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the Invention [0002] ' ' tes to the
field of integrated §§ﬁﬁ@gﬂiﬁﬂfggﬁ%£iﬁﬁits. Mor e
particularly, the invention relates to the field of
hi gh speed input |ogic receivers such as Conpl enentary
Met al Oxi ROSSIREPERIENOES(TDRHLATED APELECAATONY
pseudodi fferential input receivers. Description of
Rel ated Art [0003] Cenerally, a conventional CMOS
i nput cej . S h n 3 r .
100011 06t ThRa i Spiof nfC i 08edy B O3, "Hloy SHARE Aplation No.
60/041,028,t fiicd kMde\A1c @000y entiledgADIUSTABLIE: @SPURORESEIVER FOR

LB BOM BT FUEH hien o BUEACET TRe) et elnbalic ™ herchy

EBbiporde&ilEy redtendehRrdif ke. For higher frequency
operation,” such as from 200MHz to 533MHz, severa

ki nds of Vrefbased singl e-ended pseudo-differentia
i nput receiver as shown j ' have been used
with different Vref val L}ieg?%%g{?%&ﬁ)one-half the

BLRPOHhY Hlvicaden W t hout parallel term nation or 70%

suppl¥ voltage with a Vddg-term nation. [0004] To
[0002] cover Th deventioneclptes dudlhic fickdnef Bigepeed s¢micongustor giras. More

BB RS AR RTBALA 0 BURARC

Sompletnenadriit Metal i Oxide SanicogdicerrMIEMIOY) einparr @abdedlers or pseudo-
i nput receivers and to turn on only one receiver based
ericEHEialAngrt [ged1vS. Thi s approach, however, is not

desirable in terns of area and power. Additionally,

the multiple parallel receiver inplenentation suffers
Desmppen boRakatedeAiegr adat i on t hat can be attri butable

to the increased i nput .c itance, Cn, and th
100031 ; e oGS, ptCORMTIOBYI QYIS dRY tohE Ve fhery et do not
BESOR RT1GMRE! T RRAMNMGS VRROSIshEhEUR Sidurb S uding thick dovices

sinplified schemati c di agram of an exenpl ary
eror themtevag¢esaworks well below 200MHz for low power memory interface such

as those defined in External Bus Interface standards EBI1, EBI2, and the like. For
higher frequency operation, such as from 200MHz to 533MHz, several kinds of Vref-
based single-ended pseudo-differential input receiver as shown in Figure 2 have been
used with different Vref values, such as one-half the supply voltage without parallel
termination or 70% supply voltage with a Vddqg-termination.

[0004] To cover wide-range frequency and support for Vref, such as required for
receiver implementations in support of a low power Double Data Rate (DDR2)
interface, a simple solution is to configure multiple parallel input receivers and to turn
on only one receiver based on the Vref value. This approach, however, is not desirable
in terms of area and power. Additionally, the multiple parallel receiver implementation
suffers from performance degradation that can be attributable to the increased input

capacitance, Cin, and the increased input-path delay due to the added mux.



CMOS receiver wthout support for Vref. [0006] Figure
21is asinplified schematic diagram of an exenpl ary
wepiedsetent of a pseudo-differential receiver »E1/1S2008/064968
support for Vref. [0007] Figufe 3 is a sinplified
schemati c di agram of an exenpl ary enbodi nent of a Vref
adj ustabl e self biased pseudo-differential receiver.
[0008] Figures 4 is a sinplified schematic diagran1of
an exenpl ary gRPLFIDESCRMTONG TRl PRAWIRGSS
bi ased pseudo-differential receiver. [0009] Flgures
[0005] 5a- 5f Figuee éumlﬂlﬁlpleﬂedjscahgmm dofgrame of enneroelacy cowdediment of a

8g%gr|n va&h %s ex%gf ¥ recei ver enbodi nents.

F [CBIVgLVENSSEPRP HS; fied schematic diagram of

[0006] an expigatan Vs andaglif@nichematc H[a%farﬂ@ﬂfldtﬁte’v)c@hglaiﬁ lefnbodiment of a
bi ased NMOS pseudo-differential receiver

Fcyde-differprfiag raseiygr with seppoetierieéfe di agram of an

[0007] exenpi:%&){ef ? q??tdsl rﬂgnﬁeao gch%mXﬂ? fd a%gﬂfgsotfégl &e&?i@%h@?g%em of a

seudo eren fecelrver.

mﬁ“ aﬁjlmalblemeﬁ“dnﬁ;b@gg@ﬁs d@ﬁferbﬁiaﬂ efRBREE Curves
npari ng various exenplary receiver enbodi ne
[0008] [ 0013f1gpreélﬂ- I %gsmg)llgleglspﬁﬂmqtméhagrplgvﬁzf% @xegmlagﬁ ernbodlrnent of a

el f biasin
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[0009] [ 0014f1gﬁi’ﬁe Saefrfchre eixphifilcd dydirinss efSeutfdneredencureesm@arparing various
se&é as anmﬁx%gfle, I nst ance, or illustration.”
HE SRR EMAREEI I Bed herein as "exenplary" is not
[0010] neces?%’iﬂré ¥ it @ ABpEORSLdhdREHAYidRah %'fraﬁdex@fnplary embodiment of a
advant ageous over ot her enbodi nents. [0015]

Veefadjusthbtbesstrbigst i dM Q8 psfusiot difforshtoal rﬁcrelm nn ect i on
Wi th appended |ntend as

100111 o RS RRE A EFaRRt SRt il 97 Sn Bslolsrg smppdiment of a

V%f%ﬂ}dsfaﬁle%ﬁblé%e@pﬁeudﬁid@ﬂﬂéi@ﬁhaﬂ@edeﬁd@f esent the only
enbodi nents in which theﬁgresent i nventi on can be

[0012] pr act Fieaees Sthf aresimpldicdrisreipys ofipaprmapeughives coptiagng various
gf%ﬁﬁ%gﬁ.&gvgggmg n&ﬁVV|ng as an exanpl e, instance, or
| e] S ((1:]1 0

|on uld not necessarily be construed
[0013] as pr Bigare @ds osingdifedtfhgebus of\warcxempiry exbogil@nyof a method of
odi.ment s det |Ied descri ption includes
%%E@ﬁ$v%pﬁ@9%#W§?¢ P {4EVEUr pose of providing a
t hor ough under st andi ng of the exenplary enbodi nents of
the invention. It wll be apparent to those skilled in
the art that the ex®FETrAlEBBREAMCRENITONI the

o014 LSRR RERE At Lo WO e SREELELS oy e
or illustration.” Any embodiment described herein as “exemplary” is not necessarlly to
be construed as preferred or advantageous over other embodiments.

[0015] The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments of the present
invention and is not intended to represent the only embodiments in which the present
invention can be practiced. The term "exemplary" used throughout this description
means "serving as an example, instance, or illustration,” and should not necessarily be
construed as preferred or advantageous over other exemplary embodiments. The
detailed description includes specific details for the purpose of providing a thorough
understanding of the exemplary embodiments of the invention. It will be apparent to

those skilled in the art that the exemplary embodiments of the invention may be



devi ces are shown in block diagramformin order to
avoi d obscuring the novelty of the exenplary

wepiedsement s presented herein. [0016] It is deBdT/@k1068/064968

[0016]

[0017]

[0018]

[0019]

[0020]

to have only one configuratioﬁ of a
wi de-frequency-range Vrefadjustable input receiver.

The .recej ver configuration can be nade to operate over
Brogficrd WHRRR dhesy Schdé% A5t P ome W@%C%W@@iapwvrsgvcmres and

Y&Jid8Sire S PRI BAGEAorh IE of RE & ¥Rfid 66ulRg BRSIdW¥Ity of the
adjusted with changes that only have mnimal effects

orentfiley zndad omatppeemtaldreseinpt i on. [0017] Figure 1 is

a sinmpl.ifjied,schematic,di agram of an exe a

e ol ieS TS ARG vy RS FO TR Rl & S M Baygnevsanes Vet
Mijgdtabld hEput ABMeVYr] O reder EQERIuRTon 1A 1f mEHQW Bpdrate over a
can be inplenented using conventional thick devices or

widenfreraighese sangp eod @ ermhavido rapenatol offal vamess Fleg perfarmance of the

gegglfvlepgaln% eesasﬁ%g%@wiﬁnc%{a% e%t %?o%h@%g@%al%%tsﬁie area

confi'gured as inver I"nclu
Ppsiackedinglioan NMOS FET 114. The source of the PMOS

ET 112 is coupled.to Vdd and the drain is comon w th
the dFiguFe bfis pHdmpiites spmeta diagrme 19f gperamplorg gsmbrdiment of a

y i ) f 1. )
%va@h‘ﬁorﬁi nﬁCH\JII;GE]S V%({Qﬁrek Y6 Wi Bbut ?ﬂ‘? gk %Egvenklgﬁalmsgl%gewer 100

12 is co the gate of the N FET 114 an
skfigers lasantbeampigmuntddousitpecofidBionelctbickalevit€@Oor thi0dkS]ces.

The squrce of .th FET 114 can he coupl ed. to Vss
o o T h Ry tipnT DS, e o S REIgRs §RoRKRiopR complementary
ERRRLE BRfigdéd as 118108UREE P that NRINIS PABeRIFETFER &2éked on an

is coupled"to Vss and the gate receives an enable o
DB HIETs] Ignalhe SureicloditheyPMOPRES 17 ahtaapiegTo M2l apdrthe drain is

be confi.gured,to I ut put .of, the CMOS

DR B et Ins oVl PETRER iy bASaGRG fhg, puigut of the
oModenIMet enabife BEThd 2210 FUpheds tomMidsh aitH th&ate of the
drain is coupled to the outPut of the CMOS inverter.

