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BACKGRClJND OF THE | NVENTI tion The present
invention relates to electronic devices for use with a universal serial bus
20 (USB). More particularly, the invention relates to circuitry that

| nproves comon node PRUSS-REFERENCE TORPLATEDSAPPLIGXHIONIS, such as in
USB- conpat i bl e vi ces, and f.acj es c nectl of ..devi c such as USB
devi ces, g to a hg@fe prezsentlﬂgglé‘ia{lﬁ 15(57‘}”8‘% torthe 8%("%43 g&pﬂlb“r?ﬂg?s tngt %% andar d.

i nterfaces esightd foQke a@RLNIENRES dsne predeneplicitibg ahd arRheRby ncoipyrated.

Referring to FI G 1 a conventional information handling system 100 is
shown. The B§eindmral G'G“‘f?akes use of the universal serial bus ("USB") 12S for

connecting a hosvim&%ﬂ%ﬁ@ev(cak&qokﬂ@&kseémﬂauma@sﬁéuh%&al)Sehgl Busnumber of
devi ces, known as USB devices, such as a ssigtdh rinter 140, keyboard
gglatedp

14S, t r ackbRowngsgm Reseived:igaplelAR apd PN filiy yid 2_6%9@ SO IHEBE such

devi ce 3}§S. E@ﬁ@ R08oREt dohgo.6R%i-ces 13S, 140, etc. is coupled to the USB
12S via resB l|zil/e c())rts | 30 of!]the hub 110. The USB is currently defined

by the Uni ver sal "Mgthodsand Bppargiys forfGammynigatiog with & Hoath flingdpte Bepembet d by USB
| mpl enent er at gmwﬁgcldgt[ﬁgﬂ%%gggggke&?Wep%@Mﬁ)n founded by the group of

conmpani es t evel opé pecitication

Ser a " i

BACKGROUND OF THE INVENTION «Gi00002*
15 1. Field of the Invention

. e3el zI zz{d| LH} ~6&TzkwF  METHOD AND APPARATUS FOR COMMUNI CATING W TH A @
ne

The present invention relates to electronic devices for use with a universal serial bus
(USB). More particularly, the invention relates to circuitry that improves common mode
performance of transmitters or receivers, such as in USB-compatible devices, and
facilitates connection of devices, such as USB devices, to a host.
20 2. Description of Related Art
A number of standard interfaces exist for communicating between a host and a
device. Referring to FIG. 1, a conventional information handling system 100 is shown.
The system 100 makes use of the universal serial bus ("USB") 125 for connecting a host
computer (aiso known simply as a “host”) to a number of devices, known as USB devices,
25  such as a display 135, printer 140, keyboard 145, trackball 150, optical scanner 155, disk
drive 160 and other such device 165. Each one of the devices 135, 140, etc. is coupled to
the USB 125 via respective ports 130 of the hub 110.
The USB is currently defined by the Universal Serial Bus Specification written and
controlled by USB Implementers Forum, Inc., a non-profit corporation founded by the
30 group of companies that developed the USB Specification. In particular, Universal Serial
Bus Specification, revision 1.1, dated septembcr 23, 1998 (the "USB Specification"),



Bus Specification, revision | .I, dated Septenber 23, 1998 (the "USB

Speci fication"), 2 Chapter 5 "USB Data Fl ow Model ," Chapter 7

"El ectri ogl.0y4893¢ Chapter 8 "Protocol Layer" are hereby i peenusor/ad2ed herein
by reference. According to the USB Specification 1.1, USB devices may

i ncl ude both | ow speed and full speed d&vices. Low speed devices transfer
data at a transmission rate of 1.5 WMHz and full speed devices transfer data
at a rate othép%rwlﬂz}s@@stapewwanemﬁtéﬁd E@&tﬁcemﬂalc%ﬁkpwrbte@o‘i LaJé}at s,
the USB device transmts a differential output signal or receives

di f f er ent i areiheighiy mﬁpr@nﬁteddlﬁfetﬂrfé’sféfe@@%hunl cation i nes In the | ow speed
node, the differ St , red to
as the "J" stat eg&to* |§J‘g%B g&é\}gﬁ%&gl ev%EF 3{;/1%93{ U%%? 5@‘?‘{' ggneg&a
second st at and fullepeel’dewtest &owi speeﬂ)deweesaltana’emtatataag eahsaussllon]r@te abbSMihat of
D.Intef e i I 1saf|rst
state, qé#ull?@e?ﬁ%ﬂ?&%ﬁngfgda@aféggactﬁe&algzgv[ ngnt% € ﬁl %t D, and a
second st at eomrhindcatidh linesatThat is,fthd HSB devdte teanwaits agﬁeieﬁuﬂlou@bm@at drat of D-.

The dlfferentlal Lves.better protection against, ground shifts and
01 se. si neoReHE Ry B OBl PGrel e R oBhaEn R 1) ORB PTG o

\t;ol L ag]e I ﬁv&lleshfgdnﬂnaas‘ngaabmltihaﬁubﬁsclogfeﬂ sgute;ueflehalhb bs the OJ” mhsf@ﬁfsfaE@tl ng .
oth of the 15 di renti ignals in,a simlar manner. A host cts the
presence of Vétaa% VE@ %@at ‘%ﬁj gﬂé@@é@%%ﬁ%ﬂ‘ﬁ eSt ?ﬁﬁs ﬁ&r"i"ﬁ@ge ?1"“’?
attachmpmt pHRE that DL, &n @lfe! NEE;&e@ho&@%e}l@ffémﬁtﬁOsngﬁHﬁ indR¥ie§ & fifsk Statethe
tri-state. Detection of the achment is based on a certain connection on

the port 130Koftats iHRHHIs g3 ‘10558351?"6} bejgw thgtafdey andapeppndistates the & state if

Li kewi se, dewgzétla%wge 1%?5%5 tﬂahﬁme%ealfféenqweagﬁ Bed BrtbOMoREoA0 ful |
speed node al so depends on the pull-up resistor connection. Referring now
to FIGs 2 egpipseromdshifis agd soise sinqethgreeaivedsigneevedis dgterminpd by cangmringvi ce,
of the | ow gheRika A pondi ng
port 130, I APl et 0 Bt CeProTRERhINebr A Rl el POR Y N
full spékd diffiercatigl signalain @eimiler mannecei ver 240 of the correspondi ng port

| 30. The | ow spe u r ted
bet ween positi veggggt% gﬂegtgg{g ke@encgéagbwlcg @hgéﬁ({l&%ﬁhglonﬁeﬁugg %98\.[#% full
speed devi cel Qttﬁbl@lerﬁphésamhlhelrmrs bf ﬂhppo@ﬂ&andrdeﬁllcé)axemntnesmtedDbte:ttwnerﬁ t he

positive vo e nd.the Dt sSi i
accordi ng t(%1 eta ach@%%f gﬁ%sg‘lg ?%g rgg'ncon?%gor\l/%ﬂ] |1§€% a%‘ﬁ]l uflrimssf?f%?)yl ng the

pul | -up resassdmwted Wzthltlfefdemethlkmse tiéteﬁtnoﬂfofbvhah&pleacdefvloedh opetatingin Iowep! i ed
by the | 30 %fp?e Si naI pe 2% 5% VBUS. Thus, the 30 resistor, for
exanpl e’ V\,hf‘ﬁlt‘?p? B f?'i/t ERVIEPREPISIOR Coeetionat ed circuitry of the

