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[ 0001] This application clains the benefit of U S. Provisional

Appl i cat i avo Nos/16044941, 228, filed May 31, 2007, entitl| edTARIUSTABRISE
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BACKGROUND

Field of the Invention

[0002] The invention relates to the field of integrated semiconductor circuits. More
particularly, the invention relates to the field of high speed input logic receivers such as
Complementary Metal Oxide Semiconductor (CMOS) input receivers or pscudo-

differential input receivers.

Description of Related Art

[0003] Generally, a conventional CMOS input receiver, such as those that do not
support an additional reference voltage, Vref, as shown in Figurel using thick devices
or using thin devices, works well below 200MHz for low power memory interface such
as those defined in External Bus Interface standards EBI1, EBIZ, 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 Vddg-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.



receiver inplenentations in support of a | ow power Double Data Rate
(DDR2) interface, a sinple solution is to configure multiple parallel
i nput receivers and to turn on only one receiver based on the Vref
val ue. Thi) 2¥pEBEh, however, is not dgsirable in terBETEP208Y®474nd
power. Additionally, the nultiple paralTel receiver inplenentation
suffers from perfornmance degradation that can be attributable to the
I ncreased i nput capacitance, CM and the increased input-path del ay
due to the added rmux. WO 2008/ 1507942PCT/ US2008/ 064968 BRI EF

DESCRI PTI ON OF THE DRAMPIWEIQ%OF THEDBAMINGY ed schematic

di agra an e gggﬁ] t
forergyﬁg{OOOG?E%g%?g%‘gggﬁghg?%%e n@g e%g%?%%ﬁﬁaﬁﬁanlopuﬁﬁPB?ﬁ
féfnelary egggginnﬂﬁTOMﬂwups$p§mﬁd\hé@rengLﬁL rsrglé?r mg;?ofupport

excerot W6k bod HERE is SRtk qsepap ARRER PPt Sttty RuBliodl of o

pSﬁudO di fl(‘jpge@aé tiﬂ?fefrd’nﬁﬁﬂbtv’eﬁferl\&hﬁ(mﬁﬂndgl ;gwea‘ 4 :cs a si ][rpl hf i ed
schemati c _di agram of an exenplary enbadi ment of a Vref a abl e
sel f bil¥aH pseub8UHi § et smplifpd ﬁ@@e}%ﬂmgf%e’éfww@waiﬁ%ﬁiw of a

sinplified %&%ﬁgﬁb@fselps{agéam%%y@ﬁr&eﬁaarI ng various exenplary
recei ver enbodi nents 0010 ure 6 is a sinplified schematic

di agr af®¥8] an exE}gp:eaﬂyls @rﬁmdl pﬁérﬁchma’t@ diagram of an exemplary embodiment of a

Vref adjustable self biased pseudo-differential receiver.

[0009] Figures Sa-5f are simplified diagrams of performance curves comparing various
exemplary receiver embodiments.

[0010] Figure 6 is a simplified schematic diagram of an exemplary embodiment of a
Vref adjustable self biased NMOS pseudo-differential receiver.

[0011] Figure 7 is a simplified schematic diagram of an exemplary embodiment of a
Vref adjustable self biased pseudo-differential receiver.

[0012] Figures 8a- 8f are simplified diagrams of performance curves comparing various
exemplary receiver embodiments.

[0013] Figure 9 is a simplified flowchart of an exemplary embodiment of a method of

self biasing pseudo-differential receiver.

DETAILED DESCRIPTION

[0014] The word “exemplary” is used herein fo mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily 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



Vref adjustable self biased NMOS pseudo-differential receiver.
[0011]Figure 7 is a sinplified schematic di agram of an exenpl ary
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[0018] The conventional CMOS receiver 100 includes a conventional complementary
FET pair configured as a CMOS inverter that includes a PMOS FET 112 stacked on an
NMOS FET 114. The source of the PMOS FET 112 is coupled to Vdd and the drain is
common with the drain of the NMOS FET 114, which operates as the output of the
CMOS inverter. The gate of the PMOS FET 112 is common with the gate of the
NMOS FET 114 and serves as the input to the CMOS receiver 100.
[0019] The source of the NMOS FET 114 can be coupled to Vss or optionally to the
drain connection of an NMOS enable FET 124. The source of the NMOS enable FET
124 is coupled to Vss and the gate receives an enable control signal. Similarly, a PMOS
enable FET 122 can be configured to pull up the output of the CMOS inverter when the
inverter 1s not enabled. The source of the PMOS ¢nable FET 122 is coupled to Vdd and
the drain is coupled to the output of the CMOS inverter. The gate of the PMOS enable
FET 122 is configured to receive the enable control signal.
[0020] The conventional CMOS receiver 100 of Figure 1 does 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.



practiced without these specific details. In sone instances, well
known structures and devices arc shown in block diagramformin order
to avoi d obscuring the novelty of the exenplary enbodi nents presented
herei n. [ OOLBP$L507%H desirable to have oal y one confi guPaT/ugWi&Heo468

wi de-frequency-range Vref- adjustable input receiver. The receiver
configuration can be nade to operate over a w de frequency range and
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pseudo- di f f &M @B paecei ver 200 enbodi nent of Figure 2 includes

[0025] 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 1s coupled to the common drain connection of the Vref CMOS pair.

[0026] 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.



provisions for accepting a Vref value. The exenpl ary
pseudo-di fferential receiver 200 enbodi nent of Figure 2 can be based
on the sane CMOS inverter described in the exenplary enbodi nent of
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[0028] Figure 3 is a sinplified schematic diagramof a Vref adjustable
sel f bi ased 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.
[0030] 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



pseudo-di fferential input receiver 300. The self biased
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control signal, such as an interface enable control signal. The gate
of the hel per NMOS FET 422 is configured to receive the Vref val ue
and thus operates to further regulate the current through the CMOS
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input termnation 430. The performance of the CMOS receiver 400 may
be adj base 1
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having an agti e Veeg ter nat| he .i.nput t CMS- .
receiver 403O tﬁﬁceﬁ:e t B rat 0 Oqlmem lﬁuﬁtﬂ fed m%egélcﬁ?gl IlV‘%ﬁrlth% s set fo
t er mi nati onQway %eau@éntmet &defi valed hesetctond ivolts, aﬁledna?s cur¥i in the exemplary
2008/ 150794PCT/ 064968 7 %003@“3 ures 5a-5f are sinplified

di agrans of SP&? B‘F (Fég“&% {pegb H’g‘ $arious receiver exenplary
enbodi negR7s. Fi OBf8redsh illukstigty &E%rr@iﬁﬁdlﬁF NoRMeStraMstel RSB GF ot Wifh
for the receiver exenplary enbodinments illTustrated in Figures 1-4
when Vref | &spest ta ¥ingyr Baeepiee cxaveplyy embedingats) withs ¥ref sef to 0ol Ascanttige
bi as curren Paodi y
i tod. [ oSSR i N ER b ETRRRIGT R Fifurd SHLEE ot oL e bl
transfer f upmtud@mfﬁa&'enﬂ@hrecwvmhm(bmqﬁary @nﬂzfmiurtem of ﬁ@uree@ @mfemns poorly
exenplary e #rre\;}fs a\{\/le o \{u,ef]r set to OV. As can be seen fromthe
vol tage transfe Rction® 8f E'§ure 5b, the conventional Vref enabled
pseudo-[0038f er ent Figurer RCitthstates I caepivith ycspohadl Virefulr tiof rebdigi egerdplary
per f or s poorl vvhen lihe Vref value is near zero. 00381F| ure Sc

