer p1Fp-:,oes of dlustrnti•Y, herein is b1Jt c-ne exam pie, acd th,;, ,:-,e prinq)les c-f the presrnt invention 'TBY 

bt: ;'.':ppHP-d 11:ere gt::1ern!:yh: e!P.c'~t·or:k-: p~y:11~r:t de\1:ces QrJd sys-:et::s opP.:~·:ir:g :_;r:rfo: (/~he:· :;;dus·~:"y .str.1wfot·ds, :;c:t::t::en er prcpe:ty. 

vv:1h :,ef-er.::-r;ce k1 Fig:..;re 2, fr1e PayPass ~-ef.::-rence ~-eader indudes an R~ a1;t.::-r;n3 2DO wh:,_·h :s desi9:1ed ·to res•Jr;ate a113_S6 ~viHz. rh-e an·ter:na Gf the read.::-r 200 i.s 

printed c-n 3 circuit boe31·d 21 O which ;s plCJced at" certain d;srncc~ fl".y,1 beicw. 3 covw~d plate c:oo (Figuce 4). The c-:,ver pl,;,~ 400 cun swve 38" iand;n~ ple3;-,e, thCJ, 1s,,; 

;~wfot· su;fo;_-:~. i;; wh:ch ;'.': ;_-:r.1rdh!°Jk!e:· ;_-:r,1n p!8Cf: hi:~ fJ;'.':~F~IH1I cc1:·d fo:· p;;_1cP.ss:r:g. !r: ~":t:!d u.st:, the cuver p!~·~e -~cio rr:~y h,1,1e r.1pp::Jp:ic11e guide :118rks c:r k1gos ·:hc11 CQr: 

v:su~ny 1J1rec-:: a ;-:older tc th-2 positi•:1i-:s cho::er: fer -::he ::1lacemo::Pt of h:s paym-2Pt c3rd fer the processing cf the ti·:3ps3ctioi-:s. 

A :arid111g pl:3Pe defv:es the base ,:1fti-:e :r:vert-::d trus-::occriica! o::1erating vo!:..:r:-:e w:-::h th-2 axis of the fr:.istcc,:1Pical oper3-:::r:g vo:um-2 be:ng qenera!;y n,:ym:3; to-::he surfoce 

of :_f;t; :c1:1dlng p!i:lr:f:. rhe r.1:r:er:ni:"l cf thP- t·ec1der h,1s 8 cit·cldQr shc1pe, ;'.':tKi gP-:1ernte.s m~gr:e~:c fjekh lh;'.':'~ c1:·e us::c1!:y cy!:r:d:kr.1!:y sy:11:11~:_;:c,1: c1;;_1u;;rJ ·:he :10;:118! p:c1:1~ :Jf 
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