USB device in ti’(ecfﬁifilnghoﬁltdFIG’Q &idBpri®d shywi 4 faRuittey 250 sQaysieNUSHE 2| 3,
and not the, K VBUS éfb E’Q‘bg ?512 unl es addi t,i 009{ Q circuit ry s al sg included
coupl ed to HRES}? Pegs! Yesiki ‘itu]ﬁ faferegdyer g of B capPRingportie0 pul | -up

resistor. ThEs, Brsﬁéemea@fmﬁémmwdtypi@alm c&-,tvee el ¥pde Qarkety, 36 l'ine
212, for | ow speed Een&}erals Qr on only heD+S|g al line 21 for full
speed peri pwearrgcpegver e ee%rgesmdm&ﬁaqtA%Q:eTwowsecewﬁﬁeq G ¥ pulrap

di fferensi alesRiofDA iskbmi¥iel BetVeR ﬁo‘éﬁ@@%]@a&@éon?a%pﬂﬁematthé - sné‘:h%llt Hstg20n the

signal lines. In other words, due to the resistor, the anplitudes of the
si gnal swi ngae HH sperd dsyigndilGi 3)@@%thapb"'HbfeStSﬁ>ezé(h‘Pﬁ§"m behveces thgpabigvelo not

change at -t 8ugo8RuRS P anitheD PSERITRRE 215, NGE MR RBGhE f @ URBVer @l reasons,

i ncluding incréases In
Specification, the voltage level of 211 supplying the pull-up resistor is different than that of

the specified voltage supplied by the port 130 on the signal line 220 by VBus. Thus, the
30 resistor, for example, which is conventionally external to integrated circuitry of the USB

device in the prior art, is supplied by its own voltage contact 213, and not the VBUS line



radi ation, received bit length variation and data stream skew. Aspects of
these problens |10 are addressed in U S. Patents 5,905,389 and 5, 912, 569
(the "Al lwpanbakents”) by introducing a delay circuit inperaseiudBe two
USB transmitters. Wiile this mtigates the problens, it does not fully
elimnate the inbalance in the differenBial signal arising fromthe single
pul | -up resistor. The presence of the pull-up resistor on one of the
communi cat i gy, |dn[é§ssa(ﬁtt§)9algdlr\'5 ﬁ'ﬁl@l%‘ 1§(§u&e@ c@ﬁ}h&f to'tl%gl'i{f%QZO tGontigisy feCONCEr NS
power consunpt’i on by the per era . S. Pat ent . 6,076,119 (the
"Maenura et valtageémsemlyl)\grthqnugdm@gsm switch bet ween the pul |l -up resistor
and a termnal vehd pdgncdbBneh 1wl%s@tw&mxﬁﬁb@Cfsigﬁahmg%f?mm@e%dthe

pul | -up resistor a deV|c IS I noperative. Thrs Uces

consunpt i on periphgradd, goorsoxrmthefl)b‘sgrmbhmﬂﬁn@t fudrspéed mrlﬁmals,mnmpucteeant hat a

+ physi cal Ly [ | Sicd ' t n ddress
the i n1:)aI5anglgg%lﬂ%%é%ﬁ‘]1 n@?t\é{ gfsat}]%g%gle{agﬁaﬁéﬁg\fﬁm oﬁ%@#&gg%q@%ﬂ% @%e@m ngl e

pul | -up r esiostpots odtld m@abh’xmsain' mthlermfordshduecteﬂieceslstdmm'e lamplitudswe theaipoalr ns

suitability for "smart ca nect h B. Ref rrlng
now 1o FI G Siies 5% g alena PR 5ol F smsin® et 38 ni hpnatad P sut e oo
modul e (" | CiNihjs adyifimetiy is>pesblénatie f@x&é@br&li&sorﬁl mwgg ineEases ik EMVRIFT USB

peri pheral s have 25 the USB requjr.ed si st or ed externally,

e 2 o obi GG oE e TR PR ICugth et o e e o S R PESRF G whi ch
is carrijgd iare sddweded el UY. PEiits S, 9351989@5531Eww(tnen‘sxenem%awﬂﬁé”mrmved froma
reader. Furthernore, since smart cards ¢Q gatl ble with |1 S07816 standard are

in wi despr ed¥roduing a delay gipuitim gnesfithe two nseiteess Whilsithis ppfigatgstheer of
contacts on pdbenf Ridbesdk lidiifihat the Wlah@élh%efd?ffenjeﬁﬁl SBRd a6 po Of
smart cards. This 30 also gives rise to difficulties in connectlng an
external redhestingle pull-¢p SHSIPE card. In addition to the above described

probl ems associ aigdy, ee@énbe §Hﬁé Etﬁfum&im)f ﬁﬂoré%‘i'tﬁe% ﬂicaﬂldnrﬂnteé%l P@vesON Smart
cards, the conventi onal up resistor iIs tic for
readers 1§sedisaiordthes pspes. éhned@uff crpngtrrr@qaveus@surapﬁm byath¢ mmherwow $ datent vel y
centralized | tomatic
teller nachll\floggoztf?%)do nt o sa égc%'éét%ﬂﬁ)gﬁ@&?%é nu g%w@ggﬁé ctions per
smart card mesistierand g tdninglal vdﬁagd:, thx;eini the swithselagplelyohdcomestsélmgiuilapart card
reader is shar n ency of transactio er ader is
very i gn, - doreetibén S2PViet B ber S S RRIE ot ool RRRG. T sl

smart car ds dategniahtim bysatfost coinputemhded physicaltyrdomeced USBdevitetis mq&:rawe,duct ed
via the er t,. such, as inanci ansactions or for

secur el yioont ¢ d?‘Fét"\%ardlgres% E’ﬁl@‘cﬁ %fffﬁrftlagﬂg“ PR '@?’f‘(ﬁﬂlg‘e&tfog‘%ég%ﬁmnl y
associ at ed \Mnrghpuﬂdjp\/rbsdswdduﬁagopefratmwukaeﬁcd n hones and offices, and
accordingly, snart \i‘ readers in th plication are used 10 hel atively

o Mgl o e rp e ye eptems Uy fébgfeqf‘e‘%{em’fcar%s% Cangetion with

feasibility U@:tmfersmgﬁ@wwsxcs al élimé?fbafdlﬂfo i$ Sho®alWwicH s b thidzradd cireait d
reader cost plus ost. To overcone the aforenentioned

pr obl em of l!TSIﬂ“’[ee( M%':ir”? Pﬁ"?‘é’cola(ﬂ%d YA Adhyughsorvsafional BSB pstigheralchaves, t he
use of asconyansn Ad@lredIRB-EENsiSEr ﬁouﬁﬁécﬁéxf@ﬂallﬁ% Is p‘r’&lén?ﬁfc% f%ur{t %b'ls'icﬁs ed

vol tage Condi tioning circuitry external e smart card escrib
her ei nabove.oniis: sprpee ¢ 3| smagfsaidewhish isrcaried IWQ)W@%PQQY wmnﬂlrmatn@ymspm try is
convent i Onalahé’rén%gr@ﬁ &6m ar}esdeﬁaﬁgﬁle&n&@@ﬁlc aBds%%mQQt&,lp\%ﬁn $6AR46d. this

i's not an issue a smart c readér shared
standard are in widespread use in Europe and Asia, legacy issues limit the number of

contacts on the smart card which are available for USB applications of smart cards. This
30 also gives rise to difficulties in connecting an external resistor to a smart card.
In addition to the above described problems associated with surface mounting and

terminal limitations on smart cards, the conventional USB pull-up resistor is also



