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(57) Abstract: A clock-receiving system may receive a host clock signal on a communications bus from a clock-sending system. Cir-
cuitry of a critical path of the clock-receiving system may communicate the clock signal to a multiplexer configured directly behind
output driver circuitry. Core logic circuitry and data path circuitry may communicate pairs of phase-shifted data signals to the multi -
plexer. The multiplexer may use the clock signal and the pairs of phase-shifted data signals to generate an output pair of data signals,
and send the output pair of data signals to the output driver circuitry. In turn, the output driver circuitry may generate an output data
signal for communication on the communicator bus. The clock-receiving system may enable the critical path and use the multiplexer
to generate the output data signal when in a low operating voltage mode.
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LGP DELAY QFTIMIZATION FOR Mi“i JTEVOLTAGE
SELF-8YNCHRONOGUS 8YS N

BACKGROUND

j8oaE} T selfavnchromous systems, thene mey be o crtfical boung delay, velerred b an

clock-to-dinis loop delay {or simply Toop delay), for example from the tinie & olock signel is

famached frov & heest 1o o dovios o the Ume that dota reguested by th host may e made
available by the device. Whon the host hay roguested data from e dovies, the host sy

Faunch the clonk stinal and thew expect the reguested data within o cerfain finang windims

The clock sipmal pay avel sat s elock line 1o the device, the device may then process the
veguested datat based oo the clock sional, aud Soally the device rosy make the roguested data

avatlable o the host by sending the regeested dats on g dats Bine baek tothe host ehe data

iy made available within the touing windwe, then the read operation may be performsd

Fevent andfor Gat the devies 15 anable 1o send the reguested data

ok (o e ot

(023 The iming window may be messorsd in forms of ot Sdervals (UL Far lower
sporting Fogoencies {e.g., arouwnsd 1 Mogaberte (M2, the timing window may be e

osa

wisit fterval (TH g Guretion. For highsr aperation frequencies {e.g., 208 MHzj, the timing

window mry be two undt intervals (U o duration, For 2L thesing winsdow confliguastons,

the bt miny proforns s huning sequense w Fihe L nmng wingesy (o deivemine By

N

avaiabiity of the requested Jdate, and then align s ek state wsing delay Incked toop (DLLY
CHOWRY,

LB R The hast sud device may compunionts data, clock, sud conunsud signals with

sach other sceonding t an opersting soliage. v mulilvoliage cwvirnmments, the operating

B

wvialage ey be at o e, higher lovel or st second, fower Tovel, Examgple opesting voltages

i3
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may be 3.3 Vobs {(Viand TRV, The transistors confipared in g ovitiod puth of the devies

that are used jo revoive the clock signal fromn the host and generste the data signsl for sending

FEH AR ALAASLL RRAL SIRTRSS, RALAMY RAGREERAERA RASR RANRAEL NISQARAER SRS S iARSTSS i

ty the Bost may have a cortain gate thickne: ot mnd peBiabilty, Howewer, the

e

elay caosed by the wsistors whes processing the signads ey <Bffer for the diftorent

- - kY

gporting voltage fevels das to ferge loading. o partieaher, when the transistors are opsoating

B

s the fower vobdinge level, the daday may be signitioantly higher, such ss around four Hes
grogter Tor examgde, oompared o when the bansisions g operating af the higher voliage

fevell As a cesub, while e ansistors wey provide an adeguately small amoust of delay

whiont operating at the higher voltage lovel {Le, u Solay that cases dita (o be geaibdile withis

S

tha speeified sinsing winddow, Sy roory provdide oo large of & delay when opepsd - the

by vobtage loveld (e, a deley that caoses dala to be avatlable ondy after the thing wingkow

has lapsed). So that reguested data mgy be avilable within the spes

Souk toming window,

ey contigersd with reducsd loop delay may be desinable.

