5 Determining a Logic State of a Device BACKGROUND I n an exanple, a circuit
may i nclude a hal f-dupl ex communication |line. Generally, a half-duplex
conmuni cavoamddene4i ncl udes a conmuni cation |ine that megThs2m@0sed: f or
both transm ssion of and receipt of data. The circuit may be configured to
swi tch anong various states for driving signals and/or for receiving
signals. In a transmtting state, the circuit uses the driver device to
send a signal over the half-duplex comrunication line to a device. In a
reéeiving state, the circuit uses the hal f-duplex communication line to
receive a signal fromthe device. The circuit switches fromthe
15transmtting state fo the.receiving .'ng an out put of the
driver, which generatQ{t‘“uliM=° Qff . dgl A8 §tion of the circuit.
SUMVARY In one aspect of the present disclosure, a systemincludes a
driver device configured to tra \ i signal through a communication
line to a device that is 20exte?%gkﬁyéRpﬁgééystenj wherein the

conmuni cat i onld dnnxaimple; arfregitmad itdudd 8 hal Rdwilssecangoaikstidorlae t he syst em and
to transpit signal o the system and.(ii) receive signals fromthe device
that is Qﬁlﬂeé?l%la?‘@%"{“ﬁéﬁxﬁg%r%‘%ﬁl%ﬁ%nt ige ﬂ&%v%ﬁiatcom%aw 5ne et GV ee ¢ hat

| Spext er gk ihdiR GaRSLES ofurldSbELNARaME VirER €A 0 W e fiQuuspRer at e a
reference value; and a receiver configured to: recefve, through the

comuni cawitdimnhangevariaus sates rsiryney sigfalseagidant {@5rebyiviag semalsutin ir om t he
device that i.s. external .to.the t.em ., and determ.ne.a | ogi¢c ate of the
devi e clEEPHRINEAHTE AL SOl T yEs b O iU ey 08 oug ot Purett (EHCRRe second
si gnal ogyhMEnieMBRUIM GBI deDick] MR rRcN ULt SBOEIAfi e WMHe halthRipldkr st si gnal
transmtted by the driver device; and the reference value generated by the
r ef er enceongayiigation lis! te meastvetd gzl om the deviee | beagiecugamiiched fieia thme or nore
of, _.the fpo] |l ow.n f ures. . 1n.so i ol enment at i.0 he receiver is
fuPther BT ReaR BT LR ACHT dh BB AR Dis o RenfTEfl Ve ue
associ at geheWitdspctibes selarfdy gingipedpeNiohlde tikodFouni cation line and the val ue
associated with the first signal transmtted by the driver device. In other
i npl enentations, the value received by the receiver includes a first val ue,
and the WD 2012/ 061644PCT/ US2011/45R2ARY" ecei ver is further configured

to: receive a second value that is derived fromthe reference
In one aspect of the present disclosure, a system includes a driver device

configured to transmit a first signal through a communication line to a device that is

20 external to the system; wherein the communication line is configured to (i) receive
signals from the system and to transmit signals to the system, and (ii) receive signals
from the device that is external to the system and to transmit signals to the device that is
external to the system; a reference device configured to generate a reference value; and a
receiver configured to: receive, through the communication line, a second signal affected

25 by an output from the device that is external to the system; and determine a logic state of
the device external to the system based on: a value associated with the second signal on
the communication line; a value associated with the first signal transmitted by the driver
device; and the reference value generated by the reference device.

Implementations of the disclosure can include one or more of the following

30 features. In some implementations, the receiver is further configured to: receive a value
that is derived from the value associated with the second signal on the communication
line and the value associated with the first signal transmitted by the driver device. In

other implementations, the value received by the receiver includes a first value, and the
1



val ue and the val ue associated with the first signal transmtted by

associated with the driver device. In other inplenentations, the

recei ver we 2biwdsnen confi gured to: conpare the first valPae/useotijoss2second

value. In sone inplenentations, determnation of the |logic state 10based on

conparison of the first value to the second value. In still other

i npl ementations, the value associated with the second signal on the

conmuni cati.on |i.ne includes one or nore 8f voltage.v |.ue or current
iR

vaPue; wiEPEFTS {HESY SPRIEUERE G TSP ¥ AnPIRd PRI St diom 'gAgiiered by
the drivenudew @€ vhine hidentc@neitPihe TREQiRh| RandBlitQOS, 43R cPlvif YT T ent

val ue; and the reference value generated by the ref'erence device 15i ncl udes
one or ndmerdevige.r ef erence vol tage value or a reference current val ue.

In sone inple at.i ons he ¢ nicatian line inclyudes a half-duplex
communt cat | on (e mPTisHAN BT Beeat f e Smb et PoSofhetf oLt o na
to the sygtem thesdcdaesalapelPdoniiing]@herfatthing kdelrinvitation oMeHBIbYicdfatd/e, or a
solid state drive. In still other |nﬁienentat|ons, the logic state includes
orfé or nbased or camnargien|od icctinst eales @ribe secpewalugi b idlathare. In ot her

i mpl em:"nlt léﬁ&ﬁaﬁ ts ﬁlefvlafu%tassl ed »_Ri*ﬂf#e'sé tnst ln;’r{F r}ﬁle%ro;%%u%ric Itigﬁl rﬁng he
second val'ué; "and at a secon I Tre: & val ue TheCariver devi cé changes
rel ati veinkdtdhéneval mire of atvbRagl talier ordedtireat atlud; Mhefdin fe valudssaaiided he fir st
val ue remains greater than the second value. In sone inplenentations, at a
first tivhthofastyigagl tppyged by thesdivicndeviehidchideoons osgerr 962 valkeecat a
second tifg: ot h Lyg,of & i o 8 ff Y, t he val ue
of the d{rlalﬁ\E;ee? d%ﬁe@euayataﬁg@% I%sétrgﬁenvg;ﬁl\éﬁgert %g%? i reste é\}ra dSea%rltecrgnai ns | ess

t han t heinskdofhchoval mi@re of a referchoe sdliagk veluber a irefpleecentramt vaisg. t he | ogi c

state of the pevice t hat is.extﬁrnal to. the stem.i s Eﬁfﬁd on the second
val ue and t heTr oS BILENcaLtions. the cupmunicatiteitsipgidorshalt-AwleX r st si gnal

adj usts tdRmbhicstonidcuan b&e@ﬁﬁ;l%ﬁ@ﬂﬁﬁow, IR Rvick sk i &t@ha1Qp A Ritekhe first
30signal adjusts the second value in accordance with a second rel ati onshi p;
wher ei n inkkides et ormedraoff @ dsdiduiviesa memaeedrivdaer 4 bolst statalduse.alndbtillhgherecond
val ue; the.secgnd relationship i.s.between a value affected hy .the device
Uhat o1 s B raner 1o SRl d R ng oF Bros EF by TS p b oS}

rebati onghicp i s dependent on the second relationship. In another aspect of
the present disclosure, a systemincludes a first device 35including a
first receiveln ofher imptanpastations.aép fige inge thefirsievabirils gesater dhanibe sRFOAd a
second / =T/ - IV - Q LVer

devi oo M AN st e e D Rt SRl o B R BRIV v co
and the sederer dewece thewher t@he dndehd firssvalnetmianer gregercthad thguyeahdt o
determne a first logic state of the secaond_driver, device jndependent of a
second | Wie Wysames igplanpratatiopgat g firsy dimey s Tt vadwrgis igse thanidhe #s0-¢cond

(981 Ve viige ARG OWCBH e IRESAILIF iR RPAANG LRLG SEALE Ohe LR bE T ST

driver device I ndependent of the first logic state o 10second dri ver
devi ce. the driver device at the first time; and the first value remains less than the second value.

In still other implementations, the logic state of the device that is external to the
system is based on the second value and the reference value. In some implementations,
the first signal adjusts the first value in accordance with a first relationship; the first

30 signal adjusts the second value in accordance with a second relationship; wherein the first
relationship is between the first value and the second value; the second relationship is
between a value affected by the device that is external to the system and the reference
value; and the first relationship is dependent on the second relationship.

In another aspect of the present disclosure, a system includes a first device

35 including a first receiver and a first driver device; a second device including a second
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| mpl enent ati ons of the disclosure can include one or nore of the follow ng
features. In sone inplenentations, the first driver device is configured to
transmt woeovoemame first signals fromthe first devi cecrasstée/oseennd

devi ce over the communication line; the first receiver is configured to
recei ve one or nore second signals fromthe second 15devi ce over the
communi cation line; the second driver device is configured to transmt one

or nore third signals fromthe secgnd device to the first device over the
cofinuni cHEFISH 4nd r?esec%ﬂﬁjo‘{rﬂ% deesand A &eBMpRIcafian igniqr SRR EiPRcei ve one or

nore f0“5&@@&1@@@&§1%5&8hﬁ@ﬁwsb&ﬁMxQQ%bQﬁh8¥ﬁﬁhéH%tﬁ%@ﬁ%ﬁhQ@ﬁﬁQﬁedkﬁe I'n
ot her inplenentations, the first logic state includes one of a high logic
st at e ordecrinone & ﬁgﬂtéogdz st .of 23 secetd driveotitrgee mdpﬂ)eeudemtmétmsmd logne first
driver dev i S.CO red to,transm,t one .or nore fi s to the
Socond & SR ATROMos? 08w WD oAt o ffonRbisdud AR fug

si mul t an@i@@écdntﬂl@g@@ta{d'tﬁ“ tBeER0grtridéeice ﬁﬁfép@rﬁiehtsoﬁl@@ﬁfsg Weedstite of frRNSM t  one

or nore second signals to the first receiver device over the comunication
li'te. | nsesend drivgidevies- aspect of the present disclosure, a nethod _

: np | ement ed b%@e&'eﬁt?twt%%‘%?ﬁef d\’lgcl{)ﬁl% ?qlelﬁclu & Sﬁé/ dﬂg%re Dfsle t%llg&ﬂg‘m' Ca.t Ion
ine, a signa pecifying a firs er ei € conmunication line is

confi gur Rdtuk@r Thisordlt ireplibimenationso mrfitsicdiico deied Weenfiglied fo tigismitedncee and
t he second devi ce, and wherein the sjgnal is affected by an .output of the
first deWPEf‘eﬁer?dg%ﬁI%frﬁ'@ the Eeééﬁacwﬁhesqcpeﬁiﬁiewaer P¥rs thegommpwnicEigndingi ng a

refer encﬁle}fgét‘fgeen%‘?ﬂ édi‘i‘ﬁ@hf%g Rasrd ofl of Hl% {deSid M%Mf@fro Nfc SeeRMd val ue,

and the reference va o ic state o the second devi ce
| mpl enendati¢ccansr tfe cohenudiistioo skme gthe savond dtivudelcoive i0contignedad tﬂaimm’t ol I owi ng

features. In sone . tat|ons e .net hod |n | udes generating a first
sunnatloW“V§FW§eﬂ%‘g§ Eﬁ%‘ ?F%Pnég?ﬂ@’Qﬁ ﬁ?@ﬁ%ﬂﬁg ue; generating a

second Sédm{lm@&ld{ﬁﬁﬂée aRPBRdeNdBRIRS %Oda)dﬁgaﬂeueo andivk Bec behereRaanval ue;
and conparing the first summation WO 2012/ G61644PCT/ US2011/ 059221 5val ue

to the ssgonsiiremthafirstdevied oy thehamahwnideiosr menilm gthenmhpldwentatdatsethai ni ng
based on.c nment,at i.ons, gﬁge first summmti on

o oa TnaRERE yiimdtydes ope Pt bRkl Baty SOHISEE slcnt w b the. {11t

agunt based BrstiiNgh&emPRshonddtiens, tM@ﬁfseaﬁvérfaev&eWﬁgmm tr@kniabiee
i ncl udes the reference val ue adjusted by a second amount, with 10t he second

anount bersaeredist signadsde shrisogand eceinpriankrsoapnthe gempiunicationBinget of f set s t he

second. am bl Vi iblooBL AL o TRLSOROLALICPRSic CRIBRELNG L1 hithe

summat i on va e second sunma ue 1s su he "'sane as
conpar i ngr ronéaktndoiigralsato ith/eeﬁrsofecelher & tendcdteicomntunidatien tieg.er ence val ue
I n other inplenentations, | ogi ¢ state includes one of a high |ogic

state or a 15/0cwWlhaagther §ﬁtp39fé>f thl%preﬁanf disglopie. 3 mpthedemplsmenicd bytaHast i r st
vakue i nglyidesiciaas @Eelmg,eo\%{r a @ommunication line, a signal specifying a first value,

wherein the communication line is configured for bi-directional communication between

the first device and the second device, and wherein the signal is affected by an output of

the first device; obtaining a second value from a driver device; obtaining a reference

value; determining, based on the first value, the second value, and the reference value, a
30 logic state of the second device.