PI1 ust r at 6s CHOAEMER? et RIgUEsS et t¥he Wie Sﬁ%trfotaﬁgmw% iy gpe-half the
exenpl ary em@dﬂanﬁ%lsthbiel éak%hb%?ﬁ&nbcfﬁuﬁkxﬁ%@%o&mﬁ aenvLef Al Sarsd sk,

approxi mately one-half the Vdd val ue for those exenplary enbodi nents
suppor ting @Mﬂ@ﬁmaﬂfdée halpeic BRTh ncecaen thetamouatief evremt dat stgadyhelpigdiias

FETs incr eag&i&ﬁﬁamq%ug{th%qﬁﬂu@%el% t steady state bias current

fl owi ng throug e I'nput~receiver 039] Figure 5d illustrates the
corresjo#sdi ng voFiegageSd llhmtt;:fttear tHemwteswndmfg vittege wmirtsfer fesppiet tof t\@uiwith

for the receiver r nent 5).vd

ool ver s BhEh S RAPER e SRR TRt lbaoth Bl NSl vag The

ga 5f utili ch:cﬁzet‘dcfdmﬁlﬁg iheﬂié%l%'ﬁlﬁg&tsp\?tfﬂgné{fcef:urw&lh QEEFIFﬂeFEagE{] ﬂtﬁmﬁbl‘adtﬂof
c correspond._t0_appr.oxj cause this ic thresho

represents Su¥st gﬁ § 89 yr Véluﬁﬁﬂiafﬂ%‘r ‘@ﬂi?%ﬁ?r{ﬁﬁ‘i’o Phapﬁfoxffﬂ%telydo oV.

exenpl ary emegdiseeni %g&e&fré%h@lﬁ reftbdettsagbQirtialt aas‘sanq% aeﬁﬂg&a@oiﬁ léﬁ% of
[ 0040] Fi gure 5e illustrates bias currents w respect to Vin

t he recei vethesgemplagr gniadipenthigfosms sqtha@ﬁoabeas e \F@t@qha&sgmq 4 V\/nen

et 00, P e gy By )4, 5 i

illustr at es enﬂbedlcmntse@ptrmdd ngFlguﬂes aglevhandvrsf Brsetftoigotaien thaobnwb@lf thei Vdd
value for those exemplary embodiments supporting a Vref value.

[0041] Figure 5f illustrates the corresponding voltage transfer function of Vout with
respect to Vin for the receiver exemplary embodiments with Vref=0.7V, corresponding
to approximately 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 pseudo-differential input receiver embodiments of Figures 2 and



respect to Vin for the receiver exenplary enbodi ments with
Vref---0.7V, corresponding to approxi mately 0.58vdd. This |evel of
Vref may be greater than is conventionally supported by a

convent i orYéd 200894 ecei ver, even one tphat accepts a VIPET/USH)98(064968
10042] As can be seen by the performance curves of Figures 5e and 5f,
the CMOS receiver exenplary enbodi nent of Figure 1, which does not

support a ? %E%Mﬁ;\ll;b‘:]‘? thelitrbasell UrENARIEHATL USH %ﬂd&éﬁvogﬁ? BRG] m{tﬁﬂ{ ify

threshold o tage trans er uhction. put exenplary
recei ver enbedbowekgs wdtc.FiTjur @805 thpol ntselvgr off Elcgk@ 4 ﬂl@Vmgl(ﬁhﬁ'eh@ECTI RMOS

the Vref valu wever, n be,seen the

forction oa bR YEres ¥ SRfl SR8 OpUhARE o Bisd BPR BB Bposis g
recei veodanbodi memd ’S?r@‘hmlﬁtcgfﬂﬂheﬁts Areaund lm\&@d to use with a pseudo-differential input
2008/ 150794 PCT/ US2008/ 0 496% 8 3 can su rt .the |n§r eased Vrfe .

val ue, but &SCNER DRLPRY BB qpPlicablF ﬂgP@ﬁh SFER Baiet iR $ ok SopEENratiogs- ¢

state. The MR 5npldt31ﬁlﬁﬁﬁed/@he@an£uﬁgfaﬁl ér B@\ékagpmﬂgeeda@idﬂﬁémw\fref
configuration enables the output voltage to pull nearer to zero volts

when the i npditstpide NiMfBS recpigeadl. The Vref inprovenents are not limted

to “?em hi‘ a psﬁuﬂg’t ﬁMdﬁﬂﬁEﬁ‘tdlﬁlIs c@x@%ué%fe&efhgq ic Econf | gtﬁaa of the first

applicable to ot i nput " receivers on ot tion
Figure 6 i sNMGE mRMTi 6led @mﬁgumdm relicamgrthenimgfut arnlt@eenﬁiimqar@nthfdhe fizsit

of a Vref a i ver .600..[004 I T 614 |
confi gur ed g’ﬁ@%%ﬁro%}%‘cs §%‘fp htg gais Of% gl]e M?tSWEﬁ%ioﬁme °
configured te dableiNEOShEET mRutis valpl@ige. V%hﬁ Souid; andfihd fec bi Hgt cliMOS

FET 614 is coupled tq t,he rain of an enahl e FET 624. The source
of the enable! (ﬁﬁ/fﬁ Troed 1530at! gg@@&fﬁ?%&e%“&cvg%hlg%b&ﬂ%}w -and the gate

of the |gp@pl e NMBR ki G264 figt NS PET @04 Tréibrés@ﬁ@ thé8o Tge of@hi & MeGhput

enabl e S|gnal 10045] The drain of the first 4 represents

the | ogic otrepiver §30orhhe Meain ppile ﬁr%é\@ii% EEé”(fd‘l 1srmipt9ﬂa¢ Hhegiraip pearf ¢nasle
NMOS FET 61151\/@? %E#‘Fézg%&t% Efafes 48 ;Bhl” gfﬂ\ﬁi‘&t&ﬂ M& fE T @%%a}:@@%ﬂ is,

operates to e ou put VO he | put recel
enabl ed. Thaotsama‘vleé Ofe scdueccant alim @aﬂww(FEIFEBZZZ usscooplmbtcebldd oviddts gate

while its gat e ret ei ves 'ri t| ve h| gh enabl e signal. [0046] The
confi gurati OF°GF° 8\9?&3&1 ghrf‘ﬂ'la I6si#8d to support the Vref input

i ncl udgoges econd ThVEEn{TRaration G f cevitésginipnasedato \dugforNOS/ IREInpuil e udatae
of the second NMOS FET 630 recréj ves the_ Vref signal, while t?iﬁsource

of the secoftFoRAVOMPETHRA3) sonfigmrrdnesd el WM FELe e gaffoof fiessecond
NMOS FET 61408 e Ed! @dokeSdivdshBe 8G% aNMtﬁfﬁe REeTscﬁi%.Q: JfSh€ QU4BhEIMOs Fig

gate connections of two separate pull-up F
630 is common with the source of the first NMOS FET 614. The drain of the second
NMOS FET 630 is coupled to the gate connections of two separate pull-up FETs.