BRIEF DESCRIFTHON OF THE DRAWIN

5

jed) The accompanying drvwings, which ars Incorpors

this spesiication Husinge various aspeets of the Trveniion o

serve o exphain s principles, Whsrover comvendons, the sams

used thronglung the drawing o refir 1o S sam or ke olomenix
EHG Figure 1 is a block dingram of an exsomple sellaynchromous sestom,

coetving ayvien of the self-

R

j06] Freurs 2 i3 8 block disgram of componens o

syvachronous systers of Flgurs 1 ot may be included o s St orsticsd path sud 8 second

critical path of the new-volatile memary sysie

e peyersiton o msm‘:‘

[BOT] Fiowve 3 is sooirouit schenmati

o vodfage,

&
R

o
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L e sorwm of signsds goverated Ire the components shown in
R] Figure 4 15 8 Going disgram of signsls goverated by the components shown in

> mele of opendion.

Figure 2 when the clock-reveiving svstom 3 operating in o ugh wolis

[O0%  Figure 3 is 3 timing disgram of sigs

fa

13 generated by the components shown in

Figure 3 when the clock-recepving syston s aperating in @ low voltage mods of operstion.

R RE Figure 6 15 a civouit schematic of su owsonple cireuit configuration of 8 second
waitiplexar of Figure

M Figure T is g oirowrt scheomadio of an example civoutt configiaation of vbeid

QU et

shronitry of Fig

[0 2} Figure § {s 4 ciroui

Hontatio of an exanphe sl confliguraiion of seeond
precdviver slivuiny of Figems

{801 3] Figure 9 shuws g e cliant of sy exampls method of o olockaocaiving systom

3
X

srerating & data sigos? for comurnuioation ou a data e o s clockesending system,

[ Figure 1 shows o fow ot of another example method of a clack-mosndug

plinng & dats sigas! B connmigios

woon & dhady How 20 8 chokosenduy

JHLS) Figure H shows a flow ohaet of another exammple method of & clockwroosiving

syatons gooerating a dats signal e conmmuodeation on & dats Hoe 3 clock-ssnding sysiom

=

EHIRE S Figure 12 shows a Sow chart of another oxvmple maethoud of a clock-recetving

{8017 Figure 13 i g Mook disgram of a selllomehronom memory sydtem tat oy

poplarment the oiveait covopanents of Figores 3-8 andfor parform the methods described with

mferenes o T igures 8-13.

i
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BETAILEDR DESCRIFTION OF PRESENTLY PREFEREED EMBODIMENTS

[BOIR]  Overview

{8019  The following embodiments describe elock-reosiving systems of self-synch

stoate & Bost alock MW\S! HIEE

ns that include & critoal pah condigused o covnn

mudtiploxer configured directly boebived output deiver olrpuitey fo vedoee bop delay Siw

soneration of a data signad on 3 dats e, I soane exanpls snabodimengs, the docksreceiving

avatony nwyy slilize the oritioal path and the mudtiplexer for a Tow aperating voltage mode bat

got for o high opersting vobisge twode. The owput deiver ohrogitry may inclods fwvo clreu@

o

portions, one Hhat gensrates the dete shnad fn the high spemtiag voltage mode sl soother

>

thad genorsies (e dota migoad o the oy opooating vollage meads,

o)

RS E Fon one exgeple endbodimenst, # clochk-reoetving swaiom nay nchede cwlput devver

riviond path chroutiey, and & moltipleser olronit,. The outpat debver clrondiny may be

gonfigured (o generste su ouips dade sigas! for comuunication oo & data Hee ol g

Lo The oritival path civeutiey may be vonfigirad o geoerats a ol

e

sosHRRnIcEH D
baged on g host clock sigual reovived on g clogk tine of the cmmmunications bug, The

maaltiexer cirowit may be configared o receive o plondity of mubtiplexer input data signads,

revedve the slock signsd from the oritieal poth ofsguitry, gonerste g poir of multiplexer ouwipst

data signals based on e cheok stgns! and the plurality of mudplexer lnput data sigaals, and

outpt the pair of maduphexer outpot dats sgnsds b the cutpat deiver ciroairy For goveration

af the suipad data signal,

$HE2E] In snother emboditnent, a method of genemting an ouiput dats signal may he
b by had -