Implementations of the disclosure can include one or more of the following
features. In some implementations, the method includes generating a first summation
value based on the first value and the second value; generating a second summation value

based on the second value and the reference value; and comparing the first summation



first voltage value or a first current value; the second val ue includes one
or nore of a second voltage value or a second voltage val ue; and the

r ef er encewoabiedeidial udes one or nore of a reference vol Pagase@li0ser a
reference current value. DESCRI PTION OF DRAWNGS 20FI G 1 is a perspective
view of a disk drive testing system FIG 2 is a perspective view of a test
sl ot assenbly. FIGS. 3 and 5 are bl ock diagrans of devices that use
conmuni cation |ines for bidirectional .communjcation., FIG 4 is a f]owhart
of San ex¥Hi ¥ tb? Skeond Syrmaien Bhv: i i OPSBTRIG it dgy dgfersmiging Hacd i Ke
referencg, in the various drawings indicate |ike el enents. DETAI LED
DESCRI PTION As shown in FIG 1, a disk drive testing system 10 includes a
plurality of Megtherriapksnch@diofs.the first urhmgtion wdksinshidenthe fasttvabiesf er st ati on
200, and ropot 300. As sho i OFI G .2, each test . slot asse 120
ol uaes QiR airyappun SHtis froigae Gt iahe sigha Byge: TRESHY. arive

t r anspor §@bndlfnmstidtsedud PElugaPthy kdBneld $diudidjvesd BPP sdcBnd amolifitoWith he
transfer station 200) and for transporting the disk drive 600 to one of the
t d8t sl oths se@odfagounelasphgn therpeegndesaliep a@c,? wheyein the firs papousioriseisythe ncl ude

el ectricgl o] - tq. ./ 6 114059221
5provi de&fgﬁggrﬂ@g t'r ?Ii %tflpg%%ﬁ):@%}éﬁt%hm%g%@é %mg % t4i gﬁ%ﬁyﬁ\gf 21 Véé)lt?s[gnd t est

el ect r onihe Sedondtsumhawon vhle idwibaastidtivahe shrh€sd congeking @Galue of a driRef & ri ng to
FIG 3, the disk drive testing system10 (FIG 1) may al so include a device
1104 to WESRoME devishimibe &tfrsACHENWRen test el ectronics 1102 of the test
sl ot 500 and : I I I he exanpl e
of FIG 3, thgn)g%ﬁ%@ﬂ%%?%%%hﬁﬁg%%%g§£§eggﬁ%%%?§%§{%¥ﬁrgﬁgé%%%g?%a receiver
1130 andloav ldgicweate.dbwatitlentick idiplehrentatioss, exainst eglud ineludosronmeroadicofial i ne 1108
i ncl udes If-duPIex &onnunicat'on line. Si n%haggre transnit{ed over the

ah
conmuni cﬁf%ﬂtaﬁidg Ug 08 2 {1 cafrghfaalicntlls shernd ¢ SHRE QEMWYS €43 cs t hat

can be d@c@ﬁm&ﬁ%e RYIu¥RF b Q4tond ‘%it@ﬁesvahé? aRERE e RRHAH8L18E helddR€one or
characteristics of a signal transmtted on the conmmuni cation 1108 are used
by the more ofareference voltage value or a reference current value.

DESCRIPTION OF DRAWINGS
20 FIG. 1 is a perspective view of a disk drive testing system.
FIG. 2 is a perspective view of a test slot assembly.
FIGS. 3 and 5 are block diagrams of devices that use communication lines for bi-
directional communication.
FIG. 4 is a flowchart of an example process for determining a logic state of a
25 device.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
As shown in FIG. 1, a disk drive testing system 10 includes a plurality of test
racks 100 (e.g., 10 test racks shown), a transfer station 200, and a robot 300. As shown in
30 FIG. 2, each test slot assembly 120 includes a disk drive transporter 400 and a test slot
500. The disk drive transporter 400 is used for capturing disk drives 600 (e.g., from the
transfer station 200) and for transporting the disk drive 600 to one of the test slots 500 for

testing. In an example, the test slot 500 may include electrical connectors (not shown) to
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15receiver 1110 to determne a logic state of the external device 1106.

The driver device 1112 includes a device for transmtting signals, e.g., to
t he exterweal2otsice 1106 and/or to the receiver 1110. TReTnsSe@iws22devi ce
1110 includes a device for receiving signals, e.g., fromthe external
device 1106 and/or fromthe driver device 1112. 20The conmunication |ine
1108 is used for bi-directional comrunication between the device 1104 and

t he external, device .l In.an e dir nal comuni cati on

i nél udesPRV4eA % clegH ﬁPl@amnmUPlﬁﬁ%W% fhgadeﬁ?%%ve @@éfﬂ &8t BYCHHECSHB0S ce 1104
(e. 9., oW hentasioctRtHNCH01102) are transmitted to the external

devi ce 1106 and a second communi cation in which signals received fromthe
ext er nal dewﬁefemmwoeﬁlé 25he disk diive sdtingsyotegh 16 AG: épmiay elso iddddeto t he
test electro rec r 0. i.ncludes a
Lo ar nnare L3 1d Bk gommytiéa i B RERL Ry o6 TUERHAF bk Y T ecei ve

one i NpUindedn dxii@nal- devfc@rlmweel g adisk aned G(ﬁ? InPetexahplet® FiG! 3 tRs ddwvi@l . The
inputs to the term nals of recei ver 1110 may i ncl ude vol t ages,

cufrent sll%ﬂaclgéeﬁmmfnumh@lqné&@u 8§, arpegversl lderaﬂd guriser deyicedrpar & t he
I nputs r %? éx‘éﬁl leatt € co ut{lgatfgnrfﬁleﬁ 10%‘11&112%? %Xlﬁ-%lc)f‘éx ng%lun?c%?l?%?[le 1110
evi ce. ase on e 0]

i ncl udes arator arison e Fecei ver

1110 det Slrgﬁlllﬁ afe ttanksoiited Blathe cofmniunécagivh e mahnctl@v ktgﬁalﬂ; 10fy hheseakian t he
signal on the conmmunication Iine 1108. Cenera a logic state includes a

val ue t heltraclistiay bat Gndicristermingd byeagipuy qlf‘énqeﬁpéts deweibEd Beredy thene » +
ter mnal oiplyddRECGE] YEal Thhdniied ofthd RERERREHiKAIYE af el bynd © @ val ue of

t he i nput 35recelve the term na e receiver
2052/061ﬁﬁdPﬁﬁHUSZ®ﬂmkﬁmﬁazhnﬁtmmmbmmmﬁmhnamkwghdlﬁﬁates of the receiver

1110 include m/Io i.C d a_hi ic.state. |n a lowlogic
state, the va rb‘fer ECf iLﬁ?t mF@g%&i Q/gﬁ’l‘%tfof Hgnsmrlmntge“ﬂ‘%ﬁal?af: 2> L0 Wecr eased
rel ati Vee;@t&nﬁﬂfevi’c%l 1486 Qﬁd/BPf% thORYEIVELEEIQY Bthe @b e device | EI0TThBRLes Ahen t he
receiver 1110 is in a lowlogic state, the receiver 1110 is configured to

out put ad¢vagsi for vakivengofignads; 0.2, T®NMthg ehtegrlral dogie 1 Kitaand/ortfroen theldryenf t he
i nput re eLve@l t the "+" termnal is increased relative to the val ue of
the inpu V¥cei'ved at the "-" terninal. Wen the receiver 1110 is in a hi gh

lagi c state, ThecdrR@ehi@ionliinkll 108 i€ Rt ifgUsiRHrctBoRY M MuBichOGH Betwabiie of
one. In the exanple of FIG 3, the driver device 1112 intermttently (e.qg.,

peri odi ctieldgyice 1 @%@Hkmﬁaé@§¥$d€%ﬁebM@ die pn pemnle.rebirditcetionsl s, and so
forth) t ECQ]E[%{HHE&U 1991?111@51&1%?{ &%ﬁlﬁﬁ%hﬁ/&{lnw& ?ﬁﬁ'al% %C%l@gﬁl Eﬁ Rl devi ce

1106. Th rrver I'S progranmne ronics 1102 to
transm t 1 804geal, Srap dritéstichgtruvmbks ApR) sl tmrnlttdd to hh@exeerammieel,cetlm% aid ver
device 1112 is programed to transmt a | ow voltage value (e.g., OV) and a
hi gh vol & é@@n@am@u(l@agon ingyhyich pignali srcpivied Sseanibe sxtepngl fevies btdRetre | ow

vokt age Qﬂsﬂﬁ ec?’ﬂﬂ?h@ggﬁ'e %9&1(7 18%’?11&@& efe%&oﬁ@s Ypd. The low vol tage val ue

has a va ue t ecrease e ative to a value of the high voltage
val ue. The exhemnahm@kyﬂmse&ﬁﬂﬁlaﬂéoumﬂhsad#b@hhwmkmﬂnsﬁ1Hammndndmg to the

recei ver 1110. e ext device 1106 is_al.spo d.to.transmt a
| our vor t5gavoal 10 Ta R iyn N T e R PeRER A S Re Rk Oy 1110,

the driveg «devdrffnal 1TRe Apdtstth ehatrgih MR lof 8RUMEESV e 4960 may include voltages,
currents, and so forth. The receiver 1110 is configured to compare the inputs received at
30 the terminals. In this example, the receiver 1110 includes a comparator device.
Based on the comparison, the receiver 1110 determines a logic state of the
external device 1106 based on the signal on the communication line 1108. Generally, a
logic state includes a value that indicates whether a value of the input received at the “+”
terminal of the receiver 1110 has an increased value relative to a value of the input

[

35 received at the terminal of the receiver 1110.
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25al so have low |l ogic states and high logic states. Wen the external
device 1106 transmts the | ow vol tage value, the external device 1106 is in
a | ow | ogwo 28t2ateee44\When t he external device 1106 transnpC3/usb@isghi vol t age
val ue, the external device 1106 is in a high logic state. Wen the driver
device 1112 transmts the | ow voltage value, the driver device 1112 is in a
| ow |l ogic state. When the driver device 1112 transmts the high vol tage

30val ue, the driver device 1112 s in a hi l ogi.c state.. The devi ce
1184 al so i ncldllfd’e?‘aﬁlp ee#%%“éﬁ&tés ate\s%e&%ce?f?é?{hﬁfﬁ‘nd% az‘?‘%&ﬁgé‘hﬁé‘ﬁ WPeh a

ref erencRiohMHesthR: In a 16w H@i@ét@@?ﬁc\(&iu&%Qﬁle\ﬁﬁlh!r{%cefimtat iR ‘Usednhivaltine
receiver I110 in determning a logic state of the external device 1106

based ond¢chesed girdive dmthehelicadthminpattriconvdd at¢hel 10 &rmimal.a Whenitlt i on of FI G