[0047] A first PMOS pull up FET 632 has its source coupled to Vdd, a gate coupled to
the drain of the second NMOS FET 630, and a drain coupled to the drain of the first
NMOS FET 614. A second PMOS pull up FET 634 has its source coupled to Vdd, and
both its gate and drain connections coupled to the drain of the second NMOS FET 630.

[0048] The input receiver 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.



[0047] A first PMOS pull up PET 632 has its source coupled to Vdd, a
gate coupled to the drain of the second NMOS FET 630, and a drain
coupled to the drain of the first NMOS FET 614. A second PMOS pull up
PET 634 h&¥0 R40g/1¥3% ce coupl ed to Vdd, 3nd bot h its gaPeTARZosIPAPGS
connections coupled to the drain of the’second NMOS PET 630. [0048]
The i nput receiver 600 includes a hel per FET configuration including

two helgagy FETS, rRdecandfat pmierie! st ﬁlﬂsv ?t‘% @{ﬂdWO@%{ﬁ d3othg

i nput t[ece} ver to operate over a wd
i ncl udi ng Vh&fitsggateorontreldd Wy thoVrd vau@078§ gatcﬁ of tht sdvehp belp@VMBDEO PEETE4Z

Pocet ve 1 ot digeiofariit Vet ol bl o e FedRRe PRRS Rk isteoumlpd
is c?)n gect ee Vad, \ﬁv}e]fe thel ﬁamsauh@ &cfeﬁd tﬁdfl@efrfPiMes rljﬁlefl &mn?:) %&Egﬂé%&m oF
coupled to ain of the first hel per is
cougl ed to %{ﬁd"ragg %#Efﬁgorl ogi ¢ NMOS PET 614. IoV\AD

2008/ 1?&%@ﬁPCT/ 13R2008406E953 &a&%%ﬁéﬂhﬁqesﬁ%nﬂlaﬁ% R wIRMOR e dred tod

pulls up the Vref or second T 630 that has its gate controll
by the Vref suppptiet CNIRS lgarcezatst leﬁePMé@ohmmﬁ &1EJ egon PRADBHTEGPeBAEs fossupplyo

ted t
SO0 g T WS AL 108, SO O RICR TGRS
coupl ed to thecadfaplts.of the Vref NMOS FET 630. [0051] The hel per FETs
oper at much he me_ nmanner . a n conf red to rt.a
"ogt o S "rhe bt T B SRR SEiPRER AHRh O BE e BB SRR BT As
current to waef NESRbIOGIE batd COUBH ruRder 700NdTHd &ﬂﬁig\ﬂkh@bﬁ‘ dfhﬁc \mabHs
value is |l ow or near 0 volts. [Q052]Figure 7 is

schemati c dfSgv e WOrofdie Bk é iptialyr ‘@rFB‘bEﬁ“rﬁ@H‘ia“B‘? Oféth‘?/@ﬁeﬁd?%g*‘teéﬁﬁ iggure

sel f bi ased4OMER,&REehY %Eeuﬁ@ﬂilff&&ﬁla@(i’&felvgw% bP'Fl%%lfre Wﬂﬁol%@ ReCelevar
700 of Figure 7 is simlar he configuration o receiver

of Figure 4deteisoieV) ra’fltehéh%@s]éﬁrcﬁ)hdmfﬂé FET CP@@&HW@M B00 tb¢ CRgrgplare
7 _incl udes ?se\éﬁgfch e?éﬁ?lahgﬁén‘?&te%oi?lﬁgn{ﬁtﬂ‘ﬁf chhan just a hel per NMS

FET configuratron as in e exemplary p o-differential receiver
enbodi #€08] of Fi Yk pseddo-pIRESNTheppsecdesr didD fodrRegitre 4l is ibagadt o the ISR

T A RN R N S e
gat e connecFEUDfsiase 4 f@nthéy gaté ednnkdif@utas the inverter input.

[0054] A Vref CMOS pair is positioned substantially in parallel to the CMOS inverter.
The Vretf CMOS pair includes a PMOS Vref FET 212 stacked on an NMOS Vref FET
214, The PMOS Vref FET 212 and NMOS Vref FET 214 have common gate
connections, which are configured to receive the reference voltage, Vref.

[0055] The source connection of the PMOS Vref FET 212 is common with the source
of the PMOS FET 112 of the CMOS inverter. The common source connections are
coupled to the drain 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.

[6056] 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



[ 0054] A Vref CMOS pair is positioned substantially in parallel to the
CMOS inverter. The Vref CMOS pair includes a PMOS Vref FET 212
stacked on an NMOS Vref FET 214. The PMOS Vref FET 212 and NMOS Vref
FET 214 ha@2089m$9+ gat e connecti ons, V\@i ch are confi gREBYS008/9cdL68i ve
the reference voltage, Vref. [0055] The Source connection of the PMOS
Vref FET 212 is common with the source of the PMOS FET 112 of the

CMCS i nvert ( j r in
of o pul 1 ulCips EARERET 4 0L RS GuCOMMRGLS B Foof AKAYEHIE A LREGETAY
coupl ed to Vibeasounrei dfehd Hest helpe BNMOS ¢l B is ootphel todvdtiomhitr the drain of the
connecti ons_.of, the \r air. 056] The source connecti e
e vt o s e PGS ER T R duolet S B IS RS RS of g CpO8
the CMOS i nugidgike anf tiVief doams pMOS FET 224 has a drain connected to
t he common. source connections and has a urce connected to Vss or .
opt i ond¥%] t o t hEhIERS ASithe JreondvitPes ﬁ%ﬁ@ Fﬁﬁﬁﬁzawﬁ@ taé?@- oﬁeﬁ[ﬁ@ﬂ
pul' | down NMOReKEbnd 2415kSPRoPr R 7204 Repe@maR dhidh HOREREA1RRR of
the Vref CMOS pair. [0857] The pseudo- di fgerentl al receiver 700

i ncl udes a pledMOBlggiogathandrbe VRICIPETPaIr712 and 714. A first hel per

PMOS F 2 hasi t 0 V il e d

2008/ 1@%%&/ u&%é@%éﬁﬁe sgﬁ%ﬁ‘ﬁ’ef’%‘%r {HEMT%%gE?i { ‘?"3& gracked
coupl ed to eorfiggragibn fwithnart Ne1OE ehallle FET Bt eThopatd 40 theTNMOD IEGe743f is
the first hel per P PET 7 i.s coupled to Vi i r.ai n _of
the firet nevpEbrenEasees g 3eB8 Bhe it ohite SBnS FEECE bR o
connect i onsefdriilefMOSMOYicEalGaFET aad. the it GHBBIP8I dnablk FET8} 4R
source of the second he|l per PMOS PET 722 is coupled to Vdd. The_drain
of the secoRRnfigargdde rgspas tiseepabls signal, #ibilp thsporige chthe URSFralaFEd 744
connecti ons;Qf, 1@ CMS | ogic gate and the Vref CMOS pair. [0059] The