performed. The mothod may ichade catputting, with core b

shifted cors outpet data signsis; genceting, with dats path cirowiry, a plurshity of datw puth

als

outpat deta signals based on the pair of phase shitted core satpus dats sigy DRTAING,

with cvitical path cironitry, a choek signal based on o host clock sign

SRS
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Hivee; posersting, with a woultiplexer oivenit, 3 pair of snduploxer owpoet dats signals in

oxy

,,,,, siving thy plurslity of dats poth teripat xignals from the duts path cironitry smd
the iocd signad from the entical path cirowitey; and genorsting, with sutput deiver sireuiivy,
the dats signal in response 10 mosiving the patr of nudtiplerer owspot distis sipuals from the

masdtiplexer girouil

I Ty some exanyile embendinnts, corg loghy cirow

¢ configrred o enable
and dizable the firdt oritical path clroaiiy. Also, sccond eriticad path otrvoliey oy e

configured to gonerate @ second clook signad based on the bost olock sigeal, and dus path

choliry hiay be condlgnnd a the fest oritioad parh i disablad, gooeraie s pawr of data

2§

patdy caulped dots signals based on

wporgd clock sigoal sad cadput the pair of data path

outpud data siguals o the mutpat dvvver chrowdtry, The ouiput deiver circaitey may be furthee

confipurad i geoerate s outpa data signal s responae 1o recetpt of the paie of dats path

o

sistput duts sigaals when the fivst cotic] path & disabled.

HLUARE I some exanyde e DAt

nhaalineng, dats path cirruiioy oy be configured 10§

the phasality of surhiplexer input dists siguala, The pluvality of madiplexer topad data sigealds

wrry snclude g fes pair of ondtplexer lope diks sigvals snd g second pade of maltipleser

o

gt data signals, where the Frst aad second pairs sve phase afted 180 dogrees relative

cach other with reference o the slock signd

{8024 e soe exionphe cavbodimenty, the sunduplexer ciroit may whede o phasabity of
wsas wate oironits, Booh of e pass gate sirouiis owy be comdfigured o recebve he oloek
: P e &

v
3

shonal and mme of the mw

xar input dats signsds of the fest sod second patey od
multiplexer npat date signals
25T Do wowne example sododiments, e clock sgnsd may inclode s paiy of

eosmplementary clock signals,
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stook signsd 1% bwion @ vate of the

je27] In andher oxample sorodiment, 3 coch-soochving systom may nehds owtme
deiver civeuitey avd o mudtipleser sircait, The output detver civenitry may be configared w

gonerate an outpal data sighal fov conmaniciion ow a data Bine of 3 commanications bus. In

L e snatpat e

ey cireuiiny way Include g Sest choudt porion configurad 1o gonoras
the ontput Gata igeal i & high operating voltags mods, and # sevond circult portion

configured to gonewste the owipat data sigos! o o Tow operating vollage wade. The

oitiplaer civonit may be configund to outpmut and madntun a fiest et of voltages at s fisg

sot of vels & osetivate the 5

sond cvveud povtion fe the high operating vodtage noder snd

,”

outped and roivtain o second set ol vollages st g seeond set of Tovels to deactivate the fiest

portion i the low operating voltege maode.

e
o

MIIS) iy somie exanydke embelineents, vowe i

whether the nuitiplexey svai! i onoafigured fo output the et set of vollages

aperating volage mode or the second set of vollages in the low oporatiog voltage wod

2% In somme sxampbe sobodbments, the cors fogie circutity may be configursd o, in

s

the high operating voltage mode, output 3 oore outprd data signal o the madipleser for