many users, but it is quite problematic for a smart card reader used by a
single-user in Internet transactions, because it tends to drive up the cost
of the sn®ploz@gdsg sol ution. Fromthe above discussion it skeuisdi/lhRse
under stood that whil e advances have been 20 nade in USB devices, needs
still exist for further inprovenents why ch address the problens of EM/RFI
radi ation, variation in received bit |lengths and skew in the received data
stream all i ' i [Pl i i gnal i ng due
o the usp FEHELTLRRA el iR AEER sl Rl PRIBVRE
probl ens anentilized agplicitlosssuchedsatapshctions with peyphonespauternitit teller avachines or
O B R T e e e R iy A e
'IA\I\I\/EI\I'(;'_I ON tﬂibne aﬁpl{cﬁ@?’s ;egchm&d&f a?mg@diﬂrs:he_&ecbb& oyt dserspm?ﬁequenéymfe nti ;)n. oh
ccording to a metho rmo i nvention., an apparatus.c ni cates w
a host rtéad‘é‘?c\t/‘P‘Fngeére\?g TRYaY é’tgﬁ’ama;{}}escfm\?g F"Fé&aé’e\psé%‘% amAOrdAq9T st one of a
nunber of cHeWé&eE, smalugtestealo asefilfbregdday didtributedyiahsactidre chndudies viadig act s
and the IC are part of smart card. The received voltage is condit.ioned,
by vol t age CHRMHEISHASIY U1aneial Tan5AcBansch rIQBBIEECUFEIF PR rEBTRE 1 5 Mg
circuitry ggpaéaibsSrafshcAotsiik conthdrd@stiatedl WisltRaVidoal |sa 8 cdn@iufks tor
signaling attachnment to the host., This is S|gnaleda§i t he vol t age
condi t i oni npress pedioffiess. ansk goaerdipgly) gt qapsl rgadsscia dis arpiettion argisehe second
vol tagep eviglativd i hidd® esEfréieht] 8 thetf thd &3t dereaders §Bighinibant RlaSiBilielf faen on 10
the second contact by a driver on the I Cfor further comunicating to the
host. That $ince thesobutior aesh i aquelito thelymar e4r¢ eqadericgptalusithe snart eaehenashi cat i on. I n
anot her aspect OIf'o é\)@ﬁ:oﬁgEﬁkoﬂoreﬁlgﬂioﬁﬁfﬁ%eﬁQ)@U@Etteﬂnﬁmﬁ %Hitﬁﬂoﬂﬁ%ﬂtlﬁﬁﬁ% sec_ond
vol tage | evel through a swtch on the , responsive to the apparatus being
power ed. | ncostpatible amart bards, dhepee of afonvéntionsd USBdlevich's extemahphillyupl resisjer | evel is
decoupl ed f SW..1C i det ach
i cat  on FABS ASleeP sPRARHh AT Eikal (b ek BEARARR Keibdie [0
al so as$®r t Shiapdkupresistr andevoltsgegmvaditibing cirdufterie panvahtionaliyn kcatedbimtumi cat i on
to the host, on a third,ope .of the caontacts.. The voltage conditioning
i routtry. oL et P Wen i A RS il S i S SR i ¢ o
on the IC aAtny@eRoNsitviequire prétdentip &sratsuarticadneddet tised 8y aisinglesusérrimnsf erri ng
data to the _host at the USB full or laow speed data rate, to reduce an
bl ance. T BHETEREaTSAGHGRS DREPUSEI 5nfh 1 ARV B G o b PR Ht SOUEE- vl { age
condi tioning ci rgsihitieyabeid @sdusdi it @daldibe unerSios et witlietadvindes ReEBRA cont act
by the switch, responsjve to terntngglon of the transm tting. In another

enbodi mht , Madean B deyises B sibRT dordithen improvesmpnivhichaddesgethe s 25

decoupl ed f £@Bkinb6f ERAMIY rédiitiofChariation iR fecEMbd BibleAPtht BRI skbw it ASRRBSEYE tO
t he apparatus receivin e transferring data fromthe host at the USB

full o | ovAdpuEamaal o Wiistiarist §omdpgelenca in B i (ST gmabinguats thr i ven by
the host. 'GSB'Péq%irgdg?gghmgtor.tli‘lﬁth\éx‘}}{&éi‘g&uﬁ&@‘i’% fhleQHréWlerfid &filbiiler Y OUt put

vol tage is re-conn to the second contact .%_the switch, responsive to
term nat i onpreblemh eelatedcteitha pigi-urgresister appartienartyatifiioult fos gwert cardepesforming t he
vol tage,at 41 bice! & e hetChre RRLHARSLRIRING Aiddie Smart card by a
reader having sol ely passive conponents, ng 6l ectrica y coupling a
connector of the reader to the contacts, for coupling the contacts to the
host .




6 According to an apparatus formof the invention, a device has a driver
and outputs for communicating with a host. In a first aspect, the device
has vol t agg 38Bsdst i oning circuitry, and a pull -up resi st opcafidoi/fe280pabl e
of signaling the host over a bus using the pull-up resistor coupled to a
first one of the outputs and a voltage dut put of the voltage conditioning
circuitry. Aswitch is included in series with the voltage output, pull-up
resistor and the aforenenti oreffiAr®y oWilEINVEREION tch is capabl e of
sel ectively connecting the voltage conditioning circuitry output, through
the pul | -up resi dheforegoingmgedstare addressadin the prase inventica. ¥iscerdingdey methobei ng

. powered by t : ; b I : first
10 output to t Qﬂ\ﬁﬁ)l t%ﬂtgﬂ’ﬁ{g\?@fﬁg@%ﬁ%ﬁ@g %téggilelﬁ]caz)n I i%‘%lnﬁ %:Ydr{@ﬁ% ?fay
out put, whi dhstrvaltess leveb ode irs encefirabinbeoéf dontacts conpleddo tyintbgtatasttadrduiby t he

- host upon t i I t h . . USB
enbodi megt , Qﬁhd:yﬁgg?%@&ﬁsg@w@gc%ﬁ @aétr@%fsglrah im%if gP gﬁ%g%xg€4%08%5e3§s and both
t he out put s canditioedphyesltbge canditionipgitiranitryt @cthe A The voltegeabnditioring ont act pai r
is for the atorenentioned fjrst output. Since the of her ane of. the output
contact pai r°’rﬁlé'§ry Fo 150 é’%ﬁ%%‘&?en% a5kr9nd dﬁﬁarggzﬁvglt%ﬁ‘gqaﬁ% §t?a liff‘??‘?:fﬁtt%lgeous
t o di sconneahe lidse Thid i sigpaledlsy the ooltagh cbelitidningdéreniee ogtput\pallimgapa second

transmtting, since this . results in a pore.bal apc i fferential. output

i gnal - and ppBeddS fesriold biities et Brdlef B i B e L. Rsiepeliavinivanion

i mpr ovedobi tthé @bgHd@ntactbyraeiivecsh thidk E0Vdr furtheEconf@miioatal Rithe Idst. ERHAL is,iae

pul | -up resistor nust at tines be ggnnect ed to the output, however. This is

20 because, 2&mbadipent,tig driersignalds fr sPOIMAICHIN i nabove, for USB

appl i cations t he ii@wkhef Bpedt BF R Snettlod! INe sekdNd Ehtdobis PhillAGM tHeQedong USB and
if the device is |ow speed or full speed by exam ning D- and D+ signal -

li nes on t heoltsss levs] thrqueh a switchoun the C.trespansive) ta thefappaseiushweingcrowered. be
connected. The | my it dnBihe! YOk e iRERA1L $cBbhd VifheeAbIcn BB FiH the UP
resi stor nmust be connected for proper detection of the devic y the host
on the D¥ orseqndsontaqhby thespyitclp ngsponsiverte 8 detedyindieation fenrmoayel@irshiiry loéthe

di sconnect egeowhen the device is driving those lines. In an additional
aspect, the apparatus of the invention includes an integrated circuit
("1C"), which i slpgetanaheraspeotathe [Calsd afsans nggcendlnivbiesignaf foe Hiffetentialal

cont acts. : f I nts, of t same
it eqr at ed. SSRGS el by B o8 Rantads, A8 Vgl e
contacts, i rircuitty ogtpat voitagetis decoppled frémithecsetd@idcontpdt ¢l tHeawatch o the IOne of t he

| CM contiacts for ..receiving a voltage supply.fro USB port .