Vref |evel detector 740 includes an NMOS FET 742 in stacked
[0060] The drain of the NMOS FET 742 is coupled to a PMOS pull-up FET 746 having

its source coupled to Vdd. The gate of the PMOS pull-up FET 746 is coupled to the
drain of the NMOS FET 742. The drain of the NMOS FET 742 is also coupled to the
gate of the second helper PMOS FET 714,

[0061] The Vref-level detector 740 of the exemplary pseudo-differential receiver 700
embodiment of Figure 7 enables the CMOS receiver to work more efficiently over a
wide range of Vref values than the pseudo-differential receiver configuration of Figure
4, The Vref-level detector 740 maintains the effectiveness of the bias helper FETs over
the entire Vref range to enable the pseudo-differential receiver 700 of Figure 7 to
operate over a Vref range of substantially from Vss to 72% Vdd, which corresponds to
approximately 0-0.864 volts for a 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



configuration with an NMOS enabl e FET 744. The gate of the NMOS PET
742 is configured to receive the Vref value. The source of the NMOS
PET 742 is coupled to the drain of the NMOS enabl e PET 744. The gate
of the NMU® 2M&BI0&4PET 744 is configur to recei ve t hBCERAPY064968
signal, while the source of the NMOS enable PET 744 is coupled to
Vss. [0060] The drain of the NMOS PET 742 is coupled to a PMOS pul | -up

PET 746 havj} } : I ; T :
pul 1 - up PETCTR FEeRBtbAB AL, Frihe  dor IR AR ik ¥y 5 s s
drai n of t hperfdviB&:dREINZIALthesamé goindagpesehh and 8bhe gate of the second
hel per PET Z14. [0061].The. Vref-|evel tector 740.0f th -
oxenpt SUEs et iter & At ydleoieh s s Y BB Reft Vi FosbiFpoovip and
enabl es t hetheMdBagea@nsfer fnotiD bR Vot evitf fdsgdoend M'in Fue theaexinthiary dngle
of Vref val ues than the pseudo-differentjal receiver configuration of
Figure 4. THES VRGO B 8 eYTBH L7146 Rl PbaPR eiHiese R aetilo et e
the bias hebpepaflydAuRitaideneld hdrRriRk LRARISS FRuRPBPLE] &M ene value of
pseudo-di fferential receiver 700 of Figure 7 to operate over a Vref

range of sulsafansct tl dapproxrastelydsSM.o 72% Vdd, which corresponds to

appr ox 'I[r%fﬁgfl y 0-Q¢ 88y §E|el15 %Bglge][ %e‘?fogm%\ée Ydd vt # ure([i%},?ﬁg} ﬁ{-eg\%reﬁ-getgcqfngf

are si ied diagrans 0 rmance curves conp vari o
exenpl ary r €EdEDY ercemnboiiFigerntBis dblgiordsseBatratdh8bighl Vrabtevelt «f, 0.8V while

respectivel ﬁq’@'tthe bi as cutré\ll]ent Wi ih lrespect to Vin and the vol tage
transfer fulf@ENIBAY RGN CRIFELPEet to Vin for the exenplary input
recei vegosarbodi nEhSftfe dxe@ylaesinput rdceiter cabsdirheik @NFignet 3i4sand liguires 6-
OV. As can be seen from Figure 8a, the e,xe%a&y NMOS r ecei ver

enbodi ment ¢ 6At PhbidEzet 35 ad HpttIecH IR o Heni R ipigeRicd caauit oF mAdutny

condi tion. EGOEIMPIQULES affic@N B bt { flefrory BRBEEIdr iBdnlory lileftedS
current with respect to Vin and the voltage transfer function of Vout
Wi th respectireut aanrbefaonfigired ast@ripliapy reespist as deseribas hesgip gl pigeh tosengple
Figures 1, : r i imtely one- half

t he vdd vol tﬁ%‘a‘%}"n\?ﬁ? I(':%W}Ms%qgn %rogyr%ngﬁ%q%&gg%gga vdd of 1.2V. The
exenpl d9667] WO 20Bguk30i8 94RHH d8Z@0OSh 64068 xEhpBMOSnbatmenef a method 900

oottt o uliss R8RuNEh HSERcReY Bl MM R0REH LMAAA, o
example, when manufacturing or designing an integrated circuit having an input
receiver described herein or when configuring a module having the input receiver
described herein.

[0068] The method begins at block 910 where the designer configures a logic device.
Most commonly, the designer will configure a CMOS logic inverter , which is the
baseline for many logic devices. However, the methods and input receiver exemplary
embodiments are not limited to CMOS configurations, and a designer may configure,
for example, a NMOS inverter.

[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



[ 00641Fi gures 8e and 8f illustrate, respectively, the bias current
wWith respect to Vin and the voltage transfer function of Vout with
respect to Vin for the exenplary input receiver enbodi nents of

Fi gures 1,WQ208/15HHd 7 when Vref is set,io a val ue gre@CEUSRHB/AE1968
one-half the Vvdd voltage. In the performance curves of Figures 8e and
8f, the value of Vref is set to approximtely 0.8V. [0065] As can be

seen by the bil?%‘ief Elﬁﬁ?ﬁ&?&raﬁyéo‘ﬁﬁg% h o'fiti%uVFef%fM09:}gﬁékt'J{ﬂﬁ g\(ﬁ%ﬁ%\ﬁ/ﬁp@gt&o@ﬂ

CMCS receiver of Figure 7 1s e to closely t '

| evel of 0. &¥Tondrtes! theiamoantmifiggren thee Sews thdughdhy CEIGS logiv ehic.