3, the referen devi c 122 e a .35 ihce that is external .to device
Y061 REHSENCH VS SBpaRE R B P RIS e s o R el
2012/ 061644865 7/k552011/ 059221 5Smay be configured to retrieve the reference

vol tage value froma device that is external to device 1104. In an
exénpl e, the Inoyhighdegie gatst thealueof Ereriaputdesaived of thoe ™7 derginadrimi ned by a
compar| Sl?lgre%eda}eﬂ\é llVé A9 \’;Q‘llub'%r {l{ee}ﬂﬁumrécte%%dgythteh@” LRGN a\thgrgﬁ{e.Ce 1106 to
the reference voltage value. Tnthis éeXanple, the ext ernal “devi ce 1106 and

the dri veceigavilae idihl@highyogid Qatel to $edcivey 01 1R @on@¢uredtd cutpiie logicei ver 1110
at a same tine (e.g., sinultaneously) and/or at a substantially
si mul t an¥BY&0k9M%e. "The "-" terminal of the receiver 1110 receives as an

nput a vol tagenyalug,ithakid S ale d8AskeRaY 119 iBRARHAR Lhe. yoldiman,val ue

transmtted by t ver device 1112 and the voltage nce value of
t e r ef ecomiceowsdy iacprelde®ided fitve ifitetvatseamd svaforthj trédsenitsasgmialsao thelrt€eivacei ves

i nput | t | ue. that i | east. t|y 15based th | t
Jal e tr o ana devesd i Bediie” teued B Fnwmray oy o
transm t {iedrdiesting2 & {ry&hiﬂﬁgﬁaﬁ@sp%éﬁ%ng tbﬁ%%%m& . Yot asenle, tedflict ver

device 1112 adjusts values of inputs to both termnals of the receiver 1110
by an andamee tIH3tis plogmmemedie tramsmitwdowvbitege wrldetces. ni Veandrdtiglevoltdge vol t age

value transmtte t he, external device 1106 i reat er an or. | ess than
Uherer ePUICE 4ot Vhge 0apEroampie sk dating voBudl vilks 0P taes Ve as
| PpUt S atalbdieah ®F k&Rl Fhe [bRE/OIBEEVAIRS habhhAhicsthedntibGbsed rdl@ivdabar m ne a

|l ogic state of the external device 1106 based on the signal on the

comuni c¥lioef thp highvpdigge value. Thaexggineldsivsed 10¢ plso perdedicadly tiensmits ecei ves as
i nput to] i fa st | I ) i-nput

vol tage ap BB Py " R o0k} PR MW ARG AERERIRAERY) |
based onlobwheltagt valge awdih bighfvotiagd Veduadr i ver devi ce 1112. In this exanpl e,
the first input voltage value is d ved froma voltage val ue assaqci ated

with the cormbWiita{q B reoeher 1148 ﬂeegér'@V.er dayiFetlerngyhe PepEM Sisnd 0prom t he
Osher el SR 8AGSAR, LI et 85 39021 o0 o iate Vel
on t he ctwiewivobiddeonnlld the ckkddlidsviaé 1 Bt isdn byow logic state. When the external

device 1106 transmits the high voltage value, the external device 1106 is in a high logic

state. When the driver device 1112 transmits the low voltage value, the driver device

1112 is in a low logic state. When the driver device 1112 transmits the high voltage

30 value, the driver device 1112 is in a high logic state.
The device 1104 also includes a reference device 1122 that is programmed with a

reference value (e.g., a reference voltage value) that is used by the receiver 1110 in

determining a logic state of the external device 1106 based on the signal on the

communication line 1108. In a variation of FIG. 3, the reference device 1122 may be a

35 device that is external to device 1104. In another variation, the reference device 1122

6



both the voltage value output by the driver device 1112 and the voltage

val ue out put by the external device 1106. In this exanple, the driver

devi ce 1D arxbeidi@ external device 1106 both out put voltags2valosesl ont o

t he conmmunication line 1108, e.g., at the sane tine. WO

2012/ 061644PCT/ US2011/ 059221 5The second i nput voltage value is derived
fromthe voltage val ue associated wth the driver device 1112 and the
reference voltage vajue. VWile the driver device 1112 affects the voltage
vaPues i MBUPC COTHRECS QrRirivys S g ange veldagevatuefioppa deree Helisesiemp o i s
confi gur gdisuclpat hat the receiver 1110 effectively conpares the voltage
value transmtted by a driver in the external device 1106 on to the

communi cat i onlnl dnnexainp@B thedogikstaldolehe exnmel dolitcagd®buadeiermingd bescri bed in
further detail below. n thi X I the vol al rovi ded by
he. oxt eFIBIrRY LB ali88 Yol B Rd B e d Bt EBe T ecer ver
1110 is asliagsteRle( t s cxdBId, KRDxtdINalldeeicY 9l d@GR] thaldHeeisy Ridt] 1DY ntage driver
device 1112. The vol tage val ue provided by the reference device 1122 to the
r é@ei ver transupt Yodtage seluadiotbe egeivgr HE af o stmgEmedr ge souitlisueousty) eRé/otr i ver
15devi ce - t hi s .configurat ] t [ it e -+ m na

of the rg%é%égwﬁ%@%%ngﬂgnghé”%ﬁ%u?g¥d'?ﬁgﬂmﬂoggpﬁgﬁg(x&?lﬁggepg%g%%%r 1110
are bot hinpdj arsdlege bylut et woltl @geparay besed whphy vdljagt helud trannittdé vy e 1112,
Based on this adjustment., the logic state of the output of the recejver
1110 mat e1ess dewes | bl andthaveltage refkesnge valugef hareferenpadeisa tgd- gyt hie

ext er nal teﬁﬁﬁﬂapgftpé%ﬁl £ BORANR Iaﬁﬁ%plﬁg%ﬁagf%&gﬁa ided 1@%1%59&1%9“ the

20comuni cation [1ne ore the recei ver anges Ic’states
friem a hbayhd bogiccvadtagt ealtotrandnotted bythe exteatat device 1104 andithe soleagarvplue, t he

driver device 1112 and the externpal device 1106 are configure o]

si mul t an&HENYe AT Y& @_lg-nlfbﬁgufea}ﬁﬁ]mgﬁa e PP AT 1A such,
the vol t ag6sty AN dFinfStoMRLGALS FMhd 1068V 08 0 BMnkenhf @6t adwy the
out put of "the 25driver device 1112 and/or the output of the external device

1106. Usihagedeher § &bhio dgteeminteshethdrabic halfage malut rensientcd by tcoxktéraalconf i gur ed
to deternineigplogic state oi tﬁg/ggtegnal deyice 1106, w t hout Q'sabling
the driver Feli00d> § 115" ﬁ’é?@?,“@ DA VETHEV P11 1Y T dEr Y to

peni odi Caditage FNREDFecEiOBE hdMPHS lhythe RehahA), thdcéibe dnDveEondiguicdao 1112
continuously operating, the device 1104 is configqured to decrease an anount

of | at enésferaupen it satcy thei extanal dgvige d 1 @nbased ap thasgnshpe dicon of the dri ver

device 1 ST e nef erence val ue voltage of the reference device 1122
pr onot es eu?%a¥gugpélggbf the output of the receiver 1110 to match the

| ogi ¢ st ate ofn dnhexasplee thrakcadestild @0 tdbvebasmguan itshanshgnalirginpune

communi cation line 1108 (e.g., transmtted fromthe external device 1106
and/ or af9lBege aalupgnda seRINA iHPUG I Oltags VaceHA LA eR/ithe InPYDE)tags Nalyss dxanpl e,

t 35re i i A, Qi . t er nal
0%, 22 ThSLoRE ULl AgReCalR L AR DRI FPTRELD ISk etahe.

first input voltage value is derived from a voltage value associated with the
communication line 1108 (e.g., affected by transmissions from the external device 1106
and the driver device 1112) and another voltage value associated with the driver device
1112.

30 In an example, the voltage value on the communication line 1108 is affected by
both the voltage value output by the driver device 1112 and the voltage value output by
the external device 1106. In this example, the driver device 1112 and the external device
1106 both output voltage values onto the communication line 1108, e.g., at the same

time.



5low logic state and/or in a high logic state, e.g., based on the voltage
val ue of the comrunication |line 1108. In an exanple, the reference
vol t age waibuelZostdsudes a val ue that is greater than theprCowsSealiagel val ue
of the external device 1106 and is |less than the high voltage val ue of the
external device 1106. In this exanple, the reference voltage val ue includes
a nean 1lOval ue of the high voltage value and the | ow voltage val ue of the

ext ernal devi 1106,.1n this exanple,. n the voltage value transmtted
by 5t he.ext er nkhe RFEOTE Py etags Vépgg%%w?@gﬁnvﬂwlé%& heassrsisBitbal ue,

the ext efaaliveeydve® 1119Gnk ghel rBefendl 981td RAiafucS Wik thWERet iejckalijage val ue
transmtted by the external device 1106 is |l ess than the reference voltage

val ue, t #fécaexthe vpldgedahics enplil @6thi serimmnads dfahe kasgiver bL1d) the dbsideil@4is1104 al so

i ncl udes resi stor 114, 1116 8 120 to wei ght the vaqgltage val ues
o ovi deacdnrane e Bt sScrhGr AL St ER o BorEs B vatlage v BEBRHE T e
driver d@yb@ﬁvéﬁﬁ&w<§Mﬂﬂ@kﬁbkbﬂmoéB@yﬂ@kkaﬂﬁuMﬁhH6§hﬁ%@Mhﬂﬁdh@y t he
external device 1106, the driver device 1112, and the reference device

1122, t heeferendecoltagovplp. efrdesssbed weuethersistaldiolove | ogi ¢ state of the out put
of the receivgr,;111 d |l Qql ¢ a f . the e j 06 based
on the signal ﬁlotrl%gs'ge}“u gmﬁfo%r’ﬁlr% r?liogg%? %aﬁﬁﬁi érﬁgfaﬂ!%ﬁtee&%&?ﬁ?se Vég 19 % é\gﬁr%@;@ an

out put f sanmtieatéoat @10 detticaecclddda) 10 is adjustdiqd@s mivdified) Gy the vditagk and G

are illustrated in FIG, 3 and will be referenced in_the bel ow passages. In
the exanpilee otpy iy thg drikggievigeilptt-ubesveltage velig eravadadedrt harelPrsnes ansni t t ed
by exter gaicdlfhas ik0fiydi9deo B IBFIHHRS! B MELHRAR MRlURANBY deapUt bY

25t he receiver 1110. Node D incl udes age ue that I1s"transmtted by
t he t est daliectirl@niBasedldOhist cnfiperaton,tke ingettocke "H't2rmiNeldd e fencbedes a

vol t age lue that is trgnsnmtte the driver device. 1112, e.g., and may
be. the shd ¢ BrinuSulie Gl ol brteivel | et BehotplaBy i Yatg

gener at eyﬁué_’@t!lt%@tgﬁl e wiidg Refwaem t BecaRHeRIs AdjubtmdiRdRe Beld\@livdemea val ue
that is indicativé of the voltage divide between the nodes A, C. 30The

r ecei veroutpuidoithecwicsmer il Omipschies thet logivistatd of the voltdgeaghievednsmitied bydhle G

Node E includes th ference voltage value that, ig transmtted by the
o or once g G b 108 B S R e Tahd S8k RubfRE Lol t age afvi de
bebween ¢dieminid@sontined 108OEréEtherreddivde 1 80 Viaindes fobRtstdtss frdiiatagt wgicof the

vol tage divide between the nodes E, C. The receiver 1110 receives at the
"ot er mitRgIto & hev aglic Hafe. val ue at node F. WD 2012/ 061644PCT/ US2011/ 059221

5As previ ousl sc¢rihed,, t L var C t t received at
the "-" term %atﬂ%te%&ltnﬁge’ }hr? ﬁﬂult%{ (265’2‘%6\,@& 22# &t ee&mlt%%?]l&gﬁé?agﬁas ed on the
conpar i semfiguted to edailiaacouklylardailiteyi ghahesn thhebinatunicatibn Bins M 08. aAd ieh] ogi

state or .a high logic state to. the test electronics 1102. The receiver 1110

out put s B VRERS Bl Qeih EOMAYNEALIPY Enof | (31Bax BRpASIIEOhY Berrtuhethpy t he
regel ver dqf&geviéé | szeéﬂd?d’r%hé/ 0 g&%ﬂtf?@%terﬁgﬁde@ﬁ\é! 1966 110f 8"[ e thOIAMdsgured to
pronote a logic state of the output of the receiver 1110 (e.g., at node B)

described herein, the device 1104 is configured to determine a logic state of the external

device 1106 without disabling the driver device 1112 (e.g., the driver device 1112 is

configured to periodically and/or continuously operate). By the driver device 1112

continuously operating, the device 1104 is configured to decrease an amount of latency