NMOYEES 1dt anfsciprs tap dlTue topthy CMOS recesshf PQur ed to

recei i gnal T .

convertt Sare SR YERE! FRY M oerdind o UG opgpomaty o the
gtappeotinedtiod &f anl NPIQS cnabieFEMaY] iTthe soorcs wifplas NMOS cnable FET

varj abl e Vref val ue makes the conventi onal. L
Fetisicoupled foVpeayl he &ite AeAcHCh a1 crahds santioh signalp Simiarly, a PMOS

ELBAUEEEI 85 i bd c@rﬂ%lulredstwgﬂg éi;gﬂgg buli gned C‘M’O% inverter when the

Vref-level. The Vref valu consi dered the
moniterab nbiogpiabletl hiThs kaurds ofathd PMI@S keoghile FET dAgiis ¢caupded to Vdd and

rom. ow hi gh or, hi gh-] ow ar t.en specjfied i.n ter
e B ot @ bt & e it bR ofhe bF of e BB cnable
BHPROL bis ERitigArdad tQENRthYcra®R dodtrb PR ful Vr ef val ue may
be desirable in order to conpensate oOr otherw se

i nt er The eonyientiongl VOB recgier £@0 eflEigungdydoes not support a Vref input,.

The inability to support a variable Vref value makes the conventional CMOS receiver
100 less desirable for operation at higher frequencies with small swing input aligned to
Vref-level. The Vref value can be considered the nominal logic threshold, and the logic
transitions from low-high or high-low are often specified in terms of a Vref value when
the receiver supports Vref. Support for an externally controllable Vref value may be
desirable in order to compensate or otherwise interface with a bus or device that may
not operate at precisely the same supply voltage used by the CMOS receiver 100 or to
otherwise compensate for effects of an electrical bus or interface. Indeed, some

memory interface standards expressly set forth a range of values for Vref.



not operate at precisely the sane supply voltage used
by the CMOS receiver 100 or to otherw se conpensate

wo evosafdrect s of an el ectrical bus or interfacepCt/osmesi064968

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

some nmenory interface st andar s expressly set forth a
range of values for Vref.[0021] The exenpl ary

pseudg- di ffer enti al i ver 20Q e d| of Figure
> i nellb S spilesd ?@F@n&ek@mwﬁ oyt o6 Feie 2 includes

EPRTIRIRI ¥ REREPERs FIVELVANET alhel&ERbMEY Cﬁ/%éﬁof‘d"{?&@hﬁa@ Neceiver 200

of Figure 2 can be based on the sane i nverter
debediingadof Kigune 2esxanhé dryedeoh dlti same (VOB @Mereerldesmbed in the

T i R Do MARREEL 07 BOUERR oh o NMOS FET

u NV @hd e tWdRHTs sﬂl&%%?donﬁnaa eite CdARcd 45 ths invebitih
ubst ant | ally in parallel to the CMOS inverter.

par al PeYref 6P wettip @ﬂsm@tfeér%lb@t@ntwélgu in neeiebior the CMOS inverter.
?i&% ﬁ&raftle?l%nhﬁ%uratl rﬁlree?%/% K 61§:8tr%3 gfﬁa%[c%fépé\}i%ﬂ[el,eﬁgh that the

Inpuecdrest asthcCOOMor & Valc€ CIMI@S @uirpul tiKUCVEDS inverter are common
connections. [0023] A Vref value drives the input to
e thegtut Wﬁélqonnepﬁ@n%/r ef value is typically

recei ye e t
cir Cu%i‘t @I‘éff ougﬁ%i]e Vr {\%ﬁ%é‘e%ngfytg/lls gt ggﬁgrg{% yalue is

typicatin attcet\@dafmm nh egteata dnteifacuivtan ililegiatal ¢iyuitt hkthdvgkfthe Vref
vagl ue represents a logic threshol d, set oi t,.o tri
¥ ey e Rrsnsreld el e Hirp e Sty vigally, the Vref value

Adkushed léé?c AEPBIP4ahSint, BF &1 ﬁ&hﬂ" orie Va3 thOlgic threshold may
devi ces that may not operate on the sane voltagé

bu belweéﬁo pheonmepdate fdo@Eoing witiTherivuse flodsghygaiay not operate on

R0 B et Vs P55 STAE NBEC TR MRS o PMOS

h’@éfeFEDmm%tz@ﬁ&cﬁ oft QR MERIODNFef FRT N4arEhe PMOYWREDFED 212 and
receive the reference voltage, Vref. [0024] The source

NOHAS MrebRED 21 thevprmmemyn gricrmonnectmng. v kighrsreopighred e receive

ﬁl%%i%?en%v& PM%@ FET 112 of the CMOS inverter. The
SoUr ce tonnecti ons are coupled to the drain of

a pul 11“h¢1 pmﬁ’MBatﬁEﬂ’tlde@f thé VOB W e EFBT 21Rds pomimonpw VDS source

T 222 is_coupl ed while the gate is coupl ed
fgheh%MQénﬁ%F ldnzaﬁfﬁil% g’& ST of T EoYRgR SONes cpapgetions are

h v
R OO PR N i G5 B ppos Fer

ZN0S conpled teVdd.Avipld the gatans ddMPE dRE Th@nthears dairdeainactions of the
g[o‘%l@@bgd to the common source connecti ons and has a
b dliffected to Vss or optionally to the drain of

t he NMSs@pabEshnk&lonledthe NNOSaY Rf PETI NG RUbhn@RVRith the source
NMOS FET 224 is coupled to the conmmon drain connection
of theldM@eFEEMIE plathe. CMOS inverter. A pull down NMOS FET 224 has a
drain connected to the common source connections and has a source connected to Vss
or optionally to the drain of the NMOS enable FET 124. The gate of the pull down
NMOS FET 224 is coupled to the common drain connection of the Vref CMOS pair.
The Vref CMOS pair in combination with the pull up PMOS FET 222 and the pull
down NMOS FET 224 operates to control the logic threshold or trip point of the CMOS
inverter, and controls the bias current through the CMOS inverter based on the relationship
of the input voltage to the Vref value. However, the conventional Vref-based pseudo-

differential receiver 200 can not always be well-biased to meet high performance operation

over a wide-range of Vref, particularly when Vref'is close to Vss or Vdd.



[0026] The Vref CMOS pair in conbination with the pull
up PMOS FET 222 and the pull down NMOS FET 224

woe@p®sasEss t 0 control the |logic threshold or trep@r/psions064968

[0027]

[0028]

[0029]

[0030]

of the CMOS inverter, and confrols the bias current
t hrough the CMOS inverter based on the relationship of

the input volta to the. W val ue. Ho
convents SHEIAR eppead fo5 & BRI b iARHE PLY feveféie%é%to produce 2

AR GAT iRt 1Bl NRYS iPFariRl lanbit@ 388t 1Re TRGE ré&big’@r based on the Vref

performance operation over a w de-range of Vref,
prRaratirguydnd. ythﬁguﬂn&multmla:inpgteretcelvwgnmarmd a{l(@@dé’qtmg one of

convent i onal for I essi. ran
OParbgaieaRLeR e B S8 6ot Y LTS BT Pt PG providing
suppRarfat Wile i e uétﬁ{y%ﬁgeiaﬁﬂ ‘Vﬂépi&ﬂngé eqgat WOQW r&ivers and
t he Vref operatlngv Configuring multiple input

metheily diselopad Ipseiamplementia swreelticisgt setiqr th@hletlllzﬁmtsmgle input
LV n e.v f n n

RSy PRI S bR B SL ol DB LT o

fran@@cianandv/i e/ﬁderraﬁg@of\ﬂeévﬁwéﬁ i nput receivers and

nmet hods di scl osed herein_inplement a nore effici

sol ut Figdra Aaie usimlified sehemplg él%gfﬁsmofraeyéﬁfi/éﬁhustable self biased

?%ﬂgg qggr@ﬁtia? nmt)mfrec'eﬁfei: o4l 9 gfléb kéf [l pg&g?o {ﬂ/}%@frg{ﬁlal input

I'nput frequencies and a wi de rang
r/eabiuels30q 0eREEs Proyusiens3or acc&psngrpIVIfef galus ¢her@VIOS pair that is in

f | ust bI d
B@gﬂ%gg]&%f %CZW% Ei\ﬂgg%gﬁ Qf%r pEthe @gp%%écﬁvef,geoos dgqwever, unlike the
D &sipde P peUle-dHtlafianit@ler &féﬁ{pl r?%%‘l%%ﬁm@tg%ﬂ PiglideSthe self

rovi si ons for acceptlng a Vref ue to a pair
lla&td pseuldn dpféwamtltaélrec@VftrhéO(h(funﬂw ianoged @glnedpq:ﬁaPMQﬁ FET 310,

r 300, e \Ir e
ARG R, ooy AR Ry Sy BMOS e rehanafirills 48 3 Source of
fhleI©S ZGETt 3® inehd addivaEBAORFRIA Thdhtiper BMIOSSFET §C@ h¥Eifs source
300 further includes a hel per PMOS FET 310

grupdgdniat Y dbpnd lé&)ﬁtmrgmv@kpdatg thsaavespleiic PMRR & TPMEgN the active

Pl Do, R el Q5 R Lo B EERER o 212

iThes, Sthur sef doayel e @dsdudo dikficraumtehl | inpu’d rrmdﬂvdroBl(ﬂﬂ e@nt bet &t&lﬁgured
the PMOS FET 112 in the active

aﬁa‘g{aﬁg%& tsntical 4o &y CHHRDECEH et ﬁéﬂ%arryc@n'aq ﬁ%t %r%lgure 2 with
MR R of Bt he ]§E‘1‘5P’M(t)§q:§[eé lfO Wh?c?leéém be referre% to in the alternative as

pseudo-differe I nput teceiver 300 can
@omfra:tgdmbdrEEstthaslwlpeyFlEéFent| cal to the CMOS

i BB M B ARBE R o U & Yl A bl arin coupted

toefhersb@e to? thO PMIBS &Efref mati e (08 16g|1w1ﬁnt il Qaﬁé olfﬁlTe helper
or |bias helper FET. [0029] The source of the hel

PMOS EET 33Q0re¢esvetsdb©| é@f YaéquBh%n thej hodped PAMAS @@Tpg HYeffectively
n the

mgnltors.ltﬁoWrSf hneo ]an(P IR OVI;| PatE Itl'g%s]_ 1:1311661 p ec ves %mverter
Vh@ﬁddlﬁdnu@f thE hdBper PMEOS EEHT@I OR¥ERItEthE p3d@cadiffeedntiviedeyeiver 300

to operate substantially as a conventional CMOS receiver when Vref is at or near zero
volts. Also, the CMOS receiver 300 exemplary embodiment of Figure 3 exhibits
performance that is better than that of the conventional CMOS receiver of Figure 1,
because the CMOS receiver 300 of Figure 3 can operate with non-zero Vref values.