1%

gererativar of the vatg dats stgnal, and m the fow opergting voltage wmode, vaipd o padr of

phass shalled cors muatpat daks sigmals b the meliipheer for generation of the outpat duds

shigvaal,

fe

BR36L  Insome exemple embodiments, the muitiplexer may b vonfigured o, s the &

i

R

!;'r: '
b

siprerating woltage mode, cotynt, to Tiest date path oircaitry, & Sestpaie of woltipleser owp

duta sipnads i genevation of the watput dats stgnal iioresponse to receipt of the core outpat

vl

o, snd i the low sporsting vidtage prode, outmd, o seoond

secod pair of muhiplexer satput dats signals and 3 thivd pair of multiplexer ougput digs

i)
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sipnads. The second pair mioy be associated with s fest duta signal of the poir of phase shifted
core satipi data signals s the Sind paiv ey Be associated with 8 serond data sipnal of the

o

adimenis, in the high operating voltage mode, the frst data

posth sivenitey may be condigured o goverade s Best pade of dats path cutput dets signals based

o e B padr of multpdeer owlpud data stgnaly, and oudpar the Hirst padr of data path oudaa

data signals to the Bt cirowdt poetion of the owpat debver cirouiey Tor generstion of the data

signsl, Alse, G the high opersting solisge msde, the second Gt path cirouitey may be

portion of the outpas detver cincuitey B d e seoonad chrouit povtien B the low
operaiing vollage mode, the seonnd data path eivcuitey muay be configured o gonemie 8

seond pair of daty path cutpat datn sigm

st daty siguals, and ouput the second paar of data path crupa signsle to the seoond

e dada sigeal. Also, i the bew

e ontyret debves: itey for generntiog o
operstony voltage nwode, the Grer data path cireaitey oy e configared o gonerate o fourth

sed of volinges ava foroh setofw

e levels to the Hrst circult portion of the culput drivey
cironitry for desetivation of the first vinvui potic

{8032} Fee soowe saample enbodiments, the seonnd date el circuitry sy include 3 pree
driver cirenat that nehades an vutpst wode, and freg, second, wed thivd trensistor sirvoitries.

H

The first fransistor civoutiny may be conmevtad o the onprt pode and configarsd o be

supplied with s inputioutme (TG voltage and pull up & voltage ot the oasiput sesde foos beed
of the FO voltage, The second transistor clrouiiey may be conneeted 1 the cutpid node snd
configured to pull down the voltage at the owipet vode W geomsd, The thind transistor

¥

Fpaay be cormecied to an intornyl node of the second transistor civeuitry and
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ot Be wupplied with a reforence voliage, where & level of the » ¢ voltage may

 in the high opovatis

Tn sowme smnple embodimenty, the secnd dota peth circuitry may Hether include

Fanred to generate fivg and seeovd paies of Teved shifter output dita

stgvals hased oo the seoond and thind pairs of onduiplexer supat dats sigaals. Bach ofihe

firsd oiroury, the e

y, aned e thind siroaitee of the prodebver circuiiry may

mehude o data signal Jopat connesiad 10 2 same owiput of the level shifler ciroattey.
[BR34] To soane oxsmply entbodiments, the wethod may ferther Incloade: onabling, with

thay vore Inge cowitey, the critics] path ln response W diteraldng tat 8 host terface i

operating Gra lvw operating voliige suxds
[8038] Lo some exmnple embodiments, the omitiplener cieoutl may elude a firdd

midtiploxer ghroudy, and e pode of mudtipleser owimad data signsls may ohude a fest pelrof
praltiploxer cantpd data signalk, sl the data path clroniny iy includs & fivst dats path

The method may fuether melude: with w5

ond padtipheer, cutpulting seonnd and
third paten of maliiplexer cuipwt data signads i rosporss to wostving the pair of phiss shifted
orss sty ohsds sigoaks fom the core logio oircuitry 10 the St dats ath circuiivy, while

outpuiting & Gest patr of voltags

gt constant levels o second dota path circutny and

outpuiting, with the second path clroaiivy, & secnnd paor of voltages ot constant foveds based

om e Hrsd pade of vollages, For these sxaonple orshodiments, generating the plasadiny of dats