30 generated by disabling and enabling transmission of the driver device 1112.
The reference value voltage of the reference device 1122 promotes the logic state

of the output of the receiver 1110 to match the logic state of the external device 1106

based on the signal on the communication line 1108 (e.g., transmitted from the external

device 1106 and/or affected by an output of the external device 1106). In an example, the

35 reference voltage value is used in determining whether the external device 1106 is in a

8



matching a logic state of the external device 1106 based on the signal
transmtted on the communication line 1108 (e.g., at node A). The

vol t age waibuer/wicsthe external device 1106 and the drivecTdseeiaespil2 have
| ow and hi gh voltage values (e.g., values of OV and 5V, respectively). In
this exanple, 15when the external device 1106 transmts a high voltage

val ue, the external device 1106 is in a high logic state. Wen the external
device 1106 transmits a | qw vol t age val ue, %he external devjce 1106 is in a
o | ogi Beloatestinandioraniadial (Peifcdiipi e dbisib AR SAYAR Winel Bfe the vol t age
val ues tgaRshithes ¢ tilog external device 1106 and the driver device 1112,
respectively. 20The inputs to the receiver 1110 are at |east partly based
on t he vol t agh anadxaswlatherottesncA vahiekeGalwmsndedasrd Wndat thhioy grea®h¢hdnshow Tabl e

Lo o AP S TR oG L bR e BTG fuiiesPoncs
the external device 1106. In this example, the reference voltage value includes a mean

10 value of the high voltage value and the low voltage value of the external device 1106. In
this example, when the voltage value transmitted by the external device 1106 is greater
than the reference voltage value, the external device 1106 is in a high logic state. When
the voltage value transmitted by the external device 1106 is less than the reference
voltage value, the external device 1106 is in a low logic state.

15 Device 1104 also includes resistors 1114, 1116, 1118, 1120 to weight the voltage
values provided by the reference device 1122, the external device 1106, and the driver
device 1112. By weighting the voltage values provided by the external device 1106, the
driver device 1112, and the reference device 1122, the device 1104 promotes a match
between a logic state of the output of the receiver 1110 and a logic state of the external

20 device 1106 based on the signal on the communication line 1108 (e.g., as affected by an
output from the external device 1106).

Nodes A, B, C, D, E, F and G are illustrated in FIG. 3 and will be referenced in
the below passages. In the example of FIG. 3, node A includes a voltage value that is
transmitted by external device 1106. Node B includes a voltage value that is output by

25 the receiver 1110. Node D includes a voltage value that is transmitted by the test
electronics 1102 to the driver device 1112. Node C includes a voltage value that is
transmitted by the driver device 1112, e.g., and may be the same as the voltage value at
node D. The resistors 1114, 1116 generate a voltage divide between the nodes A, C.
Node G includes a value that is indicative of the voltage divide between the nodes A, C.

30 The receiver 1110 receives at the “+” terminal the voltage value at node G.

Node E includes the reference voltage value that is transmitted by the reference
device 1122. The resistors 1118, 1120 generate a voltage divide between the nodes E, C.
Node F includes a value that is indicative of the voltage divide between the nodes E, C.

[

The receiver 1110 receives at the “-” terminal the voltage value at node F.



111 Table 1 The calculation in the above Table 1 assunes that both the
external device 1106 25and the driver device 1112 have high vol tage val ues
of 5V andwbamwshd4age val ues of OV and that the refereneeTwsktiiagso2enl ue i s
2.5V. In this exanple, the output inpedance (e.g., resistance) of the
external device 1106 is decreased relative to the output inpedance
generated at least in part by resistors 1114, 1116. In this exanple t he

rati o of the yal ue. (% %g% %644PCT/E§&£11/0592§1 50f reS| E 114 to
thé val ue of reETIWSYeE dtf REFCHEt FOTRIECS ?H’é’ublfec?%% %ttt f 1118 to
the val ugr@fnal ®%hS It Abd0c@hit@ns uPstaRhhal Bakcd B tRAWenparison, thd RcdifdS
exanpl e, the output of the external device 1106 may be enabl ed when

transm tillrﬁ)gie(t@nme,s vdicreakstrapntitvelodelogestad 04y hlghdogic statsl tedhanketn r ecei vi ng
(e.qg., als fr devi c revio crl d, the maxi mum
Voi tage ditifaes BT, Eﬁﬁa%%vaﬁ PLIY il 45heBe T, B o EREE PRES s i mun

vol t age &Hnﬁa!ﬂﬁoﬁ% itRrdckiver 11103 Awemus@/dedcﬂbédl itlfe @vml 164 i he
resistors 1114 116, 11 8, and 1120 have a sane val ue. As previously

dédcr i beepnfiguridgn piashetagdogiapate Qfﬂh%wtn@rqfélgﬂpr@ﬁmerﬂd 19 (hBght ms.&) state
wWth a V1%| #ﬁm favlggﬁ esta'géf J)totﬂ’e \égte{n%ggehl S félfg‘m% feg‘/on e Sl%%&&&%%lﬂ&t%& ntﬁgv logi ¢

state 15w Zero. en-no ave val ues
|ndlCatlMﬁn@ﬁn&ﬁﬂbdﬁnﬂKlOSKageStmﬁmgX) Ioglc states with val ues of zero),
t he vol t age value at node G has a val ue and the voltage value at node F

has a val ue of havaltpge valies,olthe sxtgnpl @%vg%erllt?édmdtthf‘ed%r flaygee VHlahavat node F
I's input lo‘i&pat{dnﬁgh Tolt rvmu'egt eé)fv?ﬂllﬂi% JrOSeIniSV Jré's:bgctls%ﬂﬁjlthtﬂﬁlll% ol Iﬁ:lrlﬂg val ue at

node Gis input'to t of the Trécerver ‘exanpl e,
t he 20valvten '(he egternal 26 1106pinsindts b ihégh' vdltapevatuaghe emfteﬂnhbdervmeeli 1961s 1110 is

greater th e val ue (e. q,, jnput to the "+" term nal of e receiver
7170, * Badidtgh %l%ﬁﬁaar\ﬁg%f@%h%ﬁ%%@ i S Op grapity ki Halfage vilye, ecer ver
1110 det glipfhBeRevite! 1996 [O”iaQowt1agie safe. tft'sepr‘éb%ﬁélﬁz dedcribbe oaeeh gl (1110. The
receiver 1110 outputs at node B a value of OV, indicative of the |ow logic

stat e of inchide thet mltagofalutreransmetoddry the extermabdeviembdidhand exadrpicedeviede A has

a value ﬂ%‘%%ﬂ&lveyf a high logic state and node C
20 The inputs to the receiver 1110 are at least partly based on the voltage values at

nodes A and C, as described above. The below Table 1 provides an illustrative example

of how the input at node A corresponds to the output at node B.

Input Output
A C B
0 0 0
1 0 1
0 1 0
1 1 1
Table 1

The calculation in the above Table 1 assumes that both the external device 1106
25 and the driver device 1112 have high voltage values of 5V and low voltage values of 0V
and that the reference voltage value is 2.5V. In this example, the output impedance (e.g.,
resistance) of the external device 1106 is decreased relative to the output impedance

generated at least in part by resistors 1114, 1116. In this example, the ratio of the value

10



has a value indicative of a lowlogic state. In this exanple, the voltage
val ue at node G has a value 2.5V, and the voltage value a node F has a
val ue of WO02BM/6l6a4t hi s exanpl e, the value (e.g., 1.25Vpcatustéa/o59221
termnal of the receiver 1110 is less than the value (e.g., 2.5V) at the
"+" termnal of the receiver 1110, and the receiver 1110 determ nes a high
30l ogic state (e.g., a logic state with a value of one) for the external
devi ce 1106,. e. based on fhe si on the. c nication |i 1108. As
or vi ousPyreHigeE ] i th g ftealaf@rggf{@d&%wm@ ISR EHEOESRHAA cat i on
l'ine 1108cRaNcRe ralit&aied aRysudtaRifiRUhe fmd he external device 1106 and/or
et ;

of the driver device 1112. The receiver 1110 outputs at node B a val ue of
5V, whi ch corhebpondspteothehatiit ghthk egieenad daviec bf0tthay bx trstbial whtavi ce 1106

35(e.g.,, based. on the. signa n th ication line.1108). .V

2015 D5 B Peeo 1 TegL8B heaRyo T1 PO TRt Shshsf e Mol A EE a vl ue
i ndi cat i #8mQhe deieM 10agi As ?ieazicﬁlsmsm&a, fhe haidumaloltged sfiheat i ve of a high
|l ogic state. In this exanple, the voltage value at node G has a val ue of
2.18V, anePrampniggiandée MAB meaysdic N\bded the maiginung ypliegesn tBe peymupigatio s

exanpl e, ;. 70 3. 7 at, 1 Y- rotermgina iver 1110
is great léllrlyﬁho\aé%{l%ﬁ%e( @& lljliethisee.xgl?{?plez&%e\;)egzsattorst ]hlelﬁ" iﬁ'l%t (halr fngl( raftzli ?%jf'oe@%g\ér ecei ver
1110, anghnidwliecei ver 1110 10determ nes a |l ow |l ogic state. The receiver
1110 outputs at node B a value of OV, which corresponds to the | ow | ogic of
the signal onAfREVidssertherd ohhighyeltageoelue of 5V corFespidsdp a iy logicanpl e,

node A NasedyiHed il BELRAIA 1R, 01 RhAR o BY1cErslAhe, AnddoeiCuhas 2 val ue

i ndi cative of gic state. “In this exanp vol t dge val ue at
node G hag#ha wihicwd z&d, Iards tlwnplalwlageoded AeChanodduds ihdisatavewdllone of 3. 75V.
In this 15exanple, the value (e.q., 3.75V). . at the "-" termnal of the
recei ver OREIRITY et H%Spvﬁg‘ Yﬂgwﬁ(zar.oe;.t?é Qfeesrainal nadd ¢ B alpe of the
recei ver o 14, thaDslidolR & alRGEhYRIF RdlDvARL &F MNES AL aLvidRE &xtidalhedevi ce
1106 is in a high logic state. The receiver 1110 outputs at node B a val ue

of 5V, whiltsige ivelui ptiasizth ienpit ta the “Hi ghminebeicthetectiver bl lgnand br vohiege

communi catiion |line, 1108. 20As. previ.ous descri . receiver 1110 can
det r mi nep fegE R denty B hETRURIRR IR SN 1T biBe S5Reknaring Che
vabt age vahde.of 1.24e) apinhear k@mitdl 0ethkbk0&it@ 11 heisvetdtadtad @kearBCe val ue
of the reference device 1122. Because the communication |line 1108 is being

€6 9

used f or (.- @Y rigpetite ke “copmingledthoisceeddA. Baecdeon 2eatanarigey pE@c1106 and
he dri ' . it od. b .
the dri Vﬁgg% 'th%q?%ﬂlﬂrﬁ% t@gfetc&%} O daliighd ralgié;\%g%él% E@tﬁ‘«-t’)ﬁ Iﬁ{@tﬁlﬁdorflﬂyeer

device 1 i pac age value recelv nal of the
recei verretdit6r. 1 [MoatThe seceiviee 1 VI drapes wahode B £eduy 6fl0 4} intieetivetdf thetow nal  of
the recejver is based on the voltage value transmtted by the external
devi ce 108k skHe of ths oytut ahbeveactisr { bhsnitted by the driver 1112, As

oyt ousy SRR RICIEREIV AR A ST SR R SR il
ext er nal haewvabee ihd@6tive of a low logic state. In this example, the voltage value at node G
has a value 2.5V, and the voltage value a node F has a value of 1.25V. In this example,
the value (e.g., 1.25V) at the “-” terminal of the receiver 1110 is less than the value (e.g.,
2.5V) at the “+” terminal of the receiver 1110, and the receiver 1110 determines a high
30 logic state (e.g., a logic state with a value of one) for the external device 1106, e.g., based
on the signal on the communication line 1108. As previously described, the voltage
value of the signal on the communication line 1108 may be affected by an output of the
external device 1106 and/or of the driver device 1112. The receiver 1110 outputs at node
B a value of 5V, which corresponds to the high logic state of the external device 1106