[ 0066] of th ry Inpu iwer. enhodi nents .of Figures 3-4
and Fi gures 6- 7%}6%@?%%{63#?463 ebd{oaél%glg gl&%p‘lllj1 ?pgp%%e?onfﬁ%}lrean&e or more
i nterface oknabfe davicegr Ahechablerdeuicts mimitticiinput rEa@ivee kalpplaced é@ahinactive

address or data input to a neno nodyl e or mory integrated circuit
can be confi lﬁtﬁ‘r @a’egﬂ% 05&6%%?‘{ ¥té‘??ei J\l/%"r e%@]egg%"é? SHED A & ﬁoqffgulfﬁddt@r
to enable o b @bnsPME ok Whidart [t2B0QuOh ofi&fto idd £ 5818 Ggiy Bht@Sand
[ 0067] Fi gurgﬁgﬁ%s a si nplg?%i ed flowhart of anqgg(gjenpl ary erﬁ)oditﬁent

of a met hodn90Aowr toc aAfindieTmepta vabief whitagphgnablavos: ifesgh ey examilary
met hod 900 %ﬁ@o&l&e{?@rﬁl%ﬂm’ hérgﬂh a6l 0) n?1an%‘ﬁ@e rﬁ?%lugr?a%ieuﬁi ﬁ'ﬁ, A, enél,ble

designing an integrated circuit having an input receiver escrlebe
herei n or widevicesandyi igumplegeatedvalopesath asihgign adiere highwt actere ddw emable signal.

descri erein, [ 0063] The th egins..at. bl ock. 910 where, the
dest ondl Bt | qupte’ PBgE: BE Rt SR i b G R B ity g0
confi gure aafiMXmflcogk oné mvasriedelper ddviceh Asstoke ibarelxtmplafyosmbsaingents of

| ogi ¢ devices. However, .the nmethods and jnpyt receiver_ex ary
embodi ment s TRt 114 ﬁﬂgahﬁ CEARRSS Gt iﬂ@@ﬂs%ﬂ%@o%]ﬂ‘agg-gﬁopﬁﬁéwl
may confi guagend Hm@¥ AMDS hel@edMOS i nverter. [0069] The desi gner
proceeds to bl ock 920 and configured Vref |logic devices in order to

permt [9%Fbort f BrchaPYI&RS helpengass be peséfonedgulpiapsiplih &t paplsieo theygulrups
| evel may b ' r ' i [ V,

| ogi ¢ devi cghg(?é gg?/% %{gdafltr}\l%%%d@%%g? g%%y} %)Po‘ysalluteiaggé%l Jﬂgﬁte {oq;ull P
subst ant i al Ithe lopicpaitrailt.| Eaclt MO htlpegi endewvioseionddsubhientetlenplparajiel to an
enbodi nment , ef ir,i 0si ti d.s aptially in parallel

to the c:vosl\?‘ﬁ%{é#’%ﬂe‘r,Wﬁﬁf%?ﬁn‘ii%g‘}iﬁaé’g&r%ﬁgasu 1?%4%3% et iabd1) The i ef

| ogi ¢ dewisges al She dewigrnsd @rareqis|tb blgekRED, anduphiogsiyacoptifiresip VRMOGetEdok
t hat has itsa?%gg ontrolled b}; the como

Lot hee 1o, e gariiel ed by, ihe comon, dral p Conmeettien, of e

FET that hagmbb&iniat 8 Ei@hfer Blth€Wref detector can include an NMOS gate driven by the
Vref value. The drain of the NMOS gate is coupled to a PMOS pull-up FET. The drain
of the NMOS gate is also coupled to the gate of a helper PMOS FET that is distinct
from other helper PMOS FETs that may be driven by the Vref value,

[0076] The use of helper FETs enable the input receiver to operate over a wider range
of Vref values. A pull up helper 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 1s conventionally used.

[0677] 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.
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the Vref CMOS pair. The pull up and pull down FETs control the anount
of current that flows through the CMOS | ogic gate. [0072] The

desi gner pyoawed®7?o bl ock 924 and optkﬁ?ally conf i gur ESTAIE08PS4AEr e
enabl e devi ces. The enabl e devi ces per the input receiver to be

pl aced in an inactive high inpedance or term nated state. The enable

devi | A R0
eVi Cegofemp a SOTR&e OPREIIGH !’tl?éar]i Qroﬁfﬂ@ﬁéﬁfﬁs@m&(ﬁ%tuﬁgﬁnéngﬂgﬁ% %%E%IFggd bteo

its output in order to provi a sta 0ogi ¢ out put an

an i ndet er nrapadsentoch [ugisg whngnofh et vaginarbbe diffosént Hoehghlogise @l etaplingqugs.  For
enbodi ment s e)icalrrla "fStcfa?t %g;t hetgo%i' Ne inﬁgzlm rref?ltf A4S Ctsg Ylgl'h%i%? ‘enngl‘ €ind chips
signal, the enabre ‘devides nﬁy el 1eﬁ%ﬁ?e&ht6;oﬁé ar &'l ?ﬁg gn P
active highttar rast by ecleancahaibegougial abdv@0dStrighichemae df rapussentgd thye

enabl e devices, if any, the designer proceeds bl ock. 930 an
confi gures SAErees SHEFES, CB@?’&‘%JEgF a’vgggs, ﬂhﬂg%%\ﬁ‘??‘isri”'tpﬁ’é‘c e?%ﬂcérfiﬁ‘ds or

enbodi ment s p@kiclies, @ bBScodninaA0A tifrehbf. t he hel per devices can include
one or nore PMOS hel pers as well as one or nore NMOS hel pers.

[ 0074] £} PMOS Reespedl slalh weuld duithar cppirciitr shah ribs aprnigus) Hluptztiap| legicelo
the pull up % : d:.b . \Ir ef:

val ue and cgﬁkggéggggmﬁgq%ﬁﬁ¥‘§§ ?ﬁg“?%gﬁgﬁgﬂ%%ﬁﬁkgEgcﬁmkﬁgﬁthﬁ%epm
can be posi tinbodithestalsisichned bérky ay parmplemknted aapleNMDB paurtivardovem st

and can have ate coupled to Vref val,ue 00751The desi =34
roceeds to dfulR GabRaRb fundiny Eo st e Rl M R o
can al so optaadivercasidaohivag, eaHduenllusaniid fonglonciAS Hiddkkishodil@d cirduitshehd
exenpl ary enbodj ment of Figyre 7, the Vref detector can jnclude an
NVOS gat e dPFReRrvBPeeHess: aﬁ%‘m@erﬁ%m&?aﬁwf&mﬁectmeﬁvgé&’@fff% such
coupl ed to a,RNRIBHE] iPefBlted T8 Ehatlivitir® oRfsottiBreNMpen@Atiford shedhaiBcular
coupled to the gate of a helper PMOS FET that is distinct from other

hel per PMOSapEiFstiahgnd degign sensipintseimpegeds anethy/pegral systpan. Plgbiqbartipiss ey

of hel per F ' recej; : ver. i .
ange. of i cRPgAPTan dhieByd RbdrERE Harpide BRGY B Rach Blri i Bffcason
fl ow i n t hebhiogcl injguheeatihalecisioes 3hoefd noabeimtirpretedws cawinl aalspavhen fipin
is near or at 0 VO%%?'QTheaggll@%ﬁ“ﬂnheéﬁeﬁnfﬁis assist in pulling
down t he | owWSSGPRsY BOEFEPEE EPOYERE PP % ue is hi gher than is
conventjoaseql | y uﬁﬁd.x{afieﬂam]uﬁfmare?tdgscaambcmt hedsled, Oalfndi aipdnﬁtaed&q&rnf@daﬁn
i nput receiver that s ca e of qperating.over a |large range o
Vref val ues “aHEC R a‘ﬂngﬁaas glrscif)feédt? ey heslm@émegéa prePRERSd.
The w de raRg® &gBlerANARIRE PrédRitor,r £ERLMEISIRRN PhdcBssBr THOBY, @nl Afpication
receiver to be used in contrast to conventional teachings of haV|ng
er

several par &pfefic bueerateiCaeriblsSIo, 4 PigldPregemmpblesCate Aciay PR G oeet
for a parti %wg@z(mﬁlgtﬁgelogi% Xé‘ﬁée, amgcrgtgegéf@ NGY 12hsiQBe rh?éic':,oai'screte hardware

components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontrolier, or stafe
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.