ol udeddvortesagreiveis P apifls i fte L PE Rpsr ol wa B ted SRR o

t he | CM contlawkpeet ldataugd) taredaciadtinbalaicetfirehd fist dnd sedohdl Hrivoneighsls. Rapegt ., t he
appar at us i3 | uges a rigaderb. havi ng a annector for reﬁei ving the smart
card and co %?Y gecemfilionpg Ciripnipiaut vgltags ds terannected fq the spcpng qaatactby

El ectrical amagwanh/vespondivd 1o eerip@ien o£@BFhisinigiag.el y of passive conponents, -

that is, inactive corhpéonents havi ng resi stance, inductance or capacitance
charact eri sti cs, Ihgrothspergbadimenit, the Maltage spnditiningqinceifry oppus witage isdvant age

that t hespuldecdiled Fohith®SecamPeontict B OBe SRR dnitRNIC) thsfdrsHEtd thY afpaPidlyyi Ng the
proper voltage to the pull-up resistor are integrated on the 1C, so no

contact is Tereivirfulp-clipnsferringslatafiam thedipet at e HIBFHY ot lew spesdidagaatedot he
resistor. Thiqucpaf Mabntd e ARRA GHVER b theltBsiC AR chibbBinttht, thelVaadeont act
s7 It anot

configuration of existing snart car I's stil ér ‘advant age t hat
t he resi st orconditioringeirci iy oytpat altageisireteomeetd olike se@nd|contaetdy dlse swishneed f or

i ncl udi ng tt}@sggﬁgi\}e'tyPer@ﬁx?h&'f&rthééfeceqm{ vol tage conditioning circuitry for
0 e

the resistor as par e reader, ek i ng the reader nore suitable for |ow
* cost 15 38ppl i cat ImamthelTethed aspectoebmving theanitagesthe firy heltage leeeltindudesi | | be

further appa}gc%ﬂltingf thé gr]n;rp éaarci 9)|' L %\é“der}%a\qikg \5’\5189 %as%ﬂzg chgéo%lerlxt(sa,%ng EREtHL fy' on.

coupling a connector of the reader to the contacts, for coupling the contacts to the host.



8 BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed
characteristic of the invention are set forth in the ' appended clains. The

I nvent i ongigfaRkdzs however, as well as a preferred node of pdgajsolgkder
obj ectives and advantages thereof, w |l best be understood by reference to

the followng 5 detail ed description of 6an illustrative enbodi mrent when
read in conjunction wth the acconpanyi ng drawi ngs, wherein: FIG 1

Ljustrates a coRyERding ifin dpBhdulRih O RG] « MUALEHE: LG HEbYBLS !

serial bus and USB devr ces. IS a typical prior art configuration for
a USB | ow s;f@r@@lmmm@ng with #hat. 1 & fystaspeph theadevige hasrvoltage ooochtwrgng ation for

. a UsB full n&gg gﬁg g-ugke%stoéaﬁd ,'suggmto?§.§@lﬁ%erpy SBA bR i hfggard. FIG

5 illustrates nt egr at e accor tothe
present enbedilupmnsistdFic@iplal tshcﬁm ope sfithe outprs shdreadiege autpo bilihagoltage an

enbodi nmet {)l&’t‘ﬂg‘r{gq ?flt}/ 15 invention. FIG 7 shows details of the reader
of FIG 6. ) ates, in flow chart format, logic for connecting
and di sconnecti ng santlclesl mctlmiedmnsdnbewitlmthegbbztge(?buqiuf pull-up Fe3idtek endxhe FI G 5.

FIG 9 illustrate S, 0 | ow speed evj ce accordi to an

enbodi ment . % "?tl quﬂ’é‘i ﬂleég’ gl Bé&RaEPd?E %ﬂftwﬂy °§%§W‘&3§%"‘&l@§? ce
accordi ng thrﬁiﬁtlcﬁxrdmlcﬁﬁ@Toutpﬁt Grough tl@}ﬁl\rﬁlpa'emﬁbﬁ & thaitsy SutptPesoreivd oof a
series CII’C it Eﬂéres ﬂg'f%f 12 shows details of the integrated
resistor of ¢ d&"‘cg & p‘?—"l"?fd'i}()t e ut gt transmisting,  Hus tgedsite pulhup thadistct s of a
USB devige @ﬁfggmltm&tag@levamg LS corﬂﬁlonmlg%lraﬁﬂv\bhéﬁ% Qﬁ%&ﬁlaﬁé’é‘tf{!\' OF THE
PREFERRED EMBODI MENTS | n the follow?é det ai ['ed descrlpflon of the

preferred edByen fRerrleof beiearensely detscterhbicthe bost Heoretbe byrtwing drﬂlgerdbm\]mgs
illustrating enbﬁpthér&ﬂﬁé(t bfla %B%be&&]ﬁneﬁt”ﬁ‘n@ﬂ&\h%mo @r‘?vog{ @ﬁ&l?fgﬁegthll t should

be understood that other enbodinents may be utilized an anges S may be
made wi t houou@sisand botl tiferagtnutsiaee eouplod toodn quinait pentask pair. |®ﬁmflthmmntd§erbaar ring

to FIG 5, anglfmM éof%?ﬁn@iﬁﬁéarfﬂkt%t .0 me%@o&@ %ﬁgmg 8&? & BLERS B phd et © i on,

is shown in nore an therconvent ona
15 corresponding pull-up resistor, it is advantageous to disconnect the pull-up resistor while

the device drivers are transmitting, since this results in a more balanced differential output
signal, and the benefits of less common-mode noise, reduced EMI/RFI, improved bit
lengths and reduced skew in the received bit stream.
The pull-up resistor must at times be connected to the output, however. This is
20  because, as described in the Background hereinabove, for USB applications the host
determines if the device is attached to the USB and if the device is low speed or full speed
by examining D- and D+ signal lines on the USB to which the output terminals of the
device may be connected. The invention involves recognition that although the pull-up
resistor must be connected for proper detection of the device by the host on the D+ or D-
25  lines, the pull-up resistor can advantageously be disconnected when the device is driving
those lines.
In an additional aspect, the apparatus of the invention includes an integrated circuit
("IC"), which is part of a smart card having a number of electrical contacts. (The contacts
and the IC are preferably elements of the same integrated circuit module ("ICM™").) The IC
30 s coupled to the ICM contacts, including a first output of the IC coupled to a first one of
the ICM contacts for receiving a voltage supply from a USB port. The IC includes voltage




particular, electrical contacts 522 through 529 are shown. These el ectri cal
contacts 522 through 529 associated with the 1CM 420 of the smart card are
coupl ed wWyg osiqg3s 519 to an 10 1 C 530 of the I CM 420, and parassesessd or t he
host to communicate with the IC by inserting the card into a reader 600
(not shown). Referring to FIG6, a smarf7 card 400 is shown with an

enbodi nent of the USB conpati bl e reader 600. The reader 600 has a slot 651
for receivi e card s wh i ncl . i ncl udes
a cable 652%gw%&%% ng%?%?Qg@gm¥@%$%%ﬁggﬁﬂgg%ﬁﬁgfﬁﬁgm%gggggﬂg8%m€g9{%g port
130 (FIG 1)JCon hub | 10 (FIG 1). The reader 600 includes a passthrough
connector 620. The i j . t card 400 of
t he present enbo |%@%@H%gﬁ&%%ﬂSgéﬁﬁggmgﬁgﬁ§%¥ﬁg%¥g%%EEEgg@ﬁ%@? Such as

devi ce 165 irereivin@ thelsmaredaed andreguplinglebihectdr cdntactshie thedmbetichisl cantectshown of t he