The addition of the PMOS FET 310 to a Vref-enabled pseudo-differential
receiver permits the pseudo-differential receiver 300 to perform comparable to a Vref-

enabled pseudo-differential receiver, such as the receiver exemplary embodiment of



nonitors the Vref line and provides a path for I|bias
current for the CMOS inverter.. The addition of the

waoedopaso7PMOS FET 310 pernits t he pseudo- di f f er pait/usd008/064968

[0031]

[0032]

[0033]

[0034]

[0035]

receiver 300 to operate subst nti al | y as a
conventi onal CMOS receiver when Vref is at or near

Bt miiler 6P B BhaCo Y i 6Pl il s the pscudo-

Bett&tial RRBVENH0 E’cfnﬂgtﬂ?atl%ﬁrb\fqﬂgdr@ Radan t& 86&I avleci.'fl%@Bf Vref of
Figure 1, because the CMOS receiver 300 of Figure

@mpmp@tdﬁz omi Y tndAYz¥dd Vref val ues. [ 0030] The
gg g quj nglre? 4 gﬁuhﬁ?tepg/f%sqﬂgeggﬁ%’téglatﬁlg?rﬁ]?q(gr?%%teo% pseudo differential input

Reeivei0400.f fTRE aRpitakcdifGedx¢miplapP @nibd d et OF RiGRERRMAN @ as the
to a Vrefenabl ed pseudo-differential receiver, such as

@*?@m@&e@m@dl@%tﬁrpﬂ&&tw%bmh% tgUETS Fingyr be zonfigyded using thick

Vy, ef. IS Thus
e pseu oulm‘f;§élr%8n &7 re?@?vlgs)éu @? @aga?cafvegn‘{b@f exemplary

Erh@tbﬂlﬁleﬁt claRigoRes i SOIfﬁ\gafedasulhaﬁhg&) bt pverfo-differential input receiver
approximately from Vss to 50% Vdd, [0031

PomRlery arehodiment s teiedim Bgyreehn ddF @é@ﬁcﬂ%c%lf%enﬂal input receiver
BEEHERdL THale n‘glféfr 'P?JIOS -3 f(ﬁgsel'll}i&ht&pgl thg%ﬁerhﬁ'l \/\A‘ly ?rnbodlrnent of
recel ver exe ary enb FI gure ) | as

FlyareeX entblabo yndudee din m‘ﬁVIO§ helpeu sdnrfaguea;thnmmt h er

figures, e configured using thi evi c wel |

st hRe OBEs dSreR ks JabmRandn b rerrbereb RIS RS refgser 400 to
QVETDLAR YpRERLHHhBRy fh MiBUlc8rénts S af@Nipibifd o3bMd fange of
to the pseu 0- dlfferentla i nput receiver exenplary

¥ndfodl. reh D) Viddl udthpat edei rth@d@MQS BelpTheonfiguration 420 1s used in

Egﬁ%ﬂ% S E LAl I8N RS AL LIRS hg%fggrdﬁgzq gp\operate over

e hed vireMtaleds sﬁargm Capproxdidted} F6mi ViGltodeR, Vadd. NI\/DS
hel per configuration 420. [0032] The NMOS hel p

confi gbe AYIOR bedeer ponfipuiation 420 b&@é@smclfeéic@r@éﬂra@@@ of two

W%@%fg‘t ﬁ%&vgxﬁaogéfgg@@ fg]& @\@QS b%l?% 48&” § \)ﬁéﬁn%ﬁ%d in a stacked

Mfgutdﬁﬁnl\ﬂ\iﬂﬁathaiab&f NM:(DS FEUrdadi dn t28adksed wsefiiguraion, the source
mbination wth t hel per

310, th ,
obggier YIS 5’&%&3%9@8%?%@%@ Oilxﬁ@fetn%@r:%\é S FET 424 in
§I%%HQ§ : @eﬁé@xguﬁﬁttﬁétycﬁﬁéﬁmﬁé%é tltu%u 1% Mddipet Wéls FE® 422 is

el per configuration 420 i ncludes a s acked
Umrﬁliegmlannlmqembletw()w 29222 K3 s&ﬁ@hahdffAM A hel per

i th A eGort o PROREN ASh P, RS SRl oHE W enavte

Sl Gighat 5RM astal SntSAECHaBl bhfoNEEREr T ¢ 6Edh er NMOS
I s connected to the drain of the enable N FET 42

FRT &22 &y ¢andigundrie cedcors, the Yedf viehwgtand dlhvuseaperatdsdoy fartires megulate the
L he hﬁﬁj%ﬁl%gg 1rtlve%tgr fﬁ)aSS]@(IF, {]nhf)ab ﬁlle VaFue otfhhe 61'6? Vol(ta’age

'S SW
The pscudo-differential input receiver 400 also may include an active input

termination 430. The performance of the CMOS receiver 400 may be adjusted based on
a ratio of the output driver's impedance to parallel on/off-die termination impedance.
Although the input of the receiver 400 exemplary embodiment of Figure 4 is illustrated
as having an active Vccq termination 430 at the input to the CMOS receiver 400, such a
termination is not always needed, and the termination may be omitted in other

configurations.



[0034] The gate of the enable NMOS FET 424 is

configured to receive an enable control signal, such
w@szo00ansi7d er f ace enabl e control signal. The gat(er/082ot)$ms496s

hel per NMOS FET 422 is configlred to receive the Vref

val ue and thus operates to further regul ate the

currept throu t he iLnverter based in part on the

[0036] \/ 5| yeligresa-NraEs S glagr%@% pef ance curves comparing various

{%%&leoeﬁhfpflaﬁ'& ‘E‘tﬁfjobéﬂrnén'f‘sf3 Utigh @GR il @&raftd Q1£|C§Qeﬁ'@¥vuh respect to Vin
I nclude an active input term nation 430.

frertho revarvee cxdmpliy OMREimedeiilwstradon rFagzurbﬁel—dld'fvh@t &t is set to

on a Jatio.of the out n to
B8 o Bedflsd b8 v A i B T B aPias TRRFRNGE gl cxemplary
érhsodlﬁ@uﬁofcfflgﬁreelg c@RtanehllPRMitexenpl ary enbodi ment of
gure 4 is illustrated as having an active Vccq

[0037] t er m Regroab ddetrates ithe cmﬁ?ﬁmpndl@g N@étagy\/wmf@c@m@n abyout with
’Eelﬂfg:&t & WI{ Pgr tﬁé {regglvels ext%&é) daaf?r %%?)ﬁfﬁ?e%gse\gith %Qf getf' f 0V. As can be

m nation nay

senf frerdrtad Ivethe[ 00364 fungtidrest bagudé S8y eles¢dﬁpbmtfdnaﬂ Vref enabled
di agr ang of  performance curves conparing vario
PR HFCTERBBEEHYFT B AR RIS CTbPgiReat 95 Flguras?t perfags poorly

Bhast %U\%p{)ng }évlntegrge@g,pect to Vin for the receiver

exerrp ary e nments illustrated in Figures 1-4 when
[0038] Vr ef Fruseic tllosttMes Bec ausmts Weh VespectvtaMie forsths ectcetwer Bxemplary

VO the, bias current in t e | ary enbodi ne of
P inent UG B eaer ) PR SAC POBGY)TBRGIHP B Bpone-half the
gl l’!fﬁfu%%leﬁlo‘é@@x&ﬂil&ﬁ%@ﬁﬁ)@irﬁ!&té’ Qlslfotd enRghalue. As can be seen,
function of Vout with respect to Vin for the receiver

thr eadditromyo et dutinee MBS svineteasgr e agmtunt of Ourenighetasicdgly state bias

m t |t { f f t f Fi 5D,
CREM RO EmER P BR bhERRGG pseudo- i fferent al

[0039] I ecei FRfure2 88 iRk ahy cefbpdhdiBg tvotthedtrnkf@ Rinpedd 6f Wout with
poorly when the Vref value is near zero. [0038] Fi

Bep¢at |10 sY mafassthp raeciveir ¢xempdany erpbadigps thlﬂb Wiefrr(@ g}Vdd- The

18 SSOHEE AT ks SORAET L L L ERAL iy vad o
1 BE’ Vathlusy ahe) & réfovaldid s Bigaxes nibl ardys«e ﬂfﬁl@&pﬁﬁhtcs approx1rnately 0.6V.
supporting a Vref anl ue. As can be seen, the addition

Brcaupe e fqsas threshelq rppesgite SP‘Pﬁéa%&ﬁtSt%}’fda%P‘? Ieuratieyy cach of

t
BB B pprgal LLOR, I B

[0040] cor r eEuredtanglustodtesalges curaamss wrth frespettitory 1mffor\thejteomvteh exemplary

t to,Vin f th I
DR BR S Iddn et FAOUFDSnS! R oFtip TR BLE e the Vad
{d18c RRNARE FREBElaSKNE R EntE kot DAVRIf vilue! | ze a Vdd
of 1.2V. Thus, the Vref value in Figures 5b and 5c

[0041] corr eEm@rﬂj 5§ divapptes hareeretspondisy volegsatians farhfuscticngpf Vout with
regpﬁc? jr\/gt% Ifo%ﬁfle ?e%gllt%%r (—?xuekr)nsptlgrg}tem%lod%ne%tssxtvﬂﬂ %‘69—0.7\7, corresponding
to approx1rnately 0.58Vdd. This level of Vref may be greater than is conventionally
supported by a conventional input receiver, even one that accepts a Vref input.