£

with the Arst dits path elrowitry may be baasd on the second and

s outpud deta signals, amd geperating the

Ba SRR AFLIRLILEL RRBINE DEotsls ERS

e ~ 5

include penerating, with & fest civouit portion of the catput detver cireuitry, the cutpat data
signsd I response o recstving the st paie of mubiplexer sutput data sigosds while g second

cirouit portion of the ouput driver circuitry is deaciivated n rosponss 1o recoivipg the seoond

pair of voltages.
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jB03a) ither cobodimests ave possible, sud oxch of the embodinents can be used slone

or tog Acoevdinghy, various ambodiments will now be deseribed with

-

reforence ty the sttrehed drawings,

{837 Exemplavy BEmbodimends

FEE TR As wentionad i the backgrramd seobon, trsnsistons o 8 orttios] path of s device

Ei:' DNENTERES ':{:\3_

armn oy provide oo g o s clogi-teedata lodgs delay (w
simply loop delaer when the devicn i opersting acconding to a lower openating volage such

that the devioe by wable 1 neake equested dets svailable tr g host systen weithin o timing

- that 1x recogndead sad monitorsd by the host sestam,. The following embodineaty

¥

show sn sxample devier that reduces the op delay for b weaded 4t

bvae of fwo openating voltages Tor which the devies i3 designed. In paetionher, e device
chudes two oriticsd paths sssovisted with two differom apeding vodtage lovels, Bach

s

eritieal path swhedes ooy configured 1o mestve @ Bowt clock signal on & olook lae oy

hosst and, based on th clock signal, ronerats 8 olook sigmad that mused to

gonsrate @ deta signad for commamsication any St Hee baek to the host. The oriticad pagh

associated with S lower of the o oporsting volinge fovels may ovide shortse oop deln

for the hast clock sigaal ot the lower voltage Tevel compared 1o the loop delay provided by

ated with the hgh vodtags Joved for that sarus bost elock signal, Thae

devioy wmay by configored o dedeet the operating voliage loved, sad based on the deteotion,

coable one of the erttical paths whale disabling the other.

e,

B39 Figuwse | shows a block diagram of an exanmpls selftsynolwonpus sysiom 100 that

inchudes o clock-sending svatem 12 and 8 clockvoostving svstem UM, Tnthe

selfaynclronous systony 100, the clock-sending svamtem HID may send 5 olock signsd w the

~receiving systom 134, and the clock-recetving

operate and conmunicate with the clock-sending system
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(04

or systen:, and the elock-receiving systeom 104 may be o shave dovice or system, In additiem

or altermatively, the clock-receiving gystem 182 may have or stors information or dats that

the elpck-sending device 2 wants. The clook siguel sent by the clock-sending spatan 102

miay be used fnoovder to ransfor the destred infwmation ov dats Frow the clook-reosiving

systen 104 G the elookesvading svstum W2, Av used borein, the clock siguad serg by the

o

clockesonding svstem 12 may be volorred o as i ot clock signsl

8041 At a given polnt in e or peviod of operation, the slock-sending systom 103 ey

e vosltage

Fevels, Which devel the oheok signad i send ooay depand o

chock-sending svstan W @ protoeod wader which the clocksonding sndbor oloek-raestving

systems 2, 104 goe configarad w0 oporate, sadfor so operstisn miode st whaeh the

svstorn 1Y aadior the clock-roveivlng systom M are oporsting. As deseetbad

e further detal] bebrw, the clochrenaiving vk TO4 oy neheds two opltioal paths Foe

nalr]

conusmnoation of the host olock sigral keovder to send the reguested duts back fer the

[B8043]  The clockerecuiving westom 104 muy nelads core logie siromtvye T that resy

performs usetions spoeific 10 the elock-receiving &

vequested. The clock-receiving system M may b nchude g bost nterfacs B 1o
cosvavneats with the clock-sending systers 102, The bost intorfee W mway be couplad o a

host interfuce TOR semds and reesiv pbs oy nmd

from the cleck-sending system 182, Ax desoribed in frthey dotail helew, the hoat dterface

St
]
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als, such ax by pulling wp o a

o the communicaiions bus

{8043 The covnnmications bog T wav inchede o host clock ling 112 onowdich the

clock-sonding svatem 12 may send 3 host olock signal CLK oy o the olock-mesiving

vostoen 1O an Nomunber of data Hoss

7]

ok s

FUEN- AR onowhieh the

conding sygtem 1R

.