{0081} 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
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woul d understand that information and signals nay be represented
using any of a variety of different technol ogi es and techni ques. For
exanpl e, &&® 200841593 ucti ons, commands, j.nformation, si §AEIUS2008PGi863
synbol s, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic
waves, Magnelieanlh &IORORK (RRFRONY, ¢SuistOR I Habdllisk, 6L ASv Ml RAL, LICD-ROMY,
any conbi natl}gn trhereoP. &0C79 Thoigels g?_ S&E(i?{hls woul dvfuert%{er . .r
appr eci at e tiacthehforn af stotage imddien karwiva thegitc din dlcoplesy stapde medium is
circuits, and _algorithmsteps il b i.0..C t.] W e, .
enbodi nent sc%ﬁpseéjl d ié%pwggbé?rg‘t’uﬁg? dbéﬂﬁl Eﬁr’g?éé%érﬁg gg&gslhg)?%%ﬁoﬁlgf rré]% and write
har dwar e, caifpaagion SQf thudtoesge ahedianbi Inatt ahamaivehdiehstordge aledamn ynay be
illustrate this interchangeabi|ity of har re and software, vari.ous
11 Ust r at | v S BranEEce b Ree RIRUSIOnd At SOrES M SvapEHa/S o
been descri hggcalppy_asHenay alsldé i Budc@ tdfmil. mhRd dltebrfics, itenmbidsyor and the
Whet her such functionality is inplenmented as hardware or software
depends upoptotage Msdie way esidappiiseaicicompantaisde aeH B r ai nt s

! WOS?EG@; t he F’Hﬁrof}é | orS¥iStee Benifhrl,| GbREhERENG e "Ri¥ctdiR! REBHedt A8y be
descri be unctionality In varying ways for each particul ar

appl i cat i onjmplatested hini hptementsafrvan, dooivsrone shp wothbirgtiopethereof.  1If

|t erpr et od, 20 GRS N0 IRPHMLS L LB IS SEORL O IR ISIPLALY. o

enbodi nent s i nvent 1 on. vari ous i strati ve
bl ocks, nodulees insatdions be vbdeSorde sempinerchdabbompéiom. Qomputchrdatigble media

enbodi ment s _di scl osed herein may be inpl enent.ed. or perfaorned with a
general pur FELESH PR CamBST sorerdmpdi 2 CTRUBrUiOB SRl [pEHpE e meditm
Appl i cati onyppegdifthes biis&a Ataeebniputet YrdgrdrdSom ond@plebelotarBiRer aNsRRAR
Gate Array (FPGA) or other progranmmabl e | ogic device, discrete gate
or transi st &redizogre be @ evaivbleapdindtat cebRp dawnied, biot camputelonBy i o
t her eof - designfle!AaRsf iaftMdn Such BT hRNFHRRC B Lal e ihike KA GCRENA
purpose processor nay be a m croprocessor, but in the alternative,

t he process&EPROMHEDARYM: onweist iophiedl Pslocesagor magmticr &bl etorage or other
m crocontrol ler,.or state. hi ne c y 0 .

i npl enent ed MRENIC SN encgai:‘tv fcgwg%f)!fmyc%irlr%ﬁ%dﬁugrﬁ%%\g{sa@er@ 1us§i_ %.c,a Hgor store desired
conbi nat i on pefgrén BSR gkt BrbEmspicictssalata ruplutts ahd thyt o be accessed by a
M Ccr opr ocessors, ong or nore m.croproce%sors i n_conjunctian vm'dth ar
DSP core, oFORAYChLAEP WRRSHER FaRS _rfemtfé_(?acﬂ’“ﬂﬁ‘tﬂ'§?3élﬁ © gyedyim.  For
net hod or alggahplt imnutesmivabes thhsaRRATRN @ Rvdbbitd) séher, 6P BOEE MRS source
di scl osed herein may be enbodied directly in hardware, in a software

modul e exec usiag apaxiabeabie et optis cable, Hvistsiriatictd subsciher ingo(DSA), or
T . Lde - : , -
sof tware I ggﬁsgﬁ%gf#g%gﬁdgﬁ a{é’%nEfia@a,%&%SﬁnMﬁ@wa&, M ethé L3I cable,

menory, Rea ‘ ectrical 'y Progranmabl _
(EPROV), El diter optizichle Bragaiyias, DBD 0087145 07budadituszhesinferdogdipgand

Pr ogr anmabl e .ROM ( EEP eqgj, st er.s... har.d_dj.sk, ~a,.re abl e disk,. ..
Co RO or MG oNE R Bt et TS SRR ne R R AR S Rl
exenpl ary stifghade comphay tist SCI0Y Wpbedisd, optidabdipe, digaberrsasilecdisdt (DAIDY, Aeppy
processor can . read information from and wite information to,. the,
5t or age. mediih DY S1CeV IS S UEHLYSEBPAYS PRI FHE pevhile discs

integral to thedREAGRBSPAEIY WIth RERE CORBinaBOR: IR &0k AARIIRE B nbRYed
reside in an ASIC. The ASICY, may reside in a user termnal. In the

al t er nat i ve, Withiiethg serpe 9§ eompier-eibleragdtge nedi um may reside as
di scret nponery,s Lkl e F AR 4iscl 20821 d : : ;
0 eRS prdlidhs Wekiph&l B 8R! disc % 1) enfBbdiths is provided to
exenpl a[fﬁyé‘sgnbodl nment's, u{%ﬁe %lﬁét&li ons (féscrig ed nﬂ%ﬂi/}pbe P _
enable any person skilled in the art to make or use the present imvention. 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



i npl emented in hardware, software, firmmvare, 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

conput er - MVRMHIWTHedi um Cowputer-reaq bl e nmedi a i ncl BEEYSHER 4968
conmput er storage nmedi a and conmmuni cati on nedia including any nmedi um
that facilitates transfer of a conputer programfromone place to
anot her. A ﬁ&t%@g&d%déeahﬁ{ﬁéfd %t@%@ﬁﬁ?&n@é@ﬁﬁ%@ pats S 'Qz%orde% the
accessed by a conputer. By way of exanple not ?lnltatlon suc
conput er - r ewitkb seomsxstnastcramduhppnmplmd nRON| feERPRENM oCDIROM. or

ot her optical disk storage, magnetic disk storage or other magnetic
st orage devices, or any other nediumthat can be used to carry or
store desired programcode in the formof instructions or data
structures and that can be accessed by a conputer. Al so, any
connection is properly ternmed a conputer-readabl e nedium For

exanple, if the software is transmtted froma website, server, or

ot her renote source using a coaxial cable, fiber optic cable, tw sted
pair, digital subscriber line (DSL), or wireless technol ogi es such as
infrared, radio, and m crowave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technol ogi es such as infrared,
radi o, and m crowave are included in the definition of medium D sk
and disc, as used herein, includes conpact disc (CD), |aser disc,
optical disc, digital versatile disc (DVD), floppy disk and bl u-ray
di sc where disks usually reproduce data nagnetically, while discs
reproduce data optically with |lasers. Conbinations of the above
shoul d 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 enable any person skilled in the art to nake or use
the present invention. Various nodifications to these exenplary
enbodi ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other

enbodi nents without departing fromthe spirit or scope of the
invention. Thus, the present inventionis WO