[0042] As can be seen by the performance curves of Figures 5¢ and 5f, the CMOS
receiver exemplary embodiment of Figure 1, which does not support a Vref value, fails to
enable adjusting the setpoint or logic threshold of the voltage transfer function. The
CMOS input exemplary receiver embodiments of Figures 2-4 closely tracks the increase

in the Vref value. However, as can be seen in the voltage transfer function curves of

Figure 5f, the exemplary pscudo-differential input receiver embodiments of Figures 2 and



t he exenpl ary enbodi ments perforns satisfactorily, as
one woul d assune. [0040] Figure 5e illustrates bias
w@oosasi7s4 Wit h respect to Vin for the recei verpCT/US2008/064968

exenpl ary embodi nents illustr8ted in Figures 1-4 when
Vref is set to greater than one-half the Vdd val ue for

hose exenplary e di.ments supporti a Vref val ue, .
% SORIYPPRrg gl%qasq R RpeRt ehaot b | dee Aetirego et Wageoutputting
IeaBsf Ripid bael | PRe @MISUIhpNY Eddeih S BE Flguk® 4\VhdVif Lfhe! Rper NMOS
recei ver exenplary enbodi nents with Vref=0.7V, ' o
corfigesgtonghalycs the apipubxoltage ¢d puldDn&8ardd zerPhiodts wéer theafiput is high.

ovss 1 B0 AGEEH ST 9% L FORL IR RHBREEhE

ACEOBL, Dubmdly e dppRetdble DA inPst RREAVEE basRINod¥thehEonfigurations.
Eerfornance curves of Figures 5e and 5f, the CMOS

e (dp dexiappiiad poleampiei dagranopl B ge@plary whibedingweof a Vref
%ﬁhﬁaﬁggﬁ&b§qe&g(£6M@Iue, fails to enabl e adjusting

e setpolnt or logrc threshold of the voltage

[0044] t r anshefirst MMOSATET T iChEbidungalilis exelopicataye. r Faeiguerof the first
enbodi ments of Figures 2-4 closely tracks the increase
1

NMOSEE 614 yhr g% ggceivgethe Apus él.Oété%Eh iThe (squrce of the first
NRIOSFET 6 ﬁpﬁfcggl_o%ﬁ ?? ttﬂeo&}aﬁluﬁ';fv foeRblNUBS FRT 624Nerhe source of

exenpl ary pseu erential | nput receiver
thebod blreRMODFER ¢y sscadipbeddd Cssnorsgrppod,t artdhthe gate of the enable

' d Vvref value, but.do not. pull d near ground
DRERS BB Hat reptined utiteos oo et B s TERERET npu

[0045] T €cei YRE dflin & GUTRstNIN@Y MET e rdpéRets tMdBic output from the input
configuration enables the output voltage to pul?

reseiver 6400 Herdramalftlse fseNMOS FEAUY 16 soupilghto th@duB] of an enable

PURER S (Pah TR 15 PRt olpt e R dhe Mot rceiver i

Afnk6ial Fhé cowRtdef the BRpAblc PRRES VETH2Raseshplid t9tWHRY, while its gate
configurations. Figure 6 is a sinplified schematic

Hcaiyeathe getivnhisl epghlasigndnbodi nent of a Vref
adj us I . [ ecel 4 ' T.

oo 23, S0, EREEML AR5 st MO
fdcosd NWOS HET 6804 onfigmedfasguVed WM FEITV eThdgatengfuthe second
vol e. The source of the first FET 614 is
Té%égg”ﬂ 4 rreciypnths Vet signaly aiile %@#ﬁ £ecopdeNMOS FET
g5 {sc(g)rﬁ’ffloﬂ W?thecﬁé‘l%lﬁcyme’:fﬁgt RRA0S$ FEAO4R. efhd Qra)fSSF @k second
groun and the gate of the enable NMOS FET 624 i1s

DOOS & BT Otin coupdai toehagataconneetidrisgi tenatfaeats pgihab FETs.

[ 0045 he i n of i,r,st .NMOS FET 614 r esents

10047] ¢ o et BHICRUR b T G2 it SPce FOpecbigny Bepasine Coupled o
HeadrBinQff thb8edonf NMVMBETER0644 b ArHRWBLSAEd k@ tHeh@ain of the first
drain of an enable PMOS FET 622 that operates to pul

M OhEET U IYutA vesiond FM QB enll uipd HTnpid hasdiseiovese cogpladto Vdd, and
GO Bt TSP Bin By SIIPH YR TRTe8 s o 0

[0048] hi gh ®hakipat fgRed 600 includes a helper FET configuration including two helper
FETs, 642 and 644. The helper FETs 642 and 644 permit the input receiver to operate
over a wider range of Vref values, including Vref at or near 0 volts.

[0049] A first helper PMOS FET 642 pulls up the logic NMOS FET 614 that has its
gate configured to receive the input signal. The gate of the first helper PMOS FET 644
is connected to Vref. The source of the first helper PMOS FET 642 is coupled to Vdd,
while the drain of the first helper PMOS FET 642 is coupled to the drain of the logic

NMOS FET 614.



[0046] The configuration of devices inplenented to

support the Vref input include a second NMOS FET 630
waonBitgrped as a Vref NMOS FET. The gate of thePCEHESDN064968

NMOS FET 630 receives the Vref signal, while the

source of the second NMOS FET 630 is common with the

100501 3aeon hAMEBNEESPEIMOS TS o 1 W' gt sORDNALES FET30 that
Ris ity ‘é@t@&ﬂ%ﬁ&@bf wld vidpvEIEdS Th& 04 BF 1 sfeédtﬁithe?mmg FET 644

has its source coupléed to Vdd, a gate
rso&lml euntded heVdifaiThesbutchof ﬁ@cmdnd\mrﬁm%ﬂﬂﬂ &l isacoupled

& Lo Buedrafer UG ke ner Ao B gl B bl die arein of

e WeeNMamSI Fegtd3oi ts gate and drai n connecti ons
coupled to the drain of the second NMOS FET 630.

[0051] [ 0048Tharthelpen Bl Tsr enesato dp Bodh thec bayee nagnpre pp yheppopnfigured to

%ﬁ)@fohgﬁuggfp@%ép géltgd ;ﬁ% %%@Szlge#ﬁﬁﬁ:@ﬁggﬂﬁﬁgﬁmg epa%es to supply
bias ope¢mte teVMEMGS Wgttefatd avtgeaundtr donditiond vdess the Vref Value is low

including Vref at or near O volts. [0049] A first
pieng3EP Vo FET 642 pulls up the | ogic NMOS FET 614

[0052] t hat F%ﬁﬁ’ﬁs{s gak& g?@%k&gﬁﬁgc td%lgf‘aﬁﬁ %lf\é%[%lalzg_ra?g%hlbodlment of a

si gnal . e gate I rst per
Yorfnedoeable @eWrtaﬁsedT@MOSa uecceveof700he The reehfipehiper oPMBS CMOS

FET. 642 s d to. Vdd, the drain o he . :
Ficriyer Yl %fef?lg SEEHIE49 tﬁlf‘scoe%@a din 25 e SIRS et of Figure

LhegbRies, M%eg&TdﬁfjeﬂeI{tlgpg&leghQO§ FNFuide] RNud M:aSVref level
FET pulls u&q or second NMOS FET 630 that has

fetectgn?40 ca rrtchhrll ela.st byhetlm NMEIS VR weonfighatigatae imfthe heemplary

sec 44 | | so ,connected to Vref.
R R AT N A S
[0053] COUpI The b@euudculfwvgnﬂwﬂ i dEaidt 0 ¢ 5&1@@@%@&1 Parthe CMOS
PMOS FET 644 is cou to the drain of the Vref NMOS

FETiVeRy. FlE’@‘@EZl]A'ﬂM ﬁ@EgTeHZF‘E'E?Cb%?Ia%NMOW@H t e and the two

t a CMOS | ogi c
PR eI g Coupin MR LORRTLLAUL B iDL RYRBRE 2 SVes (o
[0054] suppl } Vi MOB rpaitis bOSltlbl&dWaﬂltmjllang)aﬁﬂéleEwethe @Mes inverter.
condlt ons._wher e t“dg Vref valu

¥ Vaef FHéopaiEngidss ¢ AMOY \ap i ggtagk?fgﬁlg%ﬁl %MOS Vref FET

Qlléﬁgr'ﬂli@ Phio8 ?&%“ﬁ?%zemp%mt Vobf fEY §f4 have common gate
adj ust abl e self biased CMOS receiver 700. The

comtctgans awhioh aof configuEMBsraceive lthﬁenefefﬁﬁce(ybltfgeg Wref. 7 | S

o0ss 2 1 8y SR G R0C1 LPEEOUED LSS NEr B e s
SPhcOPMBISIEEE 1421 STCthe X0 My &tker! EMRI cHBMBE tsBilircd 4Bnnections are
rather than just a hel per NMOS FET configuration as in
edvwlasidertig dietn of a pull up PMOS FET 222. The source of the pull up PMOS FET
222 is coupled to Vdd, while the gate is coupled to the common drain connections of the
Vref CMOS pair.

[0056] The source connection of the NMOS Vref FET 214 is common with the source
of the NMOS FET 114 of the CMOS inverter. A pull down NMOS FET 224 has a
drain connected to the common source connections and has a source connected to Vss
or optionally to the drain of the NMOS enable FET 124. The gate of the pull down
NMOS FET 224 is coupled to the common drain connection of the Vref CMOS pair.