722 ¢ hr ofgh BV AR ERn Aot Wit PR R ARSI B0 PP eriudo of
the smart caonlpéﬁﬁﬁl;s havin esistahees inkhaanct or dapacithis charbéieristics, bubnot dath stabl e 652
and connect %r 53a1 @_Ig%lg[?ed into the port 130 (FIG 1). Only four contacts
722, 725, 7IEARBIIEIGYC el evant. It should be appreciated from the
foregoing, it isltsdgradvartageithdt fetpullapaésittdtand ooltape caiaR@ingRittuigiown, t he
reader 600 contains no active 25 electronic conponents. Snart card 400

 nl udes | CSBRYREDR RIPPE IR b RAJHRRNRTrS Blsarates pmithe 1 amapaptact i

i nf or mat1pon réRirkdén RO Shard Betd ELHPHNehd VHitasd B iHedBsidtdrO MhisRriRSthe afpaMRls t O
operate the 1C on the spart card is_supplied fromthe port 130 via the
connect or 64wbe goppatiblp with g cogiqgt epbgurgiaef cegnewmer cede snart card is
oader sl ot G5l LAySRaRCE) SVatad gk U5 3E ehd t TR SR St 0 Mear
to couple wieliminstsatiaseed Fpncluging theamdl-uparpester2p anyvaliage canitioning OcuitFhe

coupl i ng of i . en the smart
card i o o oiiie RHREL ecTRr GRNAEL ol ther et SRHRLBRPENANR", (P 2T E
on t he dfmarappaetbnand al so enabl es 10 necessary signals to flow between
the IC and the hggt Vi I the .connector. using the USB. FIG 9
an enbodi ne ing dreawinge: tai figiion. The enbodi nent in

illustrates a | ow speed USB device | 65 coupled to the bus 125, which
connects the device to a receiver 240 portion of a port 130 of a hub 110
connected to a host conmputer 170 (not shown). The I C 530 includes a first
driver 965 and second driver '970. The drivers are coupled to respective
contacts 525 and 529 to drive signal lines D+t and D-, respectively, on the
USB 125, at the USB I ow speed | .5 MHz data transfer rate. Since the device
in FIG 9 10 is a | ow speed device, it has pull-up resistor 210 coupled to
the D- differential signal line 212. According to the enbodi ment, the
resistor 210 is an integrated device in the IC, rather than external. It is
electrically coupled to the DO Iine 212 through the contact 529 of the



smart card (not shown) and a switch 940. The resistor 210 is also coupled
to an out put 930 of voltage conditioning circuitry 935. The out put 930, the
resistor wgQougiyd swtch 940 are 15 in a series circuit 9¢@r/Kags4s9d t age
conditioning circuitry is coupled to VCC contact 522, and the VBLJSline
220, for receiving the VBUS supply voltgage (nomnally 5 volts) fromthe
port 130, and generates a VTERM vol tage supply (nomnally 3.3 volts)

particularly for the pul RYPF b%ﬁ? .ﬁﬁgﬁ%géﬁy O is controlled by
a signal at output 955 firgom C(i))?t%ro yé@&?@iy ) (%e switch cl oses
responsi ve to tkhesiogeldtatures telieved uhgradter@Eib ofthe guyemtionlarecset forthtin $he950 bei ng
osi stor 210pPpRepAETD Tisdivelt A R R o B e S
940 opens rejeoines and atl vantages thérgofalvillbest Heainderstpord bydreferente wothé fodlowdrigr cui try
950 bei deasserted, .which.decoupl es t.ne vagl tage.conditj.oni circuitry
out put ggo cgeﬁﬂféﬁggﬁcgpt&n cffb'l?urs%%vg ﬁ%‘gﬁ‘iﬂﬁ?‘étc‘@‘eg?%?l ‘%?‘Pdu%{‘?‘h‘éﬁg fromthe

D- line 212acchhfanyihg drdwibigs whérein: a recei ver 250 for a USB device 165
according to an jment of the present .invention. The, receiver 0

el udesa. i ngitdOr hlsFTERA fonY o TRRTEHEN FEd Y B BB S ct 529
for receiVving and OSBidepigks. si gnal fromthe host transmtter 260, a single
input anplifier A8 on the 1 C 530, cqupled to contact 525 for receiving a D+
i nput 30 si gnal HPof%aREPiFYfioy yretign foppUSB Ao spegd f¢¥dSeent i al anplifier
A7 on the | C 530IGCoWH ptcd PribodriconNBura@it BF4 BSBI §RELAMiRY bot h the D+
and D input signals. According to one enbodi nent of the present invention,
the device 165 i€t hilbstraeparopyratiead smgigpards0 of FIG 11 13, and the |ow
cnbodi ment 1 he dSyt ouse P of BRI EIRd RO oafeaBhgRte b RRB 1S g
the full sb@nhmﬁmqﬁsnjtter 230 of FIG 10 described herei nbel ow. F@férring
Connecting and dieessiREr e teldplaBaed afbhbbént o B REUR Tos ) °
step 80K tineerdiowi ce is inserted in reader 600, which is coupled to port

130, and the port, 1 0 t devi c Then, at step 810, control
circuitry 950 de Igr%%@év‘ﬁﬁaf?éﬁe{eﬁ er\?ﬁf’t(}age | evel VBUS received by device
165 i s adequat e HIQt 8 ilhstraiesy Incfiowt chalidoratat, dsgiefbr tennbdiing land ditednnedtingh i s,

whet her the > con}t?act 529 shoul ddble ?HH %d up to the voltage | evel VTERM
of output 9%8SPHOR W MieFratP L g1odule 8T FIG Snot . then the circuitry 950

continues to NDOIFIGOY illudkrated Bpectldd a Idbpeed URB dédicé @6rdin@\e hn MBbSIimént.
adequate. Once the control circui %é%{l et ect s adequat e, vol tage on, VBUS, an

out put &9 gnal orFlGul Hillusteates aspects ot a filkspeqd URB devdccasrarding eyan emhediment- up t he

contact 529, at mtep! shbws afbltdriitive BRbsimetot B sétied Bidduitlof Peyukds sRMlibed up, the
device is capable of bheing detecte ow speed USB device

[ d by the host _as a |
165, and the de1felhtipwedpatinidhniptegiaedresisterohFId-y apd FHGelOhost, and the
host may enuner atig, { DEIuGENsGRditidIRK gs_pe@ﬂl ofsd 8B 8fice dcBSdRQMW Erpémlﬁ‘dldgﬁéggt ry

determ nes whether there is any indication that the device shou

det ached, such as to be re-enunerated. If there is an indication that the
devi ce sfioul d be detached, at step 825 the circuitry 950 deasserts the
signal at output 955, so that the contact 529 is no |longer pulled up. If
no, the circuitry continues to 20 assert the signal at output 955 to hold
up the voltage | evel of contact 529; provided, however, that once the
control circuitry determ nes that the device is transmtting or receiving,
i.e., transferring data between the host and the device at the USB | ow or
full speed data rate, at step 830, the circuitry tenporarily deasserts the
signal on output 955, at step 835, and continues to nonitor, at step 830,
for transmtting or receiving to end. Once 25 transmtting or receiving by
t he device has ended, control circuitry 950 re-asserts the signal on output
955, at step 840, to once again pull up the contact 529. A result of this
arrangenment is that the switch is open during data transfers, causing the
differential signal line DD to match the differential signal |ine, insofar
as neither of the differential signal Iines has a pull-up resistor
connected, which results in inproved 30 differential signal quality. Al so,
the switch is closed during an interval when the device is powered and not
transmtting, provided that there is no detachment demand, permtting the
host to determ ne the operating node of the device. 12 There may be
numer ous ot her conditions, not shown in FIG 8, for deasserting the control
circuitry output 95S signal in order to open the switch. For exanple, the
switch 940 may al so be used to decouple the pull up resistor 210 at tines
ot her than during data transm ssions. Such additional detachnments may be