35 (c.g., based on the signal on the communication line 1108).
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and/or affected by the external device 1106) to the reference voltage
value. In this exanple, when the voltage value transmtted by the external
devi ce 11W6 2r/mdj4ast ed based on the voltage val ue tranggirtused 1oyo2ehe
driver device 1112, the voltage reference value is al so adjusted based on
the voltage value transmtted by the driver device 1112. WO

2012/ 061644PCT/ US2011/ 059221 5By adjusting the voltage value transmtted by
the external device 1106 and the reference voltage val ue hy appraopriate
andunt s _det er i WEABHR EERRIC-G10GR & higa e igghic RGRE X 9gl?§ta§-‘taqdeast
partial | yoRases LRIbdmdkalit @G Nigh Uil SRRSTh M@&a%ééﬁﬁe Witageradieyi ce

1112), the inpact of the voltage value transmtted by the driver device
1112 i s dekr@asedyalas gf 7.5Vehmt thy eoltagenatucadpodt F hes ¢ hWduwof 3.25¢€. efhey ence

| t, that j I t. ti.ally.b d [t I
vaLe o ST DAl 5.2 330] G380 226 B3RS 21,5 hghiag v v

t echni qu@g vaRiesé.gnalswyaaiiemt tt@ehihdl @MHe8cdiVdrven 0 dauiteereddite @dpust s the
vol tage val ue on the conmuni cation line 1108 in accordance with a first

r dPat i ondHeipksadesnogisstae| Thegecdatruld 1B putnhes & oaduBiacatucor OM, mdidn 08 and
the volt %ﬁ'?esg&ldﬁ?o Bca0% Thdit %Fth%%%%ﬁﬁoﬂh'g"cgéﬁm@‘éd&%gn ﬁ%&%}og@“er ally, a

rel ation pincludes a cor respondenc wo val ués. For exanple, a

rel ati onshi p BpegtbhhdtRs dxbipleafoddA haas ealus imictivabighipAUusEs sare dndcr ease in
anot her value., In another .exanple, another relationship specifies that a
decr easen?ds Ghes ¥ wlveindiratuzols beh legs saien I it memplathieyoliage ¥alup pt anot her

exanpl &, o 4as HELa LAhA5ONRMKE vIRRE! LIRS, dUT P dRGIEATS sV aRanyal ue causes

an increase in another value signal transmtte romthe driver device
1132 al sexaadhlashevalidt ez, y 275V eatdlee Oltdragen] wltheecdaivead ¢ 00 ddesehan thh a second

rel ati onshi p, between the reference vol tage val ue and a. vo ge val ue

ol at ed THUSHF out B 81 TSRS Ghe e g Prid BEREReTIDe. FI G 4 is a
f1 owchar fer@miads BXANPLAREOESSE 11900 ol higetRidit nIhardemke1 Bigat e of the
external device 1106 based on the signal on the comrunication [ine 1108. In

250per at Pwnyts eheodddy i velug 004V uwbish (1mdptivhef the highdegiv af the signahemihet ed by
the driver devi%e 112];,1 previ ously descri bed, the voltage val ue
transnitggﬁﬂBVC?H@’HFi “device 1112 may include a | ow vol tage val ue

and/ or a hi ghAy gldvagelyvddbketebed, the recehe 1 HRVE@RIclckRdhe tBE Rigvesate b2EE) a
vol tage val ue on the comunication |line 1108. As greV|ousJy,descr|bed, t he

vol t age YRMmBNIGRAGIIMNC @by semprries thalvoliesd weuclafbe epmmpaicagubiRAINI cat i on
| ne 110?10%‘3% tﬁerk%ltéggre?iljfgégé)%?‘}.]é &9f fe%rgﬁce @{c%rllﬁz.hhﬁ%éﬁ,‘?lh%age val ue. The

device 1 al so us e voltage reference va ransmtted from
t he ref eca@mmenicatigolivenit] 08 1LBeing used foi bi-diketiexa opmenuaicalibibetdicen the devi ce
1104 applies (1208) a first(gain to the voltage val ue received fromthe

comuni c&tFeal dovirs 1190 and thy drivesdexiesnidilé; the yaltggergfucdsnsmitied by the

25 driver device 1112 impacts the voltage value received at the “+” terminal of the receiver
1110. That is, the voltage value received at the “+” terminal of the receiver is based on
the voltage value transmitted by the external device 1106 and the voltage value
transmitted by the driver 1112.

As previously described, the receiver 1110 is configured to compare the voltage

30 value on the communication line 1108 (e.g., transmitted by the external device 1106
and/or affected by the external device 1106) to the reference voltage value. In this
example, when the voltage value transmitted by the external device 1106 is adjusted
based on the voltage value transmitted by the driver device 1112, the voltage reference

value is also adjusted based on the voltage value transmitted by the driver device 1112.
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35applied to the voltage val ue received fromthe comunication |ine 1108

t hrough various WD 2012/ 061644PCT/ US2011/ 059221 5circuitry included in the
devi ce 11W0.20ie1d44r st gain may be applied to the volt ageTumsbua/oseeei ved
fromthe communi cation Iine 1108 by generating a first product of the

vol tage val ue received fromthe conmunication [ine 1108 and the first gain
(e.g., product 1= (voltage value received fromthe comrunication |ine)

times (gainl)). The.deyice 1104 al so appl,i.es, (1210) seco into the
VPt age val ubby S0 HERPLEE YR TESEROLS b oreaeadas TR0l Soesanpl o
the secong@ficN oo @Pithd BafRopdlfe ¥RbERY8.RhiHE] by 20SH LibrA (9%. bhe driver
device 1112 throug% various circuitry included in the device 1104. The

second ganountdlyat ixeatdgast partaliyobaske on dictvadfege vdluetransamised byt thd doyet he dri ver

devi 1112 b ' d f th . . . ' d
S e A S e e S T

vol t age y&kdiBed, canSblativ €t o ANjubiie; e hyRigedefet@Re ¥41he hn bindBs thaal 2) ) . The
device 1104 generates (1216) a first sunmati on val ue based on the first

priéduct lead rerielly desdnghoteltige vebdraasmijtcd pyshmdrivar davieal LE-i ncl udes a
val ue indi cat Ugﬁ%%e %r%%b%&qg%}l%%u%%pa\&qg&?%r‘angnﬁ%tyl] ?roggt?enmigeroc{evﬁle G114, the

device 1104 may Be con a negatrve ue 10 the second
product , adugs theaslthgevatad @dthbyotnhtinicatio? 08¢ YO8 in abevtdddtGvittBy figppl yi ng a
negative value to the second praoduct, the device 1104 specjfies that the
second predHieaship Setieer fhectokiges yalns omtheropapuniadign dipe 1|191§3 pnkthexalidgce of FIG

. the T SRRl HEfsmiddPoy BEAESIAARN 1IROUNhIE o elBbnsHilTRIdRN, val ue at the

"+" term na e receiver 1110. Bas he toregol ng actions, the
desi ce ldditespaljdgstsbdtivecnvioloadesy Ebuexaniplt, hacldbomspuspiecidiics dnat hin ne 1108 by

an amount derived fromthe voltage value of the driver device 1112. In this
exanpl e, NEFEsF Qe V%@ﬁﬁﬁ‘f%e%ﬁn VRS }Wﬁ%galpﬁelw qrother GxpmplgAnoilicy

adj ust edrdpioastip 55dciRTBA b deWicht hibge Lhlus taRBPYtcrBAS edaihdrRaIeOl age
val ue of the driver device 1112. The device 1106 al so generates a second

summat i ostillaother ewaraplpuaiothicheclatemehipnperciied thaigedogrdaseinyneaabigsemds anount

(e.g., an amount derived from.the volt. 30val yue of . the iver device
153557 TheRireRaptfipt W5 LRTipuF wifbfeT spRuds 05y facif 112 KRB aflets
Geper al | the réfrcaté s6ltage REhM AR Bcdrdbabeifith RakcsAUBlasRbiShanedh@e val ue. In
generation the second summati on val ue, the device 1104 performnms the

fol | owi nepfeiendesiedtage value andp wptagavilon relethé tajeyowputof Al pnef the cxtempb)  a
third gajn.to ke voltage value of the driver device 1112. The third gain
may be applled'tb the vol tage val ue of the driver 35device 1112 by
generating a FItG. dds pflodigbirt of ari drampdd pragss 1adldratteihmigl 4 ogic dayio€e 1112
WO 2012/ 061644PCT/ US2011/ 059221 , L
the external device 1106 based on the signal on the communication line 1108. In
25 operation, the device 1104 uses (1202) the voltage value transmitted by the driver device
1112.As previously described, the voltage value transmitted by the driver device 1112
may include a low voltage value and/or a high voltage value.
The device 1104 receives (1204) a voltage value on the communication line 1108.
As previously described, the voltage value output from the external device 1106 on the
30 communication line 1108 may include a low voltage value and/or a high voltage value.
The device 1104 also uses (1206) the voltage reference value transmitted from the
reference component 1122.
In the example of FIG. 4, the device 1104 applies (1208) a first gain to the voltage

value received from the communication line 1108. In this example, the first gain is

35 applied to the voltage value received from the communication line 1108 through various

13



5and the third gain (e.g., product 3= (voltage value of the driver device
1112) times (gain3)). The device 1104 al so applies (1214) a fourth
gain to twewefwi@ace voltage value. In this exanple, tkreTfuseotiosgain is
applied to the reference voltage value by generating a fourth product of
the reference voltage value and the fourth gain (e.g., product 4 = (the
10ref erence vol t age value) tinmes (gain4)). The device 1104 generates (1218)

a second sunnatl e base third pr duct t he fourth product.
3t he. et R i 0 8 re ) MBI\ B oY G SEoHel G o R APy

negat i Vere%éi%@fr&ﬁ’l thE Borhiuh afdsPEMCT I,OSeongenel%ﬁn% R RS PYr thEGoltage Sign in
box 1218. By applying a negative value'to the third product, the deV|ce

1104 spe@ﬂﬁ@esmVQSﬁDhaheCMBmmhwwunphmﬁUHBem@thuﬁmtguné@gtpmhuuwe=fourth

duct th f th 10 i t sh
Do ves oftittat SRRV Bam b primubil SRR e Julr o5 4o0 00 e o

summ ng boxeSTﬂ@é&lwﬂol%ls% aﬁyguesb(qu(b)ame&ubymmvahego&&g% wal@ns back to the
gai n stages ( é% gai nl, gain2, gain3, and gain4). The receiver 1110
h

cdfpar esiremapgd bhdcidriver doyigentdt 2 ofn this eremple, ffh?eseg@tﬁ(ﬂ@élﬂ powoheatoither val ue.
Based °”X§1[el§ngﬁ’l”g%fahﬁﬁ’fhﬂg%%brcﬁ% ' }{&1%#1]1% tﬂl%ﬂl (?uhs cﬁr]c ir%rﬁumauh op,c state

of the e evi ce ase e Si nication |ine

1108. the defise PI @i Diusdeyorttegdin hfagde appléedrte (Il(i:H w&fag& 1dlQe tﬁnmttécﬂ tueed to
out put a hlgh |l ogic state when the first supmation val ue ., the val ue
of the i HpYAT dgyice Mel 2ty gqnsrating g seeandimedyct ebihg éfpltagfm}uq tgan@m&éadé?ry fan the

second Smﬁbﬁge Yt %’&d(tﬁe Second ?Qin\(@%j_?rdﬁfuctt he ffh@ Riftadtl vatnd hsmittedt €F M nal

of the recelver 1110 e receflver I's configured to output a | ow

| ogi ¢ sty thewhsnar ddvécef i 1 8} timaspain2pn val ue i s Iess t han t he second
sunmmat i on val Referr| o FIG a co I n line 1406
s ieed Tor bl Besise OAZEBIER OhE PN WO R g 5%3%? 9402, In the
exanpl e ﬁrfodlfét‘énd%e &B&&ﬁﬂ&%@' G%ﬁér@ﬂ‘y lal ﬁﬁnﬁaﬂ{%ﬁ vallel il §esa adld - dupl ex

communi cation line. The device 1400 “'30 includes a driver device 1408 and a
recei ver 1nﬂrlsmve qﬁraemmreof etherlvih@s a lls theienamplded Hles4.shodevideqi®4 maydles 1422,