[0057] The pseudo-differential receiver 700 includes a plurality of helper PMOS FETs

712 and 714. A first helper PMOS FET 712 has its gate coupled to Vref, while a second



pseudo-differential receiver enbodi nent of Figure 4.

[0053] The pseudo-differential input receiver 700 of
wor@ensn794 i s based on the CI\/DS recei ver of Fi geCBEUR008064968

PMOS FET 112 is stacked on anlNMOS FET 114, and the

tvvo FETs share a commpn gate connection as the

kbt DSAF Y 1 hpaRataciotoind avbbiprvB BB 1w Bctector 740,

Yh&EoeNSF Baiflrst el P8BS FRNOR M %Bu@EJ tc?gv’%d%&lﬁfel?ﬁg df¥tn of the
an NMOS Vref FET Z214. The PMOS Vref FET 212 and

Wrsehelp&ETPMOS NG €12 smovopled 4 theoommeat $oones, commcrthnaoﬁthe CMOS
nf i tQ, r t.he reference voltage, Vref.
R SRS S CEMOEREET  on of the PNOS Vref FET 212
[0058] | S COMH®Kouted Bf thRScsdI R PMbS F@Mfﬁ%o&ﬂ@d% Wdde The drain
CMOS inverter. The conmmbn source connecti ons are

ebigIseepnddhalngs PMAS FEt 722 puiaupleg tPRIDSCqRETOR 3ourcq Fennections of
aﬁﬁl\%éfsqggltcg?te%%d the P ?%E%}hzzz i s coupl .ed to Vvdd,

coup e comon drain

[0059] conneTh¢ oVﬁefO[evbhﬁie‘kérc&fr CMDSinphides a[IDQ'ﬂQDSThE"BOman stacked
connectjon of the NMOS Vref FET 214 is conmmpn Wt

sterErtion Witk aNNBd QSegnabiy FEA T4e Ematen@feﬂl@éw% FRY 742 s
m%ijé?m MR HE W22 ¢a10aS The gﬁab@oP&%WFﬁ? 74b 8 coupled to

n source connections and has a source connected
th(e drsia afrthopNMOSa¢daplet BET Wé4d rliengadé of e NMUS enaltde €ET 744 is
FET. 124. The %:atile of the

S PIOTNE LOFHONC deain CURABAGNES S NETYS spable FET 744

Rakd vsd 0057] The pseudo differential receiver 700
includes a plurality of hel per PMOS FETs 712 and 714. '
[0060] A f i r $he ﬂl@hrp@ﬁthPNM)SE*ET?MzZ nasupled tayaP¥ @opyl-ep FE(T 746 having

5 Stirati e P THET 18 GBI o ENOPNOS o R T B, 95 Bpted to the

dhaé 60Mhe dEMOIS FITE 782 I The Hedipof RMISIGEFET 12211 aseuplisidd to the
to Vdd while the drain of the first hel per PMOS FET

g%QOfﬁleééQ%lldé@lH%PM%g EBlfdA- source connections of the
[0061] CMOS ll"ﬁg'\/‘} 1%%8 c?e@g: ' Ov&e{h'g%p@ %Eeéldgo(ﬁélre;{ il Cfe%elver 700

sour ce of e secon IS COu
Mebodimaat df‘ Bignrof dhlﬁlﬁeS dfeOGMOSE kqpeitvePMOoHEmof2 Efﬁdently over a

co led to t omon ource c nections. of th

pr@ﬂ%%?ﬁ éF‘Ed’afW?é thangpe ?rent[l%@@@}vem@n@%ﬂon of Figure
he\TﬁE et I%G&Qfete%ﬂ)q 740 ?Illa!ﬁgtgﬁs W\r&g}s e 'b'[hssh%ﬁa%k EHTS over
configuration wth an NMOS enab FET 744. The of
thigeentitDs/ rEETang&Ztm snabbenfhicgprcedo-tidfaratiel vecete Mﬂecbf Figure 7 to

RSB 4P SFOLHBEIRSDSREBTE T Y4145 i) Qe comgponds to
DeSxiafaaN 6-0Fdel vodd fdsa 1.2V Vdd value.

[0062] Figures 8a-8f are simplified diagrams of performance curves comparing various
exemplary receiver embodiments. Figures 8a and 8b illustrate, respectively, the bias
current with respect to Vin and the voltage transfer function of Vout with respect to Vin
for the exemplary input receiver embodiments of Figures 1, 4, 6, and 7 when Vref is set
to OV. As can be seen from Figure 8a, the exemplary NMOS receiver embodiment
continues to conduct once the NMOS FET is biased to an ON condition.

[0063] Figures 8c and 8d illustrate, respectively, the bias current with respect to Vin
and the voltage transfer function of Vout with respect to Vin for the exemplary input
receiver embodiments of Figures 1, 4, 6, and 7 when Vref is set to approximately one-

half the Vdd voltage, which is approximately 0.6V for a Vdd of 1.2V. The exemplary



configured to receive the enable signal, while the
source of the NMOS enable FET 744 is coupled to Vss.
w@ 0@8Q@j07%he drain of the NMOS FET 742 is coupl BOr/us2088/064968
PMOS pul | -up FET 746 having itls source coupled to Vvdd.
The gate of the PMOS pull-up FET 746 is coupled to the
in of the N FET 742. The drain of the N FET .
%@?ge%ﬂl% Chegieditd Elﬂ@egﬂtdg%fwtt PrecRlet gﬁ@%%e‘imd thus its
VRS nfRL: ChfhinsiRO8:He NG FYiets sLx@lsrdet ector 740 of
he exenpl ary pseudo-differential receiver 700 '
[0064] enbodFigeres Sefanfidf Uhstratc eresirictzely Hbe GMOBuredevittercspast to Vin and

rk re efficiently r.a.wde ran of .Vref val ues .
R0 RS Syt iiopie o Ehn it BSpbENSCY Rt o Pl FEmAGRY input
FcaiveerfibodimentyYoeFiduedel, 46t eed Prvhéd0/aRisneRionS vAIRE greater than
ef fecti veness of the bias hel per FETs over the entire

wiehalf Hgedd woltagab e themeriosmaitrs-cyr vob of Eigured 8¢ andedfy Bre value of
W&%i?get B %{#ﬁrgx%a{e% @%g,r ate over a Vref range of
subs Yy Iro

anti Ss'to 72% Vvdd, which corresponds

[0065] t 0 appk@%h bRisenybyothe. pBtrialct Sufves ofl Flgu2d/8N@alyvihk Daef-detecting
EOOGZ] Figures_ 8a-8f are sinplified diagrans of .
MO rershEE of igres 7dsspler torriosehy irasiksthe gk Vaghylevel of 0.8V while

i: ' igures 8a and 8b illustrate,
hafdiNG aﬁ{&?&%{tﬁé‘%ﬁrenﬁe%‘l.

respective las current with respect to Vin and
[0066] t he vBhd¢haafeht camgflany ifprictdeorer ombdtiutentsi df ¥ igurspedtant digures 6-

in for .the exenplary input receiver enmbodi nents. of.
ot P biize o o6 Reyfteri\ii iy 4praerioct oE PRFeBIee AsShisgy module.
P& seeipié,r QRh FRaMEE oBaatali ﬁute%edTB{e%{df{ &I B8F BleYiRIry integrated
enbodi nent conti nues to conduct once the NMOS FET i's

pirastechnt e eonfigivredowigh &n ammut [faB63] aFidgieribed 8ercamih @der to enable

il u[st rat ey riﬁslpect i ﬁ\qlg%%. %gre bi as c];lJlrrent W th
PRAEHECLOEH W' F She P St ALY ANEYEY function of

[0067] Vout Rigule 9 8sPasiplified MoWchaf of fifc@¥HIaRY @fboliiiit of a method 900
recei ver. enbodi ments of Figures 1 and 7 wh

4! 6!
o egnfigyringe seld bigseaxs MQBrepeiyaieh bhg methed 998 conbe gg@mﬂed, for
ich i i . B\ VA of 4. 2V.. . :
el o F AR ALY of il ol oy iEimg n inpu

acciept dascvibed headiner ameh tdnffuring peiddaiarhavieg rteerdhms receiver
t he é;c{m as in Figures 8a and 8b. [0064] Figures 8e
dovgringd hareifist rat e, respectively, the bias current with

[0068] " €SPehe bR bR diNiffo kOd PR Itertﬁgﬁgsq%nefr %B_ﬁﬁ'%&@s flogic device.
Vout \/0 % ary 1 nput

wth respect to Vin for the exenp
Mesticommoslyhdblé wesigserofillFognfrgese &, CMIOS JogandnvErtaherwhich is the
Vre[i igoset to a val ue eat er t han oge-h | f %he vdd I
DBty B gny; IREICAV IS i fRE Y B MRe Be P %F@‘ﬁ FPUL gReeiyhyexemplary
ShbodifRnials BoOfimiE&to M OStcohAg@RRERX hidh&lcYiglerBMay configure,
0065] As can be seen by the performance curves of

IrgyrapIgf a NOHDY inveetenvr ef - det ect i ng

[0069] The designer proceeds to block 920 and configured Vref logic devices in order
to permit support for a varying Vref level. As described above, the Vref level may be
set external to an integrated circuit.

[0070] The Vref logic device or devices include a Vref device positioned substantially in
parallel to the logic device. In the exemplary embodiment, a Vref CMOS pair is
positioned substantially in parallel to the CMOS inverter, which is the CMOS logic gate.

[0071] The Vref logic devices also include a pull up FET, such as a pull up PMOS FET
that has its gate controlled by the common drain connection of the Vref CMOS pair.