and the cloglereoetving sestont 164 neyy communicate data dgnuk

N with aach

s Tine TUS ovoswhich the clock-sending syster 12 and S

wstery H34 sy counvudonte comeiand sigrals OMD and resprases RER

sl DBATTMS DO vy include oty that the olock-sending

sverenn 102 wants W recetve Do the clock-reverving systent 104 Comnmrand sigunals OMD

serg fromn the clool-sendi

stern 102 wmgy ingiruet or rogquest that the clock-reoendog

w104 perfortn some action, such as porfirm us opsonti, reosiion mio 8 corkaln stags,

(P

sted data o informatiag, 48 examnples

from G cloekorevsiving syston M may solaowledgs vecaipt of the coromand signals

R, indioate that the Instructeds

ctisny 1 performed, o inchede the reguested Informsion,

as oxsnples, As deseribed in further detai! balow, the bost cloek signal 1K gony may st the

CWy are oo

frevueney at which date andfor convmands witbeated ey the Srannamcatin

bue 110 andfor comrod the dats Flow by providing the Hmes andfor ndes st which the Ses

il CLK osr and datn sipnals TRATINGLG may e sempled b the clockereseiving
systern 104,
LIS E Y The clock-sevding systern 102 and the clockoreceiving system 14, oxiug the

host iterfzes T8, may be configumd fo genorste sud conwnursoats the oloek, data, sad

I CLEgogy, DATIN-LOL OMEVRES in antdor comosponding 1o at

i
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donains may include at least tvo opevating voltsge domuaing: a igh operating voltsge

dorain axd 3 low operating voliags diwnain, For sone exanple

=

twar operating voltage domaim

{80481 Tach of the operating voltage dossabos ey Bave s associated high voltage fovel

pe

b

anid an associated low voltage fevel. Addiionally, cuch of the operating voltage donaing

iy harve g oh e e tated high vol

ocirted high voltage range within whi

and an sasociated fan which the masociated how voltage level les, The

fonw? voltage mnge w

voltage domain niay be higher than the

cvollage dhownsan, A sigus! gonesatod ma

23

{hat s within the

'-/
E=3
,-»;.

stleuiae oporativg voltage Sanain may ausilion botwren o high lovy]

assoviated high voltage rroge avad & low Toval that is within the sseoniaiad low voltage range.

R b

48] The clockesending systern T and the olock-recorving sestom 104 using the host

FOS pry Be configuss shvek, data, sad sonwnund

E S PRy

feterfane

steoals O Kuosr, DATINH] OMDY

\.

o ther high operating vollage domain, the ey
operating voltage doroain, or both, As used herein fov stnphicity, and unloss otherwise

signal being generated sodior conumawseated o the high operating vollage

domsain or the low operating volfags domsin may be synonymous anelior used

hargeabdy with o dgnad by peeersted andior comnumicsted at andior acoumdi

ol

eh opersting vodtage Meed or o low sporsting vobage lovel, vospootively, where the high

=3

apseting woltage level rofors fo the bigh voltage lovel associated with the lugh opevating

E’j‘f

& refiery to the high voltage level associated

i genermed

%
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cosvsavieated at sodfor sceording to the Tow apevsting voltsge Tevel may mean that the igh

fovel of the signal is  the sssociated high voltage lovel sowdior within the asw

voltage vapge of the low operating voltage domain. Similarby, &5 osed herein, |

erated, supplied to, andlor veseived by o clrouwit coanpovient {8, 8 trassistor ot andfor

g vodtage domain andfor the hgh operating voltage level may

b

sceording o the bigh operstin

mean that the vl of the voliage & at the assooiated high vodiage vel andfor within the

associated Bgh voltage range of the hgh oporating voltage doanadn. Likewise, & voliuge

gonsrated i, suppliod to, andfor receiverd By g ciroat compovient a8 anbior acconding o the

k! i

by eperating voltags dowmain anddor the low nperating voltage lovel may mcan that the lewd

wistiage 15 ot the awociated high volfage bovel andéor within the sesouisie

raarge of e low vodiage domain.