1424 d 1426, The, d | | dr,
Sect canoopie S BRI A BN B i 0T Cw0 0G0 Bt TR S5 etor s

1428, 14§%ﬁ(1)1nll§c3(2121154 PPineh aELNCE vaay ke bdahd é)chﬁct %hd dwshidedassnodes W

XY, Z de Wincludes a voltage value that is i ndi cative of the out put
of the dinegidies gy thescaqdgrodysd s sxbtr@ré%ﬁ@@ the {iest pepgacty dn the exaaplond

oL ol LR N2 3y ST RP R o e e
out put ofermimakoiée rebdiber 1 Node Z includes a voltage value that is indicative
of the output ngedro%qcﬁel %/o?ergo}rfgla?ctlons the device 1104 adjusts the voltage value of the
25 communication line 1108 by an amount derived from the voltage value of the driver
device 1112. In this example, the first summation value includes the first voltage value
adjusted by a first amount, with the first amount based on the voltage value of the driver
device 1112. The device 1106 also generates a second summation value to adjust the
reference voltage value by a second amount (e.g., an amount derived from the voltage
30 value of the driver device 1112). In this example, the first amount offsets the second
amount. Generally, an offset includes a value that counteracts another value. In
generation the second summation value, the device 1104 performs the following actions.
In operation, the device 1104 applies (1212) a third gain to the voltage value of
the driver device 1112. The third gain may be applied to the voltage value of the driver
35 device 1112 by generating a third product of the voltage value of the driver device 1112
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In the exanple of FIG 5, driver devices 1408, 1412 are intermttently
(e.g., periodically or continuously) transmtting signals. |In another

exanpl e, wWoi2oevoetavi ces 101408, 1412 al so may si nmul t ane®@dsius2ainaseni t
signals. In an exanple, the driver device 1408 is coupled to the receiver
1410. Through the connection, the driver device 1408 transmts signals to
the receiver 1410. The driver device 1408 is also coupled to the receiver
1416 through the, conmruni cation |ine 1406. rough the c ni cation |ine
1486, th@ F%Ied%féwc%,araé%ctgféﬁ@mgﬁga&eﬁgres& 57 EfcT L) YBKS 1416, 151 n
an exanpl{gin3yyle driver device 1412 is coupled to the receiver 1416. Through

the connection, the driver device 1412 transnits signals to the receiver
1416. The dri Vee ddesd 4 blsd2pphesd|l 8 b4)aoiopite daindo theacfeegwi veltageahucet hr ough

the co nication |jne 1406.. Thro t he communi cation |ine 1406, the

ar ver | qEUREe 4D RIREAT Bun 1 AL 4 S BT Dt s 87 SRS { e
recei ver folfthQroducEOURE edelefed Vitads k¥I8E aflee Fourlif@in (4. BeploaG&iqve(thd 410 is
al so configured to listen for signals sent fromthe diver device 1412 over

t H8 conmighireracivetags yrduel4oss (FHeTWecei ver 1410 receives as input at the "-"
t i nal . t i | t | |
corminel 2 vob ool e gkl L Ao aghL RSO, oy e vl ue

recei ver prbdilé ané el foesh podubpuh tied extahpI 28 HG. Yethideake alaohbpapge val ue t hat
is at least partly based on the voltage value transmtted by the driver
devi ce 19PIPigHFd to RBPI RingaRtivgeip ucdo 0Bird pEodyet erg e dndispted b ter - deemi |

bel ow. By, eQnpagi g ggpgi&gg?éegaggé ?ﬁ%@@%é‘ﬂﬂmﬁ&o&&% th@%@i&iai 04 srpgﬁﬁésefei ver

1410 determ nes a river device 14 n an exanpl e,
vakbues fthnat thheéhirdmioduanssub4d&ed bA0the TR th prddit. dntheferampleef F&G ef, ainc e

vol tage val.ue of the.reference device 1426 are sel ected, 30to prommte a
| ogi ¢ st BCeVHutigdreesives N%OtrSE%‘@P F SICR10 SHRMEHP R PHEL o g ée”snﬂlgﬁle t he

driver dewvig@ 14déns on summinkBods E48HRE €214 KEy bEShsell By Mbldhe hédQngenerate
a voltage divide between the voltage transn1t¥ed by the  driver device 1408

and t he baslntoticozin gagdsi(ae., $4i06, galihk geoBt angezai)ue on t he communi cati on

line 1406 is term ne y a vol i vi der 35bet ween .t he out put of the
it fver devi cel B ia HisoBmBut LoD Hedn§umpRhyaEs & e e
2042/ 06 1aadiREHdnUIRRRL B89 87 theicbifpaviddn) ehedbcdih@ INe6idsteahined d202) d bRk 1418,

1430 contribute to the anpunt of division. The receiver 1410 receives as

i nput at stetgef theexgespatidgsice 4194 basad on Mgl égnal 9@ thefcopppunjedtiga lae 1908t age

di vi de bet wee - atr i ' ' - 1408. and t he
driver transn$§¥%§1%gbﬁﬁgﬁg%ﬁsggg%%&%gép%h%gsn 1g¥§ﬁﬁggﬁ%%§5él§%52 generate
a vol t agsatdivtictlehdftsnasnmitien wohd @ge, theivalat of the idfidai ther+texindel 3408 and

vol tage out, of the reference device 1426. The receiver 1410 receives as

i nput at recpizer L0y isgnpaten thap e geeandispamaion yalug{e & thsvalieor theiarytiaitt age

digi de bglweep hie) ¥qht f&t&ﬁz@% 111105 PHL F&!E'v@{llﬁ*@%s g%ﬂﬁ@_?hedjtﬁ\éiu‘gﬁt +4R¢ and

voltage at the output o e reference device 14 e recelver 1410
conpar esloghestata plits thedosi sueth@tontvatuctie tass thah she Basebsuomatha vabrepar i son, the
receiver 1410R(ejfeé\}‘r?1{gq0r\])§’[so I§Id %,gall 80r131}n%}1lecat(1)gn ltn?eel406 is used for bi-directional
communication between devices 1400, 1402. In the example of FIG. 5, the
communication line 1406 includes a half-duplex communication line. The device 1400
30 includes a driver device 1408 and a receiver 1410. The device 1400 also includes
resistors 1418, 1420, 1422, 1424 and reference device 1426. The device 1402 also
includes a driver device 1412 and a receiver 1416. The device 1402 also includes
resistors 1428, 1430, 1432, 1434 and reference device 1436.
FIG. 5 includes nodes W, X, Y, Z. Node W includes a voltage value that is

35 indicative of the output of the driver device 1408. Node X includes a voltage value that
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15driver device 1412. At node Y, the receiver 1410 outputs a val ue

I ndicative of the |logic state of the driver device 1412. In an
exanpl e, wbeowaleuag of resistors 1418, 1420, 1422, 1424pCTARS)11H34R01 1432,
1434 and the value of reference voltage at references devices 1426, 1436
are selected in accordance with the bel ow val ues at nodes WZ as indicated
in Table 2. Input Qutput WXYZ00000110100

5 is indicative of the output of the driver device 1412. Node Y includes a voltage value
that is indicative of the output of receiver 1410. Node Z includes a voltage value that is
indicative of the output of receiver 1416.

In the example of FIG. 5, driver devices 1408, 1412 are intermittently (e.g.,

periodically or continuously) transmitting signals. In another example, driver devices

10 1408, 1412 also may simultancously transmit signals. In an example, the driver device
1408 is coupled to the receiver 1410. Through the connection, the driver device 1408
transmits signals to the receiver 1410. The driver device 1408 is also coupled to the
receiver 1416 through the communication line 1406. Through the communication line
1406, the driver device 1408 transmits signals to the receiver 1416.

15 In an example, the driver device 1412 is coupled to the receiver 1416. Through
the connection, the driver device 1412 transmits signals to the receiver 1416. The driver
device 1412 is also coupled to the receiver 1410 through the communication line 1406.
Through the communication line 1406, the driver device 1412 transmits signals to the
receiver 1410.

20 While the receiver 1410 is coupled to the driver device 1408, the receiver 1410 is
also configured to listen for signals sent from the diver device 1412 over the

[

communication line 1406. The receiver 1410 receives as input at the “-” terminal a
voltage value that is at least partly based on the voltage value transmitted by the driver
device 1408 and the reference device 1426. The receiver 1410 receives as input at the

25 “+” terminal a voltage value that is at least partly based on the voltage value transmitted
by the driver device 1412 and the driver device 1408, as described in further detail below.
By comparing the two inputs received at the terminals, the receiver 1410 determines a
logic state of the driver device 1412. In an example, values for the resistors 1418, 1420,
1422, 1424 and for the reference voltage value of the reference device 1426 are selected

30 to promote a logic state output of the receiver 1410 matching the logic state of the driver
device 1412.

In an example, the resistors 1418, 1420 generate a voltage divide between the
voltage transmitted by the driver device 1408 and the communication line 1406. The
voltage value on the communication line 1406 is determined by a voltage divider

35 between the output of the driver device 1408 and the output of the driver device 1412.
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11111 20Table 2 In one exanple, resistors 1418, 1420, 1428, and
1430 have val ues of 1000 ohns. Resistors 1422 and 1432 have val ues of 500
ohnms. Reswetorseiciz4 and 1434 have val ues of 1500 ohns. pCrhmseonasaes nay be
used in generating the input and output logic states in accordance with the
above Table 2. Additionally, in this exanple, the driver devices 251408,
1412 are configured to transmt |ow voltage val ues of OV and hi gh voltage
val ues o The referen s of. each of reference.devices
1456, 1956 itee o o 19 S f o8 ¥ A R oRE QBRI PEISSiqhe val ues

at nodesTV re&eidée] 498 cdes AP R atltBe t-PeichRERI ¥ GhRal didibatividt @ne \;Qﬂ% oral ues at
nodes Y, Z are indicative of outputs of the receivers 1410,

respect i vatage diwds Rowe¢robe @MW}‘&DS@G&M@B@Q grivG Asvige 40l tﬂne descrr i bed,
t he rece ver &4 hf nf&%ﬁ o listen for signals transmtted fron1the
driver d ‘ibﬁ e driger 181'so receiving signal's fromthe driver

g sig

device 1412. Res@&@tllagz ma@@h@ateta%ltég@@ﬂvid%rbeﬂﬁejeﬁ th&valapt bgtsfaBe to |isten
for signals on the communi cation |ine 1406 that are affected by the driver

de¥i ce 1408r dpyice h#QS andavabtage oytiad thealcfpsencefdeyiss il 426 Ehegogyerlfdd, 1432 and
1434 ar ere%glv Ce}s 1gp1¥}%]t )&{%r“k” J[e?m?hgif:Q JgHﬂ Mlgﬁw\’e\ﬂfﬁé’agﬁ éﬁhﬁ %ﬁjallﬁgl’gh 418, the

ref erence vo al ue of er en eV|ce | ow

vol t age ldéibvﬁﬁﬁth@fvoﬂﬁge\/a&ﬁhdiﬁltpﬁ%fﬂﬂe%&er 4406 1408pmdvoltegd di@hdl@itplﬁgff val ue
transmtted by the driver device 1408 overriding. the voltage val ue
transni tthéaefssﬁn%éwd@q 1A20. ddgireesiven 410 %@aeSdhe e ré%‘fngaaﬁ%au on, the

recel ver otk Bieant SUEHph AR Lechch 191 F4SLA EOPRER Bl bl NPULS 1O

its termnals that nat e 15[ ogic state eVi cé 1408,
15 driver device 1412. Atnode Y, the receiver 1410 outputs a value 1nd10at1ve of the logic

state of the driver device 1412.
In an example, the values of resistors 1418, 1420, 1422, 1424, 1428, 1430, 1432,
1434 and the value of reference voltage at references devices 1426, 1436 are selected in

accordance with the below values at nodes W-Z as indicated in Table 2.