The Vref logic devices also include a pull down NMOS FET that has its gate controlled



CMOS receiver of Figure 7 is able to closely track the
hi gh Vref |evel of 0.8V while naintaining an
waemepseabl e current |evel. [0066] Each of the PxBUPL08S/H64968
i nput receiver enbodi nents of 12 gures 3-4 and Figures
6- 7 can be utilized as an input receiver for an

nterface of an i nt eqr at or
E&ah?p@énm%%éfﬁl%a%@g oy P? g*sc\ére? Z%\é@gtnelr 11/:11%% pull down
PETHESIRFY tH UnSAbEelirfenf Hidi Hlow &hrAEhGROTMIYS Rshivbdch an

I nput receiver as described hereinin order to enable
[0072] oper afho miesgmr proviade tpagek G4 \andf opdivdaliy @qmﬁgurys one or more

ure.9 is_a ified flo
ol Evirar S b bl e o B Mol 660551 Fe Ayt A gyinective
Elgﬁelhfpebarﬁél dGtePn iR Jt@6ei YIRS enable dBEIEEOEhNI Ao GRNcdMigured to
perfornmed, for exanple, when manufacturing or

mhgmm@stam logie é@ﬁfa@teléﬁ QutptLintoriP o dAc i rsfalle logic output and

ﬁgtcﬁ E qglsﬁlrde ng e %lue ﬁwhe\ﬁh ggt %Rﬂ;lécgurzkﬂgﬂ%n%%u gernplary

avi ng recei ver eréein
Bfﬁbditﬁﬂleb@glllllilstreaéd etk iSpRmvene ddiec dﬁgh @nelle signal, the enable
configures a | ogic device. Myst conmnonl t he designer

G viFes R RegPecTae Mg PSSR Y 3cive hi arcRtylopynable signal
basel i

0073 5252) 108 LTGRO AELBIRY S8, IR gl BBl Bioc o3
hndednéigutes o@ﬁ/ﬁﬁnmmﬁalmrdatmccm sAs gidvnandieséxgnedarpenbodiments of

onfi qur e, a NMOS i nverter. [00 T

Rl et St b dATB ey iees Bons v BB P BaroaMy helpers as well
hso&iecor‘i'ﬁ&me'Srheﬁ{ei%er to permt support for a varying

Vref level. As described above, the Vref |evel may be

[0074] set eKedr HMOS diekpar icant é)g rmﬁé@n@d selsitantiallp 0F Qfarafiek t(\/rtleef pull up

E@@?F%ﬁ %Sl}agﬁﬁ:gg |c39n ?]H%H}yaﬁp Y;re Va(iiltleh%l%I cga.ogerate to pull up

ﬂl%\/lbgle oukput! MRCENNVDISAHY, ﬁ)eﬁ@@dierfﬁ‘ﬁitlon@d MitgtanEMBBiparkllel to an
M/SOSIH oned substantially in parallel to the CMOS
# pull dowhiFET 4ngl qap bavomatp é@m&e@@tthe Virgoaye- The

[0075] Xr SLI ’frﬁé?'d‘é%%%é nEiGe @én?'oob oggblﬂ eanﬁat 1 Lal HPe oﬁ&g df:%t)h;’\“ftrﬁzcietector

thatneem a@kroaopbrmterm,eetblm cwirerdt h&npl'ff&f GNEBII@tai‘ated thehe exemplary
Vref 1ogic.devices also_.include a Cg@ down NMCS F

?IHB?lePa%t Pk Eigyta & BenYiebdeisatey camituiendnNyQ@P pate ven by the
Wm%ﬁfe' Ahe Rk aih '8? théneln ﬁadoﬁ led A€ PM(ES Pﬁlfl-l%g?\gﬁm The drain

down FETs control the anpunt Burrent t
Oﬁﬁmd@MQSﬁgatelvmlsba@uplegao ehe gﬂebf]a Iicthger dIOGNEET that is distinct

PG sine: BLOTEET Wi muR B %Gt B HRLANE® Re”

[0076] ' nput Th&G& ¥Ehelp@ Phﬂ“s@n@ﬁl%(ihé thpRP rdcBReE toVEpRdt8Bver a wider range
edance or term nated state. The enabl e devices can
gf tefyelues nAi mgdrupchadger PMOS FET permits current to flow in the logic device

when the Vref value is low, such as when it is near or at 0 volts. The pull down helper
FETs assist in pulling down the low output logic level when the Vref value is higher
than is conventionally used.

[0077] Apparatus and methods for implementing an input receiver that is capable of
operating over a large range of Vref values and over a wide range of frequencies is
described herein. The wide range Vref enabled input receiver permits a single input
receiver to be used in contrast to conventional teachings of having several parallel
configurations of input receivers, each optimized for a particular range of Vref and

frequency of operation.



supply a constant logic state at its output in order
to provide a stable | ogic output and not float to an

w0 pastigr7od nat e val ue when not enabl ed. Al t houghCt/ig2008/064968

[0078]

[0079]

[0080]

[0081]

exenpl ary enbodi nents il | ust rbt ed herein i npl ement an
active high enable signal, the enable devices may be

i mpl enent e pperate using .an agtjve high. or activ

| ow eﬂg%%e_ df%ﬁhgﬂ e[aéfovsjﬂdA?ﬁsﬁstae@ﬁll?%tgﬁgwg-r@tl%@deﬁ&m?%may be
fovdsersd dstne@BYy ofhe vIRSk Ibe bRt CR oI 8%K (&3Qiques. For
and configures ‘one or nofe hel per devices. As shown iIn

thenmds.edatd, dnstrustibod icemandsf infargaties Bgnklsarbds.csymbalhend chips

5] PR, Bl 1S RGPS M o

baitages, c@ﬁ’@nt@,%l@&fdrﬁd%ﬂ@t@cdw&@&? maphdtl fidldd &r patiabd, ®ptit4 fields or
the pull up PMOS FETs and can have a gate controlled

partigles openy cembigatiemidicieah operate to pull up the logic

out pu a hel . posi Lioned . - - -
subet SheFart g ol Rt AoRSiaRTRdk AP gy, tsprgiyg tosica
blaokd)ameddegatiecuitol phédalperithhe sidpef dasadibedl. i Cdhbdctibhewith the
designer proceeds to block 940 and optionally
eBhedigigpisdisclapedherrsn sayobe tppigmenipd 3p slecBpriF dyagdvgage.gcomputer
T
badwarecindde fiaardiMaGogatl kistativeeronipontite, Moels, waidukes, ditvaits, and

drain of the N ate is upled to. a.P .pull-u

e fopp doci doshr bRl SRS RRRSS Gapdoms o Bt BogpbUTY o Ngger such
gakBoRfind i) %&E%beﬁmf BIrdWadd o Ssoftiwakd Epentds QPoRT 6T particular
hel per PMOS FETs that may be driven by the Vref val ue.

prodizegionTirgl destgngfonpiediple nmpespd carthp beceeysterputSkilled artisans may

receiver.,to operate over,.a .w der range.of \Vref values.,. .
IR nt RerBEHE ekt jnafing 8PS it icadh Shbef Ghtication
bitautpghslctiembten WiadlorishtoMdelot b@lnd@picted BWausSHER dgarture from
when it is near or at 0 volts., The pull down hel per

thepeonesafithe exemmbay icpbgdinsis efitbe iny@ntém: put | ogi c | evel

when : 1 Lgher t.han_i n ti I . .
e TGRS UL RE LA AP gt i
tormputtionewéth ey cinbadimeatscdipadded hefeioperyaid ingpleniaitedior performed
1Iwclialtége r an%e of Vref val ues_and oqver a w de ran

e of L
o8RRI EISPYTBOSROFFBY hBHEich Signab Ripcgesor a@&g),\ﬁ{bﬁpphcaﬂon
?g@gﬁi@ﬂnég?&% CikaR'ASICP S'ER I Pr fnﬂgl:bfe G %H%ﬁ&g@ﬂ or other

e used I n contrast to conventional teachin

pavgramgmaldy eloglc plaviat, eiscotnfgagurat itrengstof lpgiputdiscrete hardware

receivers, each optimzed faor a particular range of .
GREROERE: PF BRUanEpiaRoD v idsRie o b perfotay URORRgRons described
héteinn ey BéderhPulfbst pRRESbAREyY bBatmitRpRIERbLE, Dt ANle alternative, the
signal s may be represented using any of a variety of

piiok¢sspiemayt be gl eyivestiamlb preeshiyerggerfroliepr microcontroller, or state

machine. A processor may also be implemented as a combination of computing
devices, e¢.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in Random Access Memory (RAM), flash memory, Read Only Memory
(ROM), Electrically Programmable ROM (EPROM), Electrically Erasable



exanpl e, data, instructions, commands, information,
signals, bits, synbols, and chips that may be

wo edoensimeed t hr oughout the above description negT/D82008/064968
represented by voltages, currkhts, el ectronmagneti c
waves, magnetic fields or particles, optical fields or

| h 079] Th
il SN ERBRCRB e i o AR e bl gk & CD-ROM, or
hiy SBET RV tRFECALdRIPE v TOHELES A€ bi&ﬁﬂlﬁ?ﬁ stg medium is

al'gorithm steps described in connection wth
gnmkwmwght$nuwsmk@s@dﬂheﬂ@uHOﬁaynb@nwmpim&mmu@dnémnlandvnne

el.ectr.oni,c war e ut er SO

BT G RCTOBRT iR B b § ARG B stopygegmedium may be
intdgeaIctaaing eRbtdsidry Phe PAsEVRF @nanfe SRdgdamediuMAfiaQUgside in an
illustrative conponents, blocks, nodules, circuits,

éﬁéC st b@ésﬁ@@@yaé%ﬁe el isaaingb olethgyakiespaiivioy thiepreaspses and the
Sbra D REL QOB L ohecr HORLABE SN NI RRR Y 1 S
{€d"s ware or ware S upon the

[0082] part i buloat @pﬁidr@é’dxleﬂlplaaﬁcbn@lﬁﬁihrgéhtgoﬂ&t fulictibiss |dama1$>e@l may be

on the overall system Skllled artisans may jnp
trpRlcenied | Bede i EraTey HrRWEES y P @nmy@nblaatl%éhereof If