I I o N o o, I T



el ectrical contacts 522, 525, S26 or 529 of device 165 are not properly
coupled to the USB. Instances when the voltage is too unstable or too | ow
for reliahbsapREati on may be sensed 10 by the control ci peyjdsov4éisd, based
on a test for voltage on the VCC contact 529, and presence of pull-down
resistors 216 and 217. Reasons for atta&chnment and detachnment are further
described in the USB SpeC| fication. Many of the above-described features

can be achi eved ?ﬁg‘%ﬂg Q,Ipdi«ﬁ@rp F Rﬁ%_(fp Psr esi stor
and the switch bet vveen Mé\)}gl tag Ig‘: ﬁ signal 1 ne 15 212.
Accordingly, in Iaﬂmfh@crwuazrﬁmiﬂqdeintcrlpﬁomQféhemre%erﬁtt embpgéments referergn i n FI G

. 11, the ser % g tion of
t he reS|stolP§(%1t§h g& eﬁg\/\#?cat%gigiulg{gatr \%E]rbégg}e{f Yﬂlcgﬁ{el gnﬁég{;ﬁ tor 210
i s connect etk fracticére 16 shioukibedb@erstnodothat odlied embodiments onap bofitilized arsicheeges s 525
or 529 on the the si,de nnected to the resistor
210 and T heePeaade wioht tepaﬁt%§°fé‘.s‘t%tff5 6%8%@?89 &8 but 930, 20 The
order of connectReféiriagtoHGWS), aniCM 420, e&cmﬂmgduamerﬁmﬁmmtbﬁthbbmem hi s
arrangenent, resul t.s in i.nprov tecti |va nmura et
al . patent ‘B?’?’E‘P'&é%%hoéi""éaﬁt%%‘%gaﬁl&% 7 &g 1‘08? ?W@ié) 58\‘/? Hbﬂg}oupfed in the
reverse or dgitidfar, reeévtrsdamcmeaati samﬁrmgh Shoute showik:| ThesOelbtiicl tontdotrseer nor e,
the resistor as. disclosed in et al. patent"” is not integrated

in the devi®eougitd2%assediated, ltlbtheé%MN%"g@ﬁtsmaﬁ carmecq?ual%ger\tl@s gk toan

di fficuldieg 530 el ICMEE) bnddre 6588 Fér tReliditto RfMnliAkale &AM tHERTHy iASsking
her ei nabove. Al so, accordi ngnto Maenmura et al. the switch is open while the

device is iWeeHd ntpamedyG00dnatshavd)- but cl osed when the device is

conmmuni cat i ng Wﬁéﬁexhﬂ@t&ﬁ@% a WG 828 40K SRSWH Rih hPerhbBlliRER SEME USBVENt i on
the switch is open while the device is communicating. In another enbodi ment

of the presmpatlbivewﬂﬁrcﬁ‘)o Theregdar 6ehhasaclqt §5T Epreseivingihe aard, 3dichrray of
cirou try. ot i, TR EulbRiy R s QepbIE ! AR 80 81w toh 1o
be openi3 i recnesting ﬂmae@nb@mh tehwiport 3 636m ) anhuba (FIK8). 's“h% eader 500 in FIG
, is place t ween i «t hat the
resi stor |sln81§§7§§(ﬁassgl g 'gghggéﬁ% %ﬁgglﬁﬁﬁné&% g e %dg{qul%rj?adﬁlg\%v 0 FIG 10,
an enbodi meeyrd 460 cfhinyvypreseht mtbodbmnatandm usaics atsnmrtsﬁxﬂrUSﬂ/@dvmm sutlnasaccor dance
with the pr sent1 %nvl%elg}t' on, for a USB device 165 of the full speed variety
coupl ed vi a ¢ "port 130 of hub 110 (FIG 1). In the device of
g! fo 10 pul : -up Reﬁfi&hﬁg wmgﬂi@ ﬂtm?]aau@lllme §Hb“@10iflt‘r&(lievﬁ€565 aﬂférédﬂéﬂ&b}fllai o the
ifferential signal, Iine t rou istor is also
connect &4 t PasKEroygh P%{’Q%ctﬁro%&“f‘fhc?ﬁl‘ ﬁsiﬂré‘ Eég%ﬁ‘t-['ﬂﬁ?ftm%\%owtf’"é &y TERM
so that forcghtdetslsh2 sire@sh sriewfﬂe sﬂ.srt s&t@vmo laﬂd E«b@tesl&m folvas MSEFIG. 71@ vﬁtet ects
t hat VTERMls present on the si h_determ nes the

presence of thg cale P eandreopnestor éﬁg p&lg@fédn%tq %HOA@J%H Paky fPPféOBt&?t&

transfer rayp, msﬂdvsttﬁ]m%tékewarﬂ@sﬂamm aﬁﬂwtte&ifrtﬁ thdRrdgsing aNfsact 525,
instead of thé D’ contact 529, the fu speed device of FI'G 10 oper at es

| i ke that owgmﬁemrM@ﬁ@é@gd@tﬂe@eb@ﬁlmmt@wﬂ, thesreqees 604 eontainsise eetivsabove,
| egacy b§suag ttohmct)mtptaﬁentturs%hcgtd t@rlﬂtnu@éssw%yoqtawa fheA¥iNe BRbEndhRI smart

cards, and this also gives rise to difficulties in connecting an external
15 resi st or reguired tg ﬁ'ammltlafq!mﬂmn te thadpstapd raceixe indermation fpmtherheste Powemr t

cards in W gespleat. t@S’nWE ﬁn‘?@éfﬁ’%t Wﬁgf&h%ﬁﬂ@g&ﬁ%ﬂ& 8%?&%58{@%

| SO7816 Speci fications Speci ation unction’of the
el ectrical tablefiS3ahd tl@rteatdheti(lﬂaflhts thesmagfichrdds ingerted auto the radder otoStont act s,

S22 2 Sy Rt N o B B R B R PR g 1 ©

< Speci fi gat i omthe sﬂihnecm'dhxecouaﬁ letncontactsm $25226 cand 559291the radte $0Q rEieed by the
| SO st andard a se one,of th jt 1s assuned
oot ne e o B hng SR amdr e iicts i o e s Ve At Gatd s nserfed

into the reader slot supplies necessary power to the IC on the smart card and also enables



inserted in a reader 600. Mdde sel ection between USB and |1S07816, if any,
is not described herein.) However, as shown in Figures 2 and 3, it is
convent i ofy@lo2fse9362 USB devi ce 165 to have the required pulplcTiysol/gesst or
mounted externally, which requires either i} 25, circuitry in the device
package, such as internal to an IC in tlhe device, to condition the voltage
VCC to supply the proper voltage level, i.e., a different voltage |evel
than, for tk&egwylsfghms fRdw b@veen'fle 1C BhdM Kt GRER cable 8 the c&ﬁ{e&%{z%ingm I's
al so required for the voltage VCC supplied to the resistor, or el'se Ti)
external citeliSBry coupled to the termnal for conditioning the voltage to

. supply for the I . pS] : 0 { I rating
the resistor onlq%t{E"e9 F%J‘ﬁg?%‘z%‘ |vﬁré§%oéat%:lagbgﬁlg§ee{rﬁ{mfeﬁ gh@?@naf&og%gﬁlgg&/ﬁg how t o

manuf act ur eart ¢nebodigsing ofghe prgseptiiniversiopnTheempbadinaein KiGe? diustates Aoatspéesl, t he