Input Output

W X Y y/

0 0 0 0

0 1 1 0

1 0 0 1

1 1 1 1
20 Table 2

In one example, resistors 1418, 1420, 1428, and 1430 have values of 1000 ohms.
Resistors 1422 and 1432 have values of 500 ohms. Resistors 1424 and 1434 have values
of 1500 ohms. Other values may be used in generating the input and output logic states
in accordance with the above Table 2. Additionally, in this example, the driver devices

25 1408, 1412 are configured to transmit low voltage values of 0V and high voltage values

of 5V. The reference voltage values of each of reference devices 1426, 1436 are 2.5V.

As illustrated in the above Table 2, the values at nodes W, X are used as inputs to
the receivers 1410, 1416. The values at nodes Y, Z are indicative of outputs of the

receivers 1410, 1416, respectively.
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In an exanple, the driver devices 1408, 1412 receive a high and a low |l ogic
state. Wien the driver devices 1408, 1412 are in a high logic state, the
driver dewpeer/b4Q8, 1412 drive and receive a high | ogi ecstist@1/o8fen t he
driver devices 1408, 1412 are in a low logic state, the driver devices
1408, 1412 drive and receive a low logic state. 20l n this exanple, when the
driver device 1408 is in a high logic state, the receiver 1416 al so out puts

a high logic state. | n ex | e, ther y be a delay throu t he

coﬁnunicationXFPﬁﬁ“&ﬁgﬁﬁ?gﬁﬁﬁﬁgﬁﬁ§€8@6ﬁfggﬁéﬁﬁgﬁnﬁ “ﬂﬁémggﬁﬁﬁﬁgéation line
1406) befraianitterbRaRl ¥i8¥er 4évie CAGH) g98sS Wil a%o%%é‘éi%g%fg%ls@rdn?me'&&!eﬁ state
to a high logic state. Wien the driver device 1408 s 1n a low logic state,

t he receisese 1426 lmhsvhoexpnpk, thelrewivend# 6 Bronhgwed Balsseh ton sighals on

Govi co. Thogom B RPD OB Lt RMbRT IRty AR Gl BV S T

i1 T ustr ageehpld threal @R eesIadiks @428, 1430, 1433ialH 11384 ¥re stiBetel @CRbIEIH 1410 s
configured to listen for signals transmtted from (and/ or affected by)the

dridver desniwstion wath resigfors i k18| e refevcars voltpgs ivalva o rafergnsa draicgodr i ver
device 1 o i I h | f, r.esistgr 1422 and
1424 ar o 50 wetag el Rl Gragh ARNEEH BRFlapERLENE, Bk ooty T

r ef er enceolwgt tvalge tniadruigted by tredrivet devdac e1(daicatlidd e, voitngk Wilgh and | ow

vol tage val ues of the driver devices 1408, 1412 to pronote the voltage

val ue t rrsmitiedly Wy driNer dpvicgeld | deBrisd onghis copligpom gha ecives agés val ue
transmt t I : i I i thon, the
35recei v&ecﬁl%fﬁ%{eg tpgu %?FJ&‘?%%&? gsegﬂ‘%gﬁﬂ? ﬁgﬁﬁga?ﬂgt%?%%é&@gi%gwé% t’%l ﬁe i nputs
tasits tlepmstat sf thealriveMvAR1120861644PCT/ US2011/ 059221 5matches the | ogic

state of the driver device 1412. In this anple, when the driver device
141271 e in'a REREER: et G dlt: VE o gttt But be TeEn | ogi c
state. WagRn tledrilck YeFicdleMing €1 414 bde inSa hibh BodiOWal 0@k GristddSicet Ngod, ecei ver
1410 also outputs a low |logic state. As previ ously described, thére may be

a del ay thli2olrgie andecasorerainpl lgiostatei Néhen4bgdivedr giceicesh b 08e €idase im# 10

h i c. states. ,Based . bet  t he 10l ogi
ctat os o oAl o Fov ! DR P GER B SREE 2 80P s at node
Xgatch the vpl tﬁﬁ%xalhgr@g%emhemvie} Hdisdd 08 ds in KibE lcHaOMete TdB k& cRrer

The techni ques described in the above- passa%es are not limted to a disk
drive teHh%r@S%W@wmthO@m@t@rlm\ﬂ@§xamﬁlet Ste ahebe ¢ delpy rrowdther | t he

foregoin nj rall rtai j.hat.i

conmni e SR IRCRRRGRS: SaREohE yk? of B SRR Rl 00y bctore oo
t hat shathe recedicaglt B clanpeclbgientasframbdat laric bthieao alhighalogexang! Wheany
board, device, and/or circuit may be used fqor the external device 1106
and/ or t te diiyek deviGecliod iy B lowgogigptats, His reaciygyd 446 aksg puipkiialiow, logise

abgve- de [ { [ [ ' ' I X seri al
c%g nmuni c%fgti%b%ggﬁdi ﬁ{é@@ Sﬁ#gsig‘qﬁégl t%?“é%%e[gi I0(%(2,9. gm gﬁégggécf I)eﬂlte % 3%156&%%51&?.

Addi t i ondiivey deviae il 40f5 tleovdbuas at nodesWahatcke giestabires at md204 a5 ilbssatad imthgenent s
may be ugbeoq]etI%b%(‘zhi eve the results of FIGS. 3 and 5. In an

Similarly, the receiver 1410 is configured to listen for signals transmitted from
(and/or affected by)the driver device 1412, e.g., while also receiving signals from the
30 driver device 1410. In this example, the values of resistors 1418, 1420, 1422 and 1424
are selected to work in conjunction with resistors 1428, 1430, the reference voltage value
of the reference device 1426, and high and low voltage values of the driver devices 1408,
1412 to promote the voltage value transmitted by the driver device 1412 overriding the
voltage value transmitted by the driver device 1408. Based on this configuration, the

35 receiver 1410 is configured to output a logic state based on the inputs to its terminals that
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exanple, an AC coupling could be used rather than a resistor. The

t echni ques descri bed herein may be perforned by a conputer (not shown),
e.g., by wendimgieignal s to and froma contact pad on t reTfuseomosonl

el ectronics board in the contact assenbly. The techni ques described herein
may be perforned using hardware 25or a conbi nati on of hardware and
software. In this regard, any of the techniques performed by the system

descrlbed h rein. can be | | errent ed, I ast in conput er
pr 8gr am PREAtLTC legigstater GBSt i it by Fw@pa} b B drte e
i nformat | pp gl 5 hgh loSik ¢t thcQB&I R 1096 8lsHBEHPLRE HiSRARR SatBBWiRn thOT

execution by, or to controfl the operation of, one Or nore data processing
appar at udrives dgvice &4 I3y iogn ahova bigec Saprtbe e@sorer 14l Ocadsmparttputs a o fogd efate.

i L1 on hBRP Rl BRarbEr Dotk Ro+ FRgURORN 1R co 0arAG donprd KRG, " 7°

i nt erprebﬁﬂre'tﬁ@ﬁsé@@@ﬁlﬂ@r&lahées c@t@te@eBh@YiQﬁll th& cadspbficite bdtfkatlihey as a
st and- al one program or as a nodul e, conmponent, subroutine, or other unit

suPt abl elogsrstajeeof; the receiyam i irad sha/driverdeviee 182 hepialuss aprasigramatdin be
depl oyed, (.0 . MORA12U ANBIAFGTHUSRIALRO721 Sexecuted on one comput er
on rruht € conp Gt'efs at one eor di’st7i buted across multiple sites

and i nt er conn€kd edhquuea desdrived kn the above-pads@ies efeatmlllmltetih@atiekrmvaues
descri bed herein can be used in various types of transm ssion, medi umt hat

has ener Gytite wasrey it disk dgive o tﬁﬁ.@#ﬁct%wé n%%‘ﬁ@lis thﬁcfpr?eomgdrch@s@&ﬁbr e, the
techni qugs, energy on a
oeomunf s Heltafido A Ebofi b or RElGydoh S IR L bhitr bl a

t riansm t inéasmmndn drormemeltipdr sooncel dtalh skemel s smflet doens@me/copﬁnm@aﬁbn ans rrIns si on

pat h. i ons. as iated with inplenmenti of

functi on%n?:’%fﬁl © aPEP P%rﬁ 145y A QUi r%@&g%%eb?’gerﬁ olrlbgexecutr ng
one or MY LorGRERLL &éctﬂfnﬁgr@ﬁ@of PIAERfRHM. tHY kHARE! BB Sb&fe- de@@r‘l&@l i bration
process. Al or part of the functions 15can be inplenented as, speci al

pur pose fcolyiiquasimayuba wspd fer. rgultlpbnmEFf@bcd@plee Iseigd cogumanmpeatibes lgmsonmar ay)

Ui t abl chy GRTet PR o) ABRRE B BT By Pl Forhitiiks of RIS 81 ©
exanpl ervabﬁiubaﬁ@wntsaﬂﬁiyﬁep@&ti% aHIERARE rd¥LEd IFIGSCS 98d 5, Ik any one or

nor e processors of any kind of digital conputer. Cenerally, a processor
will receiapwle, 20 AGequnlisgicowd bamacdather thagmtasistend- onl y menory or a random

access. memor vyl bl RURGIERLAIOL.2LC BURULED LACINAR@ RIORGRER" O

executing I ns ruc S an ne or nory |1 Cce or 'storin
i nstructé@ndy aﬂdin@ilgnals to and from a contact pad on the formation electronics board n

the contact assembly. The techniques described herein may be performed using hardware
25 or a combination of hardware and software. In this regard, any of the techniques
performed by the system described herein can be implemented, at least in part, via a
computer program product, e.g., a computer program tangibly embodied in an
information carrier, such as one or more machine-readable media, for execution by, or to
control the operation of, one or more data processing apparatus, ¢.g., a programmable
30 processor, a computer, multiple computers, and/or programmable logic components.
A computer program can be written in any form of programming language,
including compiled or interpreted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, component, subroutine, or other unit

suitable for use in a computing environment. A computer program can be deployed to be
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Components of different enbodi nents described herein may be conbined to
form other enbodi nents not specifically set forth above. Conponents nay be
| eft out wO 20t6PE8t ruct ures descri bed herein w thout ascerzsedy/oadbecti ng
their operation. Furthernore, various separate conmponents may be conbi ned
into one or nore individual conponents to performthe functions described
herein. O her enbodi nents not specifically described herein are also within
the scope of the follow ng claing. 30 WD 2012/ 06164ﬁP%gq%2011/ 059221
SWPAT | SECWEf/RR oS computal €yl ARl OIRGS at one site op digfr} &P ce

confi gur gditife §ife@RRMdtcrBorfdeb &l b§adRBlorkhr ough a communi cation line to a
device that 'is external to the System wherein the communication line is

confi gured t oln(dn)exampd, the ts¢hgnales déscobred heaeibOey bt enedandatious typessofi t  si gnal s
to the system .and (.ii receive signals omthe device that.is.external to
e oo RSy e di i 8 e bR ST o Bo iRl SR Rbint vEF L & [he

systen  gahffl& e ehQyds Ges&idal hewechntR @%ﬁrtﬁrﬁf&ﬁﬁg?ﬁgft%ﬁ&@?%maue; and a

recei ver configured to: 15receive, through the conmunication line, a second
si'§nal afGrempeidatinn e (6t pusame opicah Fageyisyen paht with adsepgmitigr anda t he

vt A SRR DR RO AR b RIES £ o Tl Lo the, Syoren
line; 20a val peti@ssesicaitativith iiplkhenfing sit oispaginetl thé fimossistdageby the driver
performed by one or more programmable processors executing one or more computer
programs to perform the functions of the calibration process. All or part of the functions
15 can be implemented as, special purpose logic circuitry, e.g., an FPGA (field
programmable gate array) and/or an ASIC (application-specific integrated circuit).
Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
20 instructions and data from a read-only memory or a random access memory or both.
Components of a computer include a processor for executing instructions and one or
more memory devices for storing instructions and data.
Components of different embodiments described herein may be combined to form
other embodiments not specifically set forth above. Components may be left out of the
25 structures described herein without adversely affecting their operation. Furthermore,
various separate components may be combined into one or more individual components

to perform the functions described herein. Other embodiments not specifically described

herein are also within the scope of the following claims.