IEIlnglJI{IS@ En %ﬁlﬁg gnot CtlBH§ I’Iﬁg% Slt é], %H%Wﬁ%hérﬁf@ted Oover as onc or

C|S|ons S e interpreted as causing a
tepastn@idns @mcbtie os copenpficitivedabiemptiany @mypdereadale media
of the, i ventlon 080]..The, various il 1l us rat
W&Bﬁdé%\l” cgyuter F}BE%F Jdlaa?ﬂﬁi OppERIEIogde hldﬂl}% any medium

ﬂfa’ﬂ %ﬁhh@p tahdtr e c@ﬂB@t@f degt[aﬁn Fone bRS %Qm@% Sh&thE8RY A storage
be inmpl emented or perfornmed with a general purpose

predieenspbe aay Rivgilaa¢ nSidgntilat P@mbegsmsse(dljsp)i cogputer. By way of

Ilcatlon eci.fic Inte t ed cu
EPBIE A gios ARGl cup L SAP LR Captds HishislBRgpirortle RAM. ROM.
EEpgome@m ROM jrCotHaV bftecal dilskc ktotapcdaia@n@ic HIsRNGbBEOlor other
| ogi c, di screte hardwar e conponents, or an

DO HITREE dIVEGCRAT 2K @thﬁ arpdivgn that ey ba lisﬁé tq epiet Qroye desired
ﬁll%g?arrﬁ P& AGhEho 1195%?1{1 aﬁ : eﬁ%?t%ct%e%%?ﬁ ?1% cE‘BP‘Xe chce?sed by a

roprocessor, rnatrve
plba‘ aflgo cmvmhe@mal is pr‘d}xeﬁ§3€1medcm¢drﬁmitérafeadable rnedlurn For
n1cr ontroller, or state chi ne. processor Iy
Gl i ithepralinetie é%traésnatt@gﬁﬁnhwe@ﬁteofse%mﬁﬂ% remote source
%%%axﬁl able, aﬁ‘tfei) 'Egh@ %Eﬂ)l@ ntv&ggte@ %Pd %ﬁgl &ibscriber line (DSL) or
oprocessor, ralit ropr cessors, one or
Wli;neéssrrtecchmpiogleesmir & mﬁrawh Jruhct ishmiirowaee, B8R ther@axial cable,

Rl e SHUIE] o3 e dhu et Bite s Bmtlabiey Sy PP, ritio, and

ﬁﬁ@%@@h{@ Ehtesln@luQGJI o5 ek hsiBiich BRYndIeue bR &ihé e&tid herein,
in hardware, in a software nodul e executed b

y a
pncbi@l@s ewnpachdisp (CR).desehilivatdnsinalatise Hegitelwersatils dise (RAVE), floppy
R f<j an%ai blu-ray disc where disks usually reproduce data magnetically, while discs

reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media.

[0083] The previous description of the disclosed exemplary embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these exemplary embodiments will be readily apparent to those skilled in
the art, and the generic principles defined herein may be applied to other embodiments

without departing from the spirit or scope of the invention. Thus, the present invention is



may reside in Random Access Menory (RAM, flash
menory, Read Only Menory (ROM), Electrically
wdeagnsotaabl e ROM (EPROV), Electrically PCT/US2008/064968
Er asabl ePr ogr ammabl e ROM (EEPﬁCND, regi sters, hard
di sk, a renovable disk, a CO-ROM or any other form of

G TR AT el BB h B % consed e

M&@@s%%?é c SRR AGhiItRE SRS 1O d RE fe@t’ﬂlges"&ﬁéc'lc%ed herein.
information to, the storage nmedium In

alternative, the storage nedi um may be |ntegral to the
processor. The processor and the storage medi um nmay
reside in an ASIC. The ASIC may reside in a user
termnal. In the alternative, the processor and the
storage nedi um may reside as discrete conponents in a
user termnal. [0082] In one or nore exenplary

enbodi nents, the functions described may be

i mpl emented in hardware, software, firmwvare, or any
conbi nation thereof. If inplenented in software, the
functions may be stored on or transmtted over as one
or nore instructions or code on a conputer-readabl e
medi um Conput er -r eadabl e medi a i ncl udes both conputer
storage nedi a and conmuni cati on nedi a i ncl udi ng any
mediumthat facilitates transfer of a conputer program
fromone place to another. A storage nedia nmay be any
avai |l abl e nedi a that can be accessed by a conputer. By
way of exanple, and not limtation, such
conmput er -r eadabl e nedi a can conpri se RAM ROM EEPROV
CD- ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any

ot her nmediumthat can be used to carry or store
desired program code in the formof instructions or
data structures and that can be accessed by a
conmputer. Al so, any connection is properly ternmed a
conput er -readabl e nedium For exanple, if the software
is transmtted froma website, server, or other renote
source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or

W rel ess technol ogi es such as infrared, radio, and

m crowave, then the coaxial cable, fiber optic cable,
twi sted pair, DSL, or wireless technol ogi es such as
infrared, radio, and m crowave are included in the
definition of nmedium D sk and disc, as used herein,

i ncl udes conpact disc (CD), |aser disc, optical disc,
digital versatile disc (DVD), floppy disk and bl u-ray
di sc where disks usually reproduce data nmagnetically,
whil e di scs reproduce data optically with | asers.

Conbi nati ons of the above should al so be included
within the scope of conputer-readabl e nedia. [0083]
The previous description of the disclosed exenplary
enbodi nents is provided to



enabl e any person skilled in the art to nmake or use

the present invention. Various nodifications to these
we@z@spsepy enbodi ments will be readily appar entCt/0S2008/064968

those skilled in the art, andl%he generic principles

defined herein may be applied to other enbodi nents

j & ting fromthe spirit or scope of the
VVHAJ*%%Qﬁ#&Bﬂﬁ@i%US, the present invention isnot intended
to bejlim hedibOlet it -q850 MBI BcBRMNNR H& P h‘]%pa'ra?tus, the
to be accorded the wi dest scope consistent with the

pvparatupdomsprasir: novel features di scl osed herein. WHAT | S

CLAIMED I.S: 1. A variable range logic threshold

enabl 8PS NHUY recei ver apparatus, the apparatus

conpr j fdgi@ihréhbPofifiGdh€on EoupRdiif phRllesBahdiogic gate and

configuration coupled in parallel to the |logic gate '

eqrdigaeftp gecae & wrabledpsie thycshald wneandygingigutertbs lgicdevice for
llue fihqure.the logic device for the logic

ﬁ%#@%ﬁ%ﬂ t@g ﬁ%&*gﬁ% a hel per device configured to

recei ¥ @elpbedevévei cabfigurk o @ ectibe érhalidble adgdiethaestiold value and

configured tq provide a bias current path to the |ogic
s RUERASP iPRRTAS ¢ Bigs sustd ®2thudp thelpgisgals st Haen & Bay arent
' ' | ion. 2.

#ﬁg ngor%ﬁé}dg[to B%e %gﬁcéaal rff TE m%i?%éesc;lo@%?ggaﬁ%ﬁa | ogi c
t hreshol d detector configured to receive the logic
threspol d Vat agpadanas @f daibrde fartharddmbpiioingla 1&giashredhotdeddtector
path to the logic gate based on the variable |ogic
e ERFRS) ta recergehe pRicttheeshplg apbic@ad provednmdslitiogabhias gurrent
bil 14 88116 BERHDARE Saiftic RAMMRESRRAY VA NVOS FET

aving a %a e configured to recCeive the [ogic
threshold value; a PMOS pull up FET having a gate
commDB. t 0 Ahéligiaratanel daisovaerd Ul legdictiresholdUétager comprises:
supply source, and wherein the drain s coupled to a
dr ai ndNMQS PR viner gake copligusdsaresclys the logicdhashold value;
furth i Si ' '
recel ooy Bl B TETAR FEANR: AEE FE BB ghits coupled 0.
satage sumdy) yourndyiahd whitteowthefdrdah ascompledeat dirdin ofithie NMOS FET.
| ogi c device based on a state of the enable contro
signal. 5. _The apparatus of claim1l, wherein the | ogic
devi c& conpPf SPETHITNIEH Ml ke coBPriving 2B spair @ e cgonfigured
e IR AL o R A LGP BRI Ay gLt
cwmamb throughathPMIE: doucccmsed ot hetathdDBhd enablet centrobsiMrabf
NMOS source common to an NMOS source of the CMOS

iamé g :ntirg:]; d%%?P ﬁlvp%fa%gq(léf Qliqr,)ig]f[:ll_?\;vhhe?eviril I‘?I?e lggi% %tesicg (c)gr?l]lprelges taoCMOS inverter.
6. The apparatus of claim 5, wherein the logic threshold configuration comprises:
a Vref CMOS pair having a Vref PMOS source common to a PMOS source of

the CMOS inverter;
a Vref NMOS source common to an NMOS source of the CMOS inverter;
a PMOS pull up FET having a gate coupled to a common drain of the Vref

CMOS pair and coupled to pull up the common PMOS source connection; and
a CMOS pull down FET having a gate coupled to the common drain of the Vref

CMOS pair and coupled to pull down the common NMOS source connection.



CMCS pair and coupled to pull up the common PMOS

source connection; and a CMOS pull down FET having a
w@adoe/1s0upl ed to the common drain of the Vref BMOBS 1988/064968

and coupled to pull down the Fonmon NMOS source

connection. 7. The apparatus of claimb5, wherein the

hel pe dev e co IS havi n
gat e goupl N ?RPaf% ‘Pfcefg?lel {] @Eﬁﬂ% Iﬂ{\f{c%éﬁeﬂ é{e‘&ﬁ%lconqpﬂses a helper

PRI EET *ﬁgvﬁl {d coﬂﬁlea t& ﬂférIGQC SRRARE V4% Qfd @nfl E/tgéd to pull up
FET of pair. 8. The apparatus of claim

mhsngrﬂnmhquheﬁpéﬂﬂ@§dﬂﬁkoﬁ@nﬁ%ﬂ@§@am hel per NMOS FET
having a gate coupled to the logic threshold val ue and

confi gured ce cti.on of a NMOS

FET of thel Eﬁwﬁa&mof‘@amﬁ a“*g&a%%% cscWpGPRmegiscs a helper
N OS SETARNR! St R ipl Qb Ghd BERSARLIL1IEGHIGE LAY configured to pull
configured to receive the logrc threshold val ue an

gowv i deuragi ceraditianoefal NMQSFElof retCld&axSpain t he | ogi ¢

devi ce based on a value of the logic threshol d val ue.