USB Specfi ﬁgﬁ'dgﬁcec?éfllf%eé]l% #tﬁe%dﬁ%,%ﬁéh% ndds il 4 %t@a?%ﬁd%} m ned

t ol erance range, rch 1s narffower an cOnVenti ona V'5CHi eved by

ordi nary f aporticradfiaqrortridt lobalbub Hi0Gonde2ted itd aibdst etngsutdr 120 Mmok bhowm).r esi st or 210,

whi ch incl udes resistive | adder .121 or, sinply " i.stor’) integrated on
the I C 530 (FI caa”‘ae)ei‘,E 5§é%ﬂ°ﬁ’8“aa @{Sf ?Ib"tehg%s(aé‘ﬂis‘i"&{i? drfyer %20, The rt")ﬁfé 5o

Speci fi f:at i coupled Itcefe@;reetgvel dontatts SEEMds20 vedrivedibanl lihgéDHaﬁctl) m,ng@eftwy; éhha

term nal poin 2 ar evera i tches 1230 distributed along the

| engt h of tﬁ‘@hrsbsﬁgﬁt{a? vk é‘fspe&@mﬁ%%&wfﬁm&s Sinegdng devics ikt &d

bet weenig¢ heishask Spded Bevict(ld Ahs RIlug BEstOUE 10 ebutaQitd et h OdifrBehii sizdfl Gn@nd t he
remai ni ng swtches 1230 are opened. The selection of which swtch 1230 to

connect is #&t EPiHing thihecmbodipgnitheresistar2hisan integneieddevigedn dr IEnathgevi ce

and stored fhan 828nNOaS LS iRYRbIRSH to TY 15- 124 b AT NBLNAY (2lovs a
resistor wiwth an acceptable 10 resistance tolerance to be fabricated with a

process t hatmast eedi@etshpwn) andiaswitgh P40  Bie resista 2hg isvalsosbypledhtoraashtputddde per
square unit dernat. OeH i : with
othor sul t af TR oRMSHAEG AL AR A Bilbu SROThEO, MEMEROI B,

pr esent lEnbindi setiesicireit 9G9e diie ypkagevomditidning qinguipp ssswupled id VGE€icoataét 622, but is

not i ntended i t4 . |\ & I [e] t orm .15

di scl osed. %gr%ge Pﬁg)udlé ﬁl’?g@ i %ﬁgcggﬁg\%&\{@sﬁgh@?ﬁ l%g@{eo mé'ga[%g’%e\f?{ﬁ (Sa)tf](cr)o"il Wgse of
ordi nary skpdrt 130nartdrgenarates a VinErRMe wbicage supply (nerainaliyo3.8 woks) padieslarly foe¢hei n or der
to best expl@' n thet Ip%i nci pl es of the invention, the practical application,
and to enabP'€ ¥ 1&g Lfo ordinary skill in the art to understand the

inyen'é ion. Vari dl_:lﬁ:switbleMOGiETb@d:iollel![:)Sa hgnail glg)utpaf@ﬁblﬁomr?fdl eiaaﬁitqmsonay ]E)e )
suite articu] ar use contenpl at ed, but within the scope of the
ot s ent 250 THRARHER SIS resbqur A e e o e ch g B35 0f ool sivaniy G50 bhe

comuni cat i fgerttdf Which fples tHe FoREdeToRdtionngCaicitry odfpul H0RMH 2ésRehr 216 G t

{"IC") axed to the_card, wherein the ICis coupled to a 5 numnber of
contacts, i HeFoRIETH§2% and ﬁhg‘iebﬂ?ttg‘hp‘ tre 313e Theswiin 940 epgis resgonsivedo ther st one
of the contagiason BBLBIIDSS OF Bt Sifcuftfy $50DefdiaserRMAVRh dQolgIg thd ' St one
of the contacts, and the | C.includes voltage conditioning circuitry coupled
to a secondviaes emnditinring sireuiEy Quipy 93 and rgestar 218 froaythe sert y29, @hdr ei n t he
vol t agergonglifeh PRLMINLDI GieiA1by |s capable of generating an output voltage
sel ectively coupled to the first contact, to selectively pull up the first
contact 10 to t H3Gol iYustrafesiatresgiver Bi0faryhUBRdeviessi65tageording tq dnetmbwdingenh nent
of the app i ' A ' ecting the
out put vol ?‘?fg‘fé ﬁéeﬁ h@%ﬁp‘gt&r légorﬁﬁ%e?gsgﬁaﬁﬁég%ggégyrl g%tﬁgmgﬁ ﬁ%rl‘gble%l @g i(i’cl/vher ein
t he appar at %), cowfed it eantacti5294bt eheiving & Be inp@ ggnapfrend therhoat tsasmiter 260; aui t |

the series ginghbol: JRERUAARG hSC\Sh RS MR SARYISHE RRTAGSI S iy, OuLPut.
30 signal from the host transmitter 260, and a differential amplifier A7 on the IC 530, coupled

to both the contacts for receiving both the D+ and D- input signals. According to one

embodiment of the present invention, the device 165 includes both the receiver 250 of FIG.



control circuitry on the IC for selectively pulling up or not pulling up
the first contact to the output voltage of the voltage conditioning
circuitrywblwQeah the resistor and the switch. 20 3. The pprarsei/umasef cl aim
2, wherein the control circuitry is capable of selecting whether to pull up
the first contact to the output voltagdlof the voltage conditioning
circuitry, responsive to the apparatus being powered. 16 4. The

appar at us 0f3, Gh@ih8cdv speedParisHiths 230 am@;C@as&,cﬁwdra'dsveofAécBﬂld Qoﬁﬁ?ﬂ?é ed to a
third one of the contacts, wherein the control circuitry decouples the

first contagmbodimanbithedsyicet &5 inchidecihath tharasgiven 358 f FIG, léuaqﬂtjbe f&dﬁ Ispexde,

- responsi ve &nstiflcR2d0 S3Ge10 RALIRGReicliGeigApar atus and the host, so that an
i mbal ance is 5 reduced for signals on tﬁ irst and second outputs

respectively. 5.ReferangpqyatodlGs 8dpgic lisdesaribed Mmmﬂohcltdwrxmsebbtmelyr cuitry is
barat s of TapiRE hipitcafncclihg ine PARLARsF AIN SUBVEETRS Rluepillsdog [ o
connecti on dayicg iqoimsert’ed arvdader 6€G; avhithdpenuplet ¢ pdrol30; emiahe/porg 1 30@wesrtie and _
eheot 1 ol e RRUTHADG 48 B REN AEDTy o0 ddFRRSAERRBe ot Bl o oL
claim7, whecsved byhlevise t@hnis ad:e:qnatedidr@lne deaive peisesittached @hithe @04 Ezsl;ﬂhat igd0 9. The
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and wherein the g} et andle LoRR E‘igcu?tl'}f Getrhinds RB&her therd is any indication

that the device should be detached, such as to be re-enumerated. If there is an indication
that the device should be detached, at step 825 the circuitry 950 deasserts the signal at
output 955, so that the contact 529 is no longer pulled up. If no, the circuitry continues to

20  assert the signal at output 955 to hold up the voltage level of contact 529; provided,
however, that once the control circuitry determines that the device is transmitting or
receiving, i.e., transferring data between the host and the device at the USB low or full
speed data rate, at step 830, the circuitry temporarily deasserts the signal on output 955, at
step 835, and continues to monitor, at step 830, for transmitting or receiving to end. Once

25  transmitting or receiving by the device has ended, control circuitry 950 re-asserts the signal
on output 955, at step 840, to once again pull up the contact 529.