30
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device; and the reference value generated by the reference device. 2. The
systemof claiml1l, wherein the receiver is further configured to: 25receive
a val ue twetoiet@ni ved fromthe val ue associ ated with trhe/tsecions23i gnal on
t he conmuni cation Iine and the value associated with the first signal
transmtted by the driver device. 3. The systemof claim 2, wherein the

val ue received by the receiver 30conprises a first value, and wherein the
receiver_li rther configured to: receive a second value that is
dePi ved V¢éﬁ$ﬁﬁé9¥épﬂ£ﬁ%hg val ue and the val ue associated with the first
signal transmtted by associated with the driver device. 4. The system of
claim 3, wherein tReyscRlowdrising: f urther configured to: conpare the first

val ue to the second value 5. The system of claim4, wherein
det er mi nat i ona dlflVQrW@VICOQD@ﬁSIT@d © thased adirscognsathireegh pommenititiostlingal ue t o
t he secop %ysten1of claim1l, wherein the val ue

associatéﬁl%??ﬁﬁPﬁls%m%%%hméP%ﬁgf 6n the communication |ine conprises one

or nore of a whtledgBe ¥ahbRnRatién Gk sBAfiMAEAR (i) receive signals AbBert@en the val ue
associated with the first si%nal transmtted by the driver device

10cWnpr i Setenbid Grranping signals 1o glersagfemy adidl) seccy coignartor) Masvicsibat
wherein Lhe e f&e @gﬁgsetéf@gﬁg t&%?skﬁ{ S olhe é&éee{hﬁﬂﬁ%xééﬁl‘ég ﬁ)ethfsogp“ Ses Oge

or nore of are age value~or a re erence curren
The systemntont;, cl aim 1, wherein the comunication |line conprises a half-

15dupl ex comuni catiop |ine . The systen1of clajm 1, wherein the
devi ce t hat .%rﬁ‘é%@léqerffﬂthe&t)flﬂ%urga}gq ERCRG IS RO o or e of a di sk

drive, a menojy.drtv&nf@ird ol id state drive.

15 receive, through the communication line, a second signal affected by an
output from the device that is external to the system; and
determine a logic state of the device external to the system based on:

a value associated with the second signal on the communication

line;
20 a value associated with the first signal transmitted by the driver
device; and
the reference value generated by the reference device.
2. The system of claim 1, wherein the receiver is further configured to:
25 receive a value that is derived from the value associated with the second signal on

the communication line and the value associated with the first signal transmitted by the

driver device.

3. The system of claim 2, wherein the value received by the receiver
30 comprises a first value, and wherein the receiver is further configured to:
receive a second value that is derived from the reference value and the value

associated with the first signal transmitted by associated with the driver device.

4. The system of claim 3, wherein the receiver is further configured to:
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209. The systemof claim 1, wherein the logic state conprises one or nore of
a high logic state and a low |logic state. 10. The system of claim 3,
wher ei n avoaofaoesd44t i me: 25the first value is greater tiram/ush@issrzend
val ue; and at a second tine: the value of the driver device changes
relative to the value of the driver device at the first tine; and the first
val ue remai ns greater than the second value. 30 11. The system of claim 3,
wherein at a first tifme: he fjrst vdal Lfe is less than the second val ue;
and at a secoffinRanthe first valucto the sccond valye a1 ue of the driver device
changes relative to the value of the driver 5device at the first tinme; and
the first value remains |ess than the second val ue. 12. The system
of claim 3, wher eifh¢ fystnogli daist htvehaéindhermdemiierof thalogis stetetbesadadn t o t he
systemis based 0{3 tge sei:or%d val ue dan(fl the reference value. 10 13.
%e irst value to the second value.

The syst &M ET 8 va

5
6. The system of claim 1,
wherein the value associated with the second signal on the communication line
comprises one or more of a voltage value or a current value;
wherein the value associated with the first signal transmitted by the driver device
10 comprises one or more of a voltage value or a current value; and
wherein the reference value generated by the reference device comprises one or

more of a reference voltage value or a reference current value.

7. The system of claim 1, wherein the communication line comprises a half-
15 duplex communication line.
8. The system of claim 1, wherein the device that is external to the system

comprises one or more of a disk drive, a memory drive, or a solid state drive.

20 9. The system of claim 1, wherein the logic state comprises one or more of a

high logic state and a low logic state.

10.  The system of claim 3, wherein
at a first time:
25 the first value is greater than the second value; and
at a second time:
the value of the driver device changes relative to the value of the driver
device at the first time; and
the first value remains greater than the second value.
30
11. The system of claim 3, wherein
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wherein the first signal adjusts the first value in accordance with a first
rel ati onship; wherein the first signal adjusts the second value in

accor danceowntdneasdgecond 15rel ati onshi p; wher ei n t hePCirrsstommbeki onshi p
is between the first value and the second val ue; wherein the second

rel ationship is between a value affected by the device that is external to
the systemand the reference value; and wherein the first relationship is
dependent on the.second relationship. 20 14. A system conprising: a
first device ¥nfi'Pfg a first receiver and a first driver device: a

second devi ce CONPfhicFirfGaficSE kR hah BEYSId Pilek; angecond driver device; and
a communi cation line for conmuni cati on between the first device and the

second 25devi ¢esscobraltaner t he first receiver is configured to determine a

fi | ogi f d dri devi i.nd d d | ogi
tate of the fir ot TaAT 0SS! GRS Ceitr SRR Rt Ko COLoR® PO s

confsi gur ed t oddgdcadt md@rst @es@dond | ogic state of the first driver device

i ndependent of the first |logic state of the second driver device. 30 WO
2012/ 061644PCT/ US2he firgsghpremains lesy hantigsosond ot cl ai m 14,

wherein the first driver device is configured to transmt one or nore first
signals 5fromthe first device to the second device over the comrunication
l'i ne; 12.  The system of claim 3, wherein the logic state of the device that is external

to the system is based on the second value and the reference value.
10
13.  The system of claim 3,
wherein the first signal adjusts the first value in accordance with a first
relationship;
wherein the first signal adjusts the second value in accordance with a second
15 relationship;
wherein the first relationship is between the first value and the second value;
wherein the second relationship is between a value affected by the device that is
external to the system and the reference value; and
wherein the first relationship is dependent on the second relationship.
20
14. A system comprising:
a first device comprising a first receiver and a first driver device;
a second device comprising a second receiver and a second driver device; and
a communication line for communication between the first device and the second
25 device;
wherein the first receiver is configured to determine a first logic state of the
second driver device independent of a second logic state of the first driver device; and
wherein the second receiver is configured to determine the second logic state of
the first driver device independent of the first logic state of the second driver device.

30
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wherein the first receiver is configured to receive one or nore second
signals fromthe second device over the comrunication |ine; wher ei n

t he secomslodnivenesdevi ce is configured to transmt one ecTmse@itosied
signals fromthe second device to the first device over the conmunication
|l ine; and 10wherein the second receiver is configured to receive one or
nore fourth signals fromthe first device over the comunication |ine.

16. The system of claim 15, wherein the first logic state conprises one of
a high logic state or a low logic state. 15 17. The system of claim
14, wherein the first driver device is configured to transmt one or nore
first signals to the second receiver device over the communication |ine at
a substanti al 1y siﬁmiﬂahmoq%dmhnb4as t he second driver device is configured
to transmt on nal fir recei devi ce over

th
the communi catrgamaar Fis rver do R rtieb it e et FEBoBY i FEHE Gevi ce,

conpr i si fign the first ﬁ@sﬁ@é 16l thg sccON@ Heic& VBINHY Gairh@ilcdtiongine@ si gnal speci fying
a first value, wherein the communication line is conflgured for

bi - di r ect i onaWherghintheliEH¢syehtoppBauEH o faceige opsampiesscer signelssecond
devi ce, ﬁg@t}&‘@?gc%h&‘dévﬁ&évg?va ugﬁ? 1£a%h§9mby an output of the first

devi ce; alning a secon roma driver device; obtaini ng a

reference val wl¢reaintle second driver devitetieeonifiguird, to hasgnit ofc dhdofcithisd val ue, the
second val ue, ~and the reference value, a 30logic state of the second
devi ce. Sig@lofanytheiesendpdayiessodha fissdoviqe ar thq@mmrﬁ%waf ing} 3fidm 18,

f ur{oher CO”pfbvﬁéﬂa  the secddf ‘?éc% ef‘ﬂ cﬁnﬁ &m%é@@i% bfP@o Bllé%o% ﬁgnzﬁg' the

first val ue e secon ue; gen ra Ing a secon sumat 1 ol val ue based
on the sfomnbe fisst deviemoivdritie: croefimmmm:tmn\lmleue and

16. The system of claim 15, wherein the first logic state comprises one of a
high logic state or a low logic state.
15
17.  The system of claim 14, wherein the first driver device is configured to
transmit one or more first signals to the second receiver device over the communication
line at a substantially simultaneous time as the second driver device is configured to
transmit one or more second signals to the first receiver device over the communication

20 line.

18. A method implemented by a first device, comprising:

receiving, over a communication line, a signal specifying a first value, wherein
the communication line is configured for bi-directional communication between the first

25 device and the second device, and wherein the signal is affected by an output of the first

device;

obtaining a second value from a driver device;

obtaining a reference value; and

determining, based on the first value, the second value, and the reference value, a

30 logic state of the second device.
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5conparing the first sunmation value to the second summati on val ue; wherein
determ ning conprises: determ ning based on conparing. 20. The nethod of

cl ai m 19, woherxisne4ihe first sumrati on val ue conpri ses treTABRIINB®FI22RI Ue
adjusted by a first anount, with the first anount based on the second

val ue; wherein the second sunmati on val ue conprises the reference val ue

adj usted by a second anmobunt, with the second anount based on the second

val ue; and wherein_the first amoypt_ offsets the second anount. 1521. The
met hod of cla %120T %ﬂ@ﬂ@ﬁﬁkﬁgﬁﬁjgﬂﬁ& PHOMAPEYE: summat i on val ue to the

second sunmat p G ¥Rb YT SuitRHAVA IR WaYed HethS &R vafic GRIRR! deBhdd a¥d ue of a
driver of the second device to the reference value. 22. The nethod of claim

18, wherein t pactatigge sstaidsugomionsekicdascdafn the kéoghd 2aluogind thetraficecnoe a | ow
l ogic state. 23. The nmethod of claim 18, wherein: the first value conprises
one or n%#$%3P a first voltage value or a first current value; 25the second

val e conpri sgsmpiigdhe ARE Qurlha@orSRIGNE tNObdcB8E sitAmbgorPYalde;second vol t age
val ue; and t he reference val ue conprises one or nore of a reference

vol t age val uewberch qesirBring e0MPFiyEnt val ue.

determining based on comparing.

20. The method of claim 19, wherein the first summation value comprises the
10 first value adjusted by a first amount, with the first amount based on the second value;
wherein the second summation value comprises the reference value adjusted by a
second amount, with the second amount based on the second value; and

wherein the first amount offsets the second amount.

15 21.  The method of claim 20, wherein comparing the first summation value to
the second summation value is substantially the same as comparing a value of a driver of

the second device to the reference value.

22.  The method of claim 18, wherein the logic state comprises one of a high

20 logic state or a low logic state.

23, The method of claim 18, wherein:
the first value comprises one or more of a first voltage value or a first current
value;
25 the second value comprises one or more of a second voltage value or a second
voltage value; and
the reference value comprises one or more of a reference voltage value or a

reference current value.

25