2008/ 150794PCT/ US2008/ 064968 15 not intended to be limted to the
enbodi nents shown herein but is to be accorded the w dest scope
consistent with the principles and novel features disclosed herein.
16 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: |.A variable
range | ogic threshold enabl ed i nput receiver apparatus, the apparatus
including: a |ogic device; a logic threshold configuration
coupled in parallel to the logic device and configured to receive a
vari abl e |l ogic threshold val ue and configure the |ogic device for the
| ogic threshol d val ue; and a hel per device configured to
receive the variable logic threshold value and configured to provide
a bias current path to the logic device distinct froma bias current
path provided to the logic device by the logic threshold
configuration. 2. The apparatus of claiml, further including a

| ogic threshold detector configurid to receive the logic threshold
val ue and provide an additional bias current path to the |ogic device
based on the variable | ogic threshold val ue.



3. The apparatus of claim2, wherein the |logic threshold detector

i ncl udes: an NMOS FET having a gate configured to receive the logic

t hreshol d val ue; a PMOS pull up FET having a gate conmon to a
drain and a source coupled to:a volt#&ge supply source, and wherein
the drain is coupled to a drain of the NMOS FEE. 4. The apparatus of

cnabl o o0k LA ARG AR BRI bB y ni i £ T 1 ow ot

bias current through the |ogic device based on a state of the enable

contr ol ' g n? \?arla ¢ ran% %g@:méﬁcﬁ& élluﬁbl&!flulp%l @éemgappa\‘mﬁ rtﬁé arﬂpatrm nlcgigi’ng‘

devi ce |ncIu es inverter he apparatus of claimb, Wwherein
the logic thﬁé%ﬁﬁkﬂ“ﬁonflguratlon i ncludes: a Vref CMOS pair having a

Vref PMOS sourgfi tﬁx@gmeeontfgu;alo%@ae{swér@]el @ihenég@ deMGnd dvfufRlc a Vr ef
NMOS sour ce co

VDR pol oo S EpOR a1 v ST he SR CEDR R Rebp e v vr of

CMOS palmmand coupled to pull up the comon PMOS source connecti on;

S‘Pgl n of the ;vl aﬁf& fg,urlg g I;]e ;I;venﬁlev\ian%le% (fgcatﬁ ?s'hglg Vzﬂ ?%éogﬁ% g 1 ﬁommn

source cpnaridea bias mm'refﬁt pafﬁfmethalppadaatca@stmﬂ ﬁmrlalbm Guront psh prafidaddd the bogie

hel per dguieg ghpghiygl,?egho% DRlaRBionPMOS FET having a gate coupled to the
| ogi c threshon val ue and configured to pull up a source connection

of a PMOS 17 PET of the CMOS pair. S.The apparatus of claim5, 6 or
7, wherein t heheaglapes ofdain & éuriherdhcliding a gib elravield ddvtds chifibuladwirdtgivathgat e

ggﬂflc ch Lo ﬁgﬂg ch&rzg;\'lu a&%&}:‘%ﬁm&# P@ﬁ%ﬂ%@mﬂ ﬁé’fogg ddvRe QEHJ:dI OR%V\“ a

variable logic threshold value.

3. The apparatus of claim 2, wherein the {ogic threshold detecter includes:
an NMOS FET having a gate configured to receive the logic threshold value;
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.

4. The apparatus of claim 1, further including an enable device configured to receive an enable
control signal and configured fo selectively inhibit flow of bias current through the logic device based

on a state of the enable control signal.

s. The apparatus of claim 1, wherein the logic device includes 2a CMOS inverter.
6. The apparatus of claim 5, wherein the logic threshold configuration includes:

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.

7. The apparatus of claim 5 or 6, wherein the helper device includes a helper PMOS FET having

a gate coupled to the logic threshold value and configured to pull up a source connection of a PMOS



9. The apparatus of claimb5, further including a logic threshold
detector configured to receive the logic threshold value and provide
an additional bias current path to the |ogic device baSed on a val ue
of the logic threshold value. 10. Thé apparatus of claiml, wherein
the | ogic device includes an NMOS inverter. li.The apparatus of claim

101 wher c threshold conflguratlon |ncludes a
Vr ef NNCE#E%%’E%hgﬂﬁ "a gate configured to receive the logic threshold
val ue, and having a source common to a source of the NMOS inverter;

a first PMOS p éépamsﬁﬂm ; R whQkh 91@h&&vmvesimtzgdeymapemogpﬂf ain

coupled to the drain of NMOS | nvert er; a second PMOS pul
up PET whavinea eainenueled te i fsisdhreshpldepbpe aug corfizyred o nihdpg A seetsictieiory| ed
to a drakrmMefs delrer Me efidb yhiOS PET. 12. The apparatus of claim 31,
wherein the first PMOS pull up PET has a gate coupled to a drain of
the Vref NMOS PET. 13. The apparatus of claimll, wherein the first
PMOS pul b. up Filpaas:s of dpint & fitherjhabding o lagic threshald dsfectotvenfigvestoirpins her .
14. The ?@Q%r@s%?@ vidle aﬁd ;%\me 1l acandogs ﬁhsr&uﬁ'éﬁ?paﬁﬁg Q! 1@&@@9. Batkd onRalET

has a gate cou he drain of the Vref 15. The
apparatu§f%?“§FQFﬁPETm“&hereln t he second PNCS puII up PET has a gate
doupled to a drain of the NMOS inverter. 16. An integrated circuit

havi ng t varj able ra ogi C. thresh bIe put. . leceiver
appar at uzaof B\ PPRSFEES § ?cgaé'f'i “g?ﬁre\" ths logis J‘)"‘icf ch ?/saar“?%{) e range | ogic

threshol d enabl ed input receiver apparatus, the apparatus including:
a CMX | nyer t @!qe;appal‘aﬁls 3 cyzfirﬁfl O,Mn B\Q'IJgic tﬂr&ﬁéi&l%ﬁﬁjration includes:

a Vref NMOS FET having a gate configured to receive the logic threshold value, and having a
source common to a source of the NMOS inverter;

a first PMOS pull up FET with a source coupled to Vdd, and a drain coupled to the drain of
the NMOS inverter;

a second PMOS pull up FET with a source coupled to Vdd, with a drain connection coupled to
a drain of the Vref NMOS FET.