A result of this arrangement is that the switch is open during data transfers, causing
the differential signal line D- to match the differential signal line, insofar as neither of the
differential signal lines has a pull-up resistor connected, which results in improved

30 differential signal quality. Also, the switch is closed during an interval when the device is
powered and not transmitting, provided that there is no detachment demand, permitting the

host to determine the operating mode of the device.
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asserted onartdngernean oesdltciamhpoved ICprotection against ESD. The Maemura et al. patent
discloses a switch and resistor for a USB device coupled in the reverse order of resistor and
switch shown in FIG. 9 herein. Furthermore, the resistor as disclosed in the “Maemura et
al. patent” is not integrated in the device IC, as in the present invention, which presents
25  difficulties in the context of smart cards, as has been described hereinabove. Also,
according to Maemura et al. the switch is open while the device is in the inoperative state,
but closed when the device is communicating with the host; whereas, according to the
present invention the switch is open while the device is communicating.
In another embodiment of the present invention, the switch 940 is replaced by an
30  array of switches connected to multiple control signals, from control circuitry like circuitry,

to implement more complex logic functions causing the switch to be open. In one
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of the embodiments, it is assumed that the smart card is performing as a USB device when
inserted in a reader 600. Mode selection between USB and ISO7816, if any, is not
described herein.) However, as shown in Figures 2 and 3, it is conventional for a USB
device 165 to have the required pull-up resistor mounted externally, which requires either i)

25 . circuitry in the device package, such as internal to an IC in the device, to condition the
voltage VCC to supply the proper voltage level, i.e., a different voltage level than, for the
pull-up resistor 210, in which case an extra terminal 213 is also required for the voltage
VCC supplied to the resistor, or else ii) external circuitry coupled to the terminal for
conditioning the voltage to supply for the pull-up resistor.

30 One issue that arises from integrating the resistor on the IC, according to the present
invention, concerns how to manufacture the resistor to sufficiently precise tolerances. That

is, the USB Specification calls for the resistor to be within a predetermined tolerance range,
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1. An apparatus for communicating with a host, comprising:

a card;
an integrated circuit (“IC") affixed to the card, wherein the IC is coupled to a
5  number of contacts, including a first output of the IC being coupled to a first one of the
contacts, wherein a resistor of the IC is coupled to the first one of the contacts, and the IC
includes voltage conditioning circuitry coupled to a second one of the contacts to receive a
voltage supply, wherein the voltage conditioning circuitry is capable of generating an
output voltage selectively coupled to the first contact, to selectively pull up the first contact
10  to the output voltage through the resistor, so that attachment of the apparatus is capable of

being detected, by the host detecting the output voltage on the first contact.

2. The apparatus of claim 1, wherein the apparatus comprises:
a switch on the IC coupled in a series circuit, the series circuit including the voltage
15  conditioning circuitry output, the resistor and the first contact; and
control circuitry on the IC for selectively pulling up or not pulling up the first
contact to the output voltage of the voltage conditioning circuitry through the resistor and
the switch.

20 3. The apparatus of claim 2, wherein the control circuitry is capable of selecting
whether to pull up the first contact to the output voltage of the voltage conditioning

circuitry, responsive to the apparatus being powered.
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5. The apparatus of claim 4, wherein the control circuitry is capable of decoupling

the first contact from the resistor.

10 6. The apparatus of claim 1, comprising a reader having a first connector for
connection to a port, and a second connector for receiving the card and electrically
coupling to the contacts.

7. The apparatus of claim 6, wherein the reader has solely passive electronic

15  components.

8. The apparatus of claim 7, wherein the second connector has passthrough

contacts.
20
9. The apparatus of claim 1, wherein the resistor has a certain length, and is
coupled to a number of impedance-value-selecting switches distributed along its length, so
that the resistor is capable of being coupled through a selected one of the impedance-value-
selecting switches to the first contact, for selectively varying impedance of the resistor.
25 10. An apparatus for communicating with a host, comprising:

acard;
an integrated circuit (“[C”) affixed to the card, wherein the IC is coupled to a
number of contacts, including a first output of the IC being coupled to a first one of the
contacts, wherein a resistor of the IC is coupled to the first one of the contacts, and the IC
30 includes voltage conditioning circuitry coupled to a second one of the contacts for

receiving a voltage supply from the host, and wherein the voltage conditioning circuitry has
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10H a reader, having a connector for connection to a port, and a passthrough connector
10 for receiving the card and coupling to the contacts, wherein electrical components of the

reader consist solely of passive components.

11. The apparatus of claim 10, wherein the control circuitry is capable of
selectively pulling up the first contact to the output voltage of the voltage conditioning

15  circuitry, responsive to the apparatus being powered.
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output voltage, responsive to data transfer between the apparatus and the host, so that an

5  imbalance is reduced for signals on the first and third contacts, respectively.

13. The apparatus of claim 12, wherein the control circuitry is capable of

decoupling the first contact from the resistor.
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15. The method of claim 14, wherein the second contact is pulled up to the second

voltage level through a switch on the IC, responsive to the apparatus being powered.

16. The method of claim 15, comprising the step of decoupling the second voltage
15  level from the second contact by the switch, responsive to a detach indication from control
circuitry of the IC.

17. The method of claim 15 comprising the steps of:
driving or receiving a first signal by a first driver or a first receiver on the IC for -
20  transmitting to the host, the signal being asserted on the second contact;
driving or receiving a second signal by a second driver or a second receiver for
transmitting to the host or receiving from the host, the signal being asserted on a third one
of the contécts; and
decoupling the second voltage level from the second contact by a switch on the IC,
25  responsive to the apparatus transmitting or receiving, to reduce an imbalance for the first

and second signals.
18. The method of claim 17, comprising the step of re-connecting the second
voltage level to the second contact by the switch, responsive to terminatjon of the

30 transmitting.

19. The method of claim 14, wherein step a) comprises the step of:
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contact, and the switch is capable of coupling the first voltage reference to the first contact

responsive to the apparatus being powered, in order to signal attachment to the host.

21. The apparatus of claim 20, wherein the switch is capable of decoupling the
10 voltage reference from the first contact responsive to the apparatus transmitting or

receiving.

22. The apparatus of claim 20, wherein the switch is capable of decoupling the
voltage reference from the first contact in order to signal detachment of the apparatus to the
15  host.

23. The apparatus of claim 21 or claim 22, comprising:
a second contact for receiving a voltage, the second contact being coupled to
voltage conditioning circuitry on the IC for generating the voltage reference from the

20  received voltage.

24. The apparatus of claim 23, wherein the IC comprises a second driver and a
second receiver, so that the IC is capable of generating a second output signal and receiving
a second input signal, and the apparatus comprises a third contact coupled to the IC second
25  output and input signals, for communicating with the host, and a fourth contact coupled to
the IC, for coupling the host and the IC with an electrical common voltage, the apparatus
being capable of communicating with the host through contacts of the apparatus consisting

solely of the four contacts.
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asserting first and second output signals by the IC, for transmitting to the host, the

first signal being asserted on the first contact and the second signal being asserted on a
second contact coupled to the IC; and
decoupling the voltage reference of the IC from the first contact, by the switch in

10 the IC, wherein the decoupling is responsive to the IC transmitting or receiving.

'26. The method of claim 25, wherein the IC and the contacts are affixed to a card,
the method comprising the steps of:
| electrically coupling the host to the IC via a passthrough connector of a reader, the
15 reader having solely passive components, wherein the coupling includes coupling the host

to the contacts for the respective first and second signals.

27. The method of claim 25 wherein the step of electrically coupling the host via
the passthrough connector to the IC comprises coupling power and ground signals from the

20  host to respective third and fourth contacts and coupled to the IC.