10. The appar at us of wherei n the | agi | ce

compr Pses. AR RAAET, 1S, Fygh erfﬂ@paﬁlaaﬁé?g} e gl sctor

é&lﬁg%&irt@ et Rahé Q%ﬁ&th%é@ﬁ@lﬁ% AR @ PEd VI A ddMional bias current
onprises: a Vref NMOS FET having a gate configured to

p@h@rﬂelo$edbwg¢bmmﬁpagh@hm(ﬁdkﬂegwam@ﬂhéwvﬂgea source

common to a source of the NMOS inverter; a first PMOS

pul | FEI, wth a source coypled tao Vdd, and a drain

coupl Z@ q?%%?ﬁﬂaé%o 4t fhr/agic devicg campgiy an NMOS inverter.

PMOS pull up FET with a source coupled to Vdd, with a

drai nygconn . g

07 a1 NS L RAURLAHpH ), A Dt Aol cMEration compriss

PMOS pWMréf NICREHE hasviag g@'a& otonﬁgnhredi td @caivdthwi logiofthitéimld value,

Vref NMOS FET. 13. TheE%% ar #s gﬁ?élaln1ll wher ei n

PHENFEST SRS OPUNe™ 9t eaN Y6liphed to a

drai ny ¢t PREOSIMHP ub TFET W RE & s&ﬁce J&ﬁ‘ol&iptﬁa\f R 45 Rliratd &uPled to

11, wherein the second PMOS pull up FET has a gate

ti@uipzlle@fﬂm NMOSdimzménterof t he Vr ef NMOS FET. 15. The

SRS Byt R N AV S

EEMREHET coupRed té\a diih 6phahadf RMGOYFEThavi ng the
vari abl e range | ogic threshold enabl ed i nput receiver

apparatus of claim1.17. A variable range |ogic
t hr eshdl d @hammtumﬁﬂlalmeble wwh@rena‘gkpé"rrsttHMOStmél up FET has a

BRRAL AL USSR SRSV ref NMOS FET.

13. The apparatus of claim 11, wherein the first PMOS pull up FET has a
gate coupled to a drain of the NMOS inverter.

14. The apparatus of claim 11, wherein the second PMOS pull up FET has a
gate coupled to the drain of the Vref NMOS FET.

15. The apparatus of claim 11, wherein the second PMOS pull up FET has a
gate coupled to a drain of the NMOS inverter.

16.  An integrated circuit having the variable range logic threshold enabled

input receiver apparatus of claim 1.



a CMOS inverter; a Vref PMOS FET having a source

comon to a PMOS source of the CMOS inverter; a Vref
wORMDS15ET4 havi ng a drain common to a drain of pdEUY06$/064968

PMOS FET, a source common to & source of the Vref PMOS

FET and configured to receive a logic threshold val ue,

and a source co ntq an N ource .of the. CMOS
inven@r; éw@%m&%&c s ?‘Wéfe&l tECCEHGH PR ES, the

B PP RGe of the Vref CMOS pair to forma conmon
source connection and coupled to pull up the common
sour ce (M@ARaeoterton; a CMOS pull down FET having a gate

coupl ed, to .t n drain of the Vre ai r..an . )
coupl &9 HOR TR e Sulrinr e ST REMOS inverter
conneg tirMNIVOWIFET ReViRg b dREPSommbnaY idRgn 8f @@taef PMOS FET, a
configured to receive the logic threshold val ue and

gowgd eurtBen toct gaurde afghe Mecfd W EJoumdcentigimaé fegpive a logic
48 Ef?i% ARPAL AL U5 O co%rg&?’co% N84 s rlrceco()f‘IE% cAy %'Igf%fter;
enanl e | a ro

evice contigure O recelrve an en e con

si gnah PM@S polhlip GETEvIng as@ltecduplal ty aicohiniint sobitc@wfafe Vref
bias current through the CMOS i nverter based on a
SRR PRF ta PEM R LABIBOL R Geoionae¢§iea and soupladye nubliky the ggmmon

%ﬁn&ggﬁﬂkéﬁmffurther conprising a logic threshold
etector configured to receive the logic threshold

val uea &MIOP pollidden dik Talodiirtg 0get ciipdsd outhe enmbmpatltnit of the Vref

i nverter based on the | ogi reshol d val.ue.
68O it apbiil o gl doumana S RE G RS eREe sgEcton and
thr eshabidedeNeft T BAARY b 388 coffig MNP fEIvhaxif8c ehreshold
gate configured to receive the logic threshold val ue

wdlde andsounfigereddopiiiédp thy congnousmirceacorM3Siopul | up FET
having a gate common to a drain and a source coupl ed

to a Ita supply sour.ce nd wherei.n the drain is
coupl L8 1 o7 SRR SHE NAEREFOMET e BB P T
gﬁl\ﬂgﬂfé’ed"’b %&é[\%gance%ﬁﬂle entA sidal é&?llhcteoﬁﬁgul%ﬂ @@Lé{eéﬁlefy‘iﬁhigit flow

drain coupled to an output™ of inverter, and
of lpjas eurcomtihirewghttbe CMOY imicriciobastthen AMBS ¢EiTe cimable comtrol signal.

integrated.circuit havin ari abl e .range .l gqi

thr eohdi o SRsmRdE b o TR sBRR PR fRihald detcctor
28hfigdtad tA réRIRARe RigiCORIshald V@ add PeIvidddradddi@nk PBikE current

i nput receiver, the nethod conpr|3|ng:conf|gur|ng a

pabite thg 08, invwster baggeionghe logiccthtashed walug: devi ces to
receive a variable logic threshold val ue

20.  The apparatus of claim 19, wherein the logic threshold detector comprises:

an NMOS FET having a gate configured to receive the logic threshold value and
a source coupled to a ground;

a PMOS pull up FET having a gate common to a drain and a source coupled to a
voltage supply source, and wherein the drain is coupled to a drain of the NMOS FET;

a helper PMOS FET having a source coupled to the voltage supply source, a drain
coupled to an output of the CMOS inverter, and a gate coupled to the drain of the NMOS FET.

21.  An integrated circuit having the variable range logic threshold enabled

input receiver apparatus of claim 20.

22. A method of configuring a self biasing logic input receiver, the method

comprising:



and configure the |logic device for the |logic threshold
val ue; and configuring a hel per device to receive the

wo ao8aki7es | ogi ¢ threshol d val ue and confi gur edr¢DUS2008/064968
provi de a bias current path t¥ t he | ogi ¢ device
distinct froma bias current path provided to the
| ogic device b thg l.ogic threshold devices. 23. The
met ho&oncﬁgu&lp%?ﬁ?@?, “¥ltf-t her conprising configuring a

| ogi Ccc‘iﬁog%?/lh? hhidBt &RbRANdct Ref RAREN G & b@ria%b‘?e%fo ic threshold tValue

t hr eshol alfue and provide an additiona Ias curren
pat ¢onfigutcttbe loggi devaevior thebege threvhold wedilayendf t he | ogic

th hol al .. 24. Th th f clai 2 i
ot T B iR R gt G MR dne ek Bt §etle and

@@u&d@’t_@ pk@fide £bias ecBhIAQH t1Rf loglc@icMcd distiMreF$th B bias current
co

nfiguring |ogic threshold devices conprises
pahbrayidddrg the logistdeaivoby pld logkubreskald dayirss. i n paral | el
to the CMOS inverter. 26. The nethod of clai m 24,

cont |t | nonselS s ipa - Rehn R RE eR G lagic throshold
H&8cth0@ircdivi @8 NpicthyahyR vangd &apkd g 8daddidial biay!Burent path
source connection of a PMOS FET of the CMOS i nverter.

wrthe pogiadivaest kasederye vilogpEthehegie Hupdhokhedhied i nput

recei ver apparatus, the apparatus conprising: a CMOS

i nverger; ans .fqr .receiwing a variable | ogic . :
thr oshisl 4 Vi DR SBRRPub Mg RN thagesis deviggsompriscs
thEidueigh & AMOSShR@rval ue; and neans for receiving the

vari abl e Iogic t hreshol d val ue and providing a bias

curred?. pafhe msthod@f clems 2 nybere@rcogfigpiinglogicrtbiesizolbidagces
h i 1,09 :
FAsbh R Pl BE ML APERICS PSSP BE kTR E I RS inverte.

recervi
The apparatus of claim 27, further conprising neans

for regei vim@nfeh@dlo@giaﬁntzh,r@ﬁa@incboﬁﬁgwﬁg}v{%h_@fp@ﬁ/d’i@hd&cemprises
an additional bias current path to the inverter
prnfiuring ahrkey BMQSHFET haygng awhicespied todicdegic threshold value and

configured to pull up a source connection of a PMOS FET of the CMOS inverter.

27. A variable range logic threshold enabled input receiver apparatus, the
apparatus comprising:

a CMOS inverter;

means for receiving a variable logic threshold value and configuring the CMOS
inverter for the logic threshold value; and

means for receiving the variable logic threshold value and providing a bias
current path to the CMOS inverter distinct from a bias current path provided to the logic

gate by the means for receiving a variable logic threshold value.

28. The apparatus of claim 27, further comprising means for receiving the
logic threshold value and providing an additional bias current path to the CMOS

inverter based on the variable logic threshold value.