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

13. The apparatus of claim |1, 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 any one of claims 1 to 15,

17. A variable range logic threshold enabled input receiver apparatus, the apparatus including:
a CMOS inverter,;



a Vref PMOS PET having a source conmon to a PMOS source of the CMOS
inverter; a Vref NMOS PET having a drain comon to a drain of the
Vref PMOS PET, a source conmopn to a source of a NMOS source of the
CMOS inverter and configured to receil¥e a | ogic threshold val ue;

a PMOS pull up FET having a gate coupled to a common source of the

Vref CMOS pai gmgon sour ce connection and coupled to pull
up the Vref &&Pam@é{{%ﬂnﬁ a NMOS pull down FET having a gate

coupled to the coﬁﬁiﬁﬁ PM:O&FﬁTb#vmﬁéoumeéwmr@m PP soarseloftlmppi@integerpul |
ﬂown t he CO{man N?J@&fwad ?@T@:@ﬂﬁhﬁ%ﬂuﬁdﬁmm@ﬁ‘ﬁ_adrannofth@ﬁﬁ?ﬁ?ﬂ@g lFEiV@S S’ET
aV|ngagaecon| ure O rec e resno al ue an
o L2320 ool fomilih rtaties pEE MOS8 oL BRiod Phster g fonk et To

appar at us of etediemiokié thréstisld ¥ake; | ncl udi ng an enabl e devi ce confi gured

to receive an, Gaabl ug%frm\ng?hgmhﬂ@ﬁg SR HHEL e O BEEL b3 Y

inhibit flow 0 urrent rou
state of fqrmec@wamseurmwﬁmmdgmle to pybup thh ¥repPiaP aaitis of cl ai m 17 or

18, further 'QﬂM@d'pﬁ]%o%n'FQﬁh@mFE‘@ﬁes&%léﬁ tsiﬁsmdﬁ%fmlweedmbgpan

receive the logic threshol ue and provi de an additioral bias
current ﬁ“a“(‘ﬁ“ﬁ‘ﬁ' 19 Pl deyge FW’@FP’B‘OSlﬁ&‘E‘é’&"Wﬁ“‘Pﬁé“q ogi ¢ threshol d val ue.
20. The appar atelysr POSFEI m;ﬂ@a gam&:fﬂgum to il 16git tire@slaohick wet ect or

i ncl udes ng a..gdate configured to receive the
| ogi c thrc'jeng'ﬁ“rfdtOP‘gluLfe %"Sg%rﬁercé’e ecogpl ed to a ground; a PMOS

pul | up PET having a gate common to a drain and a source coupled to a

}'ﬁ' tﬁi?/%s Sgpp! Yhé@&?ﬂ%ﬁof@dﬁﬁll’ﬂ\'iﬁﬁﬂh@u{llumﬂéaiﬁeh@did’ﬂeh& SRt HRN8M ricBvAandialen Of
e

urce,c ed to the
Vot hos SHTBl ST BT B TR LAY PR fen Brasae SR HBS B’ par
and a gatbesedgugskaghf the erable cabrralisignabf t he NMOS PET. 21. An integrated
circuit having the variable range |ogic threshold enabl ed input
receiver apparat us of any one of clainms 17 to 20, 22. A nethod of
confi gurilftg aTgeé‘Pl?a’aﬁisag‘i‘%‘@‘T?J'd?c’“ﬁ“ﬁﬁa‘i}t’“dt‘"éée'ﬂgiFé‘?""'Sh?lﬁ@t%'ét‘WB‘EB“TE" to
i ncl udi ngeceie@mi Iogblfhl‘e@ig)lda.ralué)gid(brcdﬂ&ltrfaedltlonal bias cif@Mfphig Wihd @GOG bekter
t hr eshol q:;a es (?] eive a variable logic threshold val ue and

PhY lﬁ 6%«:{ dva

configure 8% or the | ogi ¢ threshol d val ue; and

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

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 voitage supply source, a drain coupled to
pull up the Vref CMOS pair, 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 any one of claims {7 to 20.

22. A method of configuring a self biasing logic input receiver, the method including:
configuring a logic device;
configuring logic threshold devices to receive a variable logic threshold value and configure
the logic device for the logic threshold value; and
configuring a helper device to receive the variable logic threshold value and configured to

provide a bias current path to the logic device distinct from a bias current path provided to the logic



configuring a hel per device to receive the variable |logic threshold
val ue and configured to provide a bias current path to the logic
device distinct froma bias current Eﬁth provided to the logic 19
device by the logic threshold device 23. The nmethod of claim 22,
further including configuring a logic threshold detector to receive

t he Iogl&wgg&gﬁygbgmﬁﬁkugmggg provi de an additional bias current path
to the | ogic device based on a value of the |ogic threshold val ue.

24. The nmethod of claim 22, wherein configuring the |ogic device

i ncl udesagonfing Hlétlub’lgafala: @BSuittyiaibdets. confidiring & gicnietshaididetktocth steeivelt,
wherei n conf,i ic.thr devi a
Vref - onoep ATl e ik of RN gr U P e R R ED R I S
The net hofdhedbgichashid24ive. wher ei n confi guri ng the hel per device

i ncludes configuring a hel per PMOS FET having a gate coupled to the

| ogi ¢ threshol d val ue and conflgured to pull g a . sourc conqﬁﬁ5gon
of 'a PNOB: EETTHSmeipiotclin? Kires opieuing heAoae ey By Peodp sy IR RN

t hr eshol ¢ivenrabl ed i nput recei ver apparatus, the apparatus including:
a CMOS inverter; means for receiving a variable logic threshold
val ue and conflgurlng the CMOS inverter for the logic threshold

val ue; aml  The metiedwfsiapl4, wiaai sopfigyriedienisthreshaldideviqenigpiudes spnEsyres o

val ue an 4.he CMOS inverter distinct
froma bﬁg@t@ﬁgg%ﬁgmgg@ﬂﬁg?%@%ﬁ@g&%gﬁPbgngcs inverter by the neans
for receiving a variable logic threshold value. 28. The apparatus of
cl ai m 27 26f ur fiRGsetioN 6t ctbchh 1y whRanSonfigufing tB@l&ipMIi dagicd ihudeaghfgutitgradsipal d

I ' dd
R R A R e
apparatuswmu@@hahﬂ$@93SETaémh@M@EmWéescr|bed with reference to any one

of the enbodi nents iIIustrated in the acconpanying dramﬁngs 30. A
met hod substantially as herein describ with reference t auynone of

the enbod’mentts a"qblﬁu@ﬂ"r '3%‘%@“’?‘}?‘%%@1“38‘8'8 rﬁ?‘éfﬁ"s? ARPa g\ﬁnaﬂ’@?tus n
a CMOS inverder;

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

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

receiving a variable logic threshold value.

28. The apparatus of claim 27, further including 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.

29, An apparatus substantially as herein described with reference to any one of the embodiments

iltustrated in the accompanying drawings.

30. A method substantially as herein described with reference to any one of the embodiments

illustrated in the accompanying drawings.