gl opersting v

{8347} T one exsmpde configuration, the hig ape Josuain sy bea 33 ¥

npersing voltage domsdn, snd the bvw operating volisge donads miay be s L8 Y oporating

”»«
e

b geseratid in the 3

Hage domadn, &8 dosadn sddor socording

o the L3 Y opomiing voltage level misy fransition betwesn  high lovel comvsponding 10 3.3
Woite, at 3230V andfor within a volage vange sssochied with 3.3 Viand g low Joved
corresponding o 8V {Le., 8t 0V andfor within & voliage rangs sssociated with B V)

wersrated B the LE WV operating volisge domain andfor acoording o the

e

Sintlarty, & signal
LEY oparating voltags level may ransition bebweosn o igh kool sorresponding iy LRV

(Lo, st LB Y asdbior within o voliage range sssociated with L8 Viand & low lovd

corresponding to V. Likewiss, a voltage penerated st andior socording o the 33V

sprerating vollage may have 8 loved thet s ot 33V andioe that 3s withivg g voltage mauge

asgociated with 13 Y, and s voliage genorated st andfor acconding o the 1RV opersting

T R

voltage ey have & level thet s st LB Va - that i owithin s voltage range sssooixod with

I3
i3
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LRV, High snd low Jovels for the operating voltage donains other than ov in addition o 3

Yoand LRV may be p

[B048] v addition, 35 shown in Fig. 1, the cliek-sending system 102 may supply a supply

X

voliage VO o o sappdy Hae 118 o the olsck-osesieing systesn T fe poaver components of

the clock-recstving svsters 1L Voltages suppiied fo st conponens of the

Aereoeiying svions 14 may be gonorated hased on the sappdy voltage VWO, Fe

oo

£,

sxample, shlongh not shown o Fig 1L the host infecfioe 168 oy inchude 2 regudlator that

=\

reeeives the supphy vollage VOO, Based on receipt of the sepply vollage VO, the regudator

3

may be configured to gonorate a voltage af the high openting veliage lovel me the T

operating voltage level, and provide e voltage to oiber ciivall so

fferface IR,
{8349 The host ferface 108 may be configured to operaty o both o high aperading

writage wnde and @ low gpentiag volisge node. When the howt wverfos T &

onnuioating with the slock-sending sestern W02 vis the compnications bus THE o the

lugh operating voltage domadn, ther the host nterface 108 may be operating o the high

operating volage mode, sl vice vorsa, Conversely, when the host erfaes HE »

compmmicating with the host systemn BT vig the commnunications bus T in the by

operating voliage domain, then the host mterface 108 may be nperating in G low operatiog

vultage mode, and vice versa

5

S Wherg the clock-semiing svstom 101 soquests that the olockereesiving

send it data, the core logic cirontivy 16 may provide the data o the host interface T

ity oy senad the data as data signeds DATIN-LH o the olscl-sendis

-psnvbsey ta Yiesw T ESINGDO0

[0RE] The cloek-roesiving systom 1 mmy ven the host clock sig

3

3 signads BATIN-DO] that are sont back to the

i
-3
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circeit comnponens of S host interfses 108

andfor the core logie ciroutiry 130 may reeeive the bost clook sipnal CLEposy, ov at loast 1

buftered version of the host clock signal CLKswwr. and pall v and dows the evels of the

N

data sigvaly DATIN- LR aocording to the sate of the bost olook signal {Le., aceording to the
it sigvials DATIN- LAY socording to the rate of the bost oloek signal (e, aceording 1o the

=

riving ansbior falling edge ovcurronees of the host elook stgral)

ting systom W may b configursd 1o monitor anding kesp tack of
¥ Shmdng wisidow when rogussting sady from the cliekorsosiving systons 104, The

2wy identify s nithael or santing tie of the timing window,

o an indtial tene that the host estem HE sonds the hast glogk

c pasise of the host clock stgaat CL

st thiad the clock<ending

¢ verguesiad data 10 be sent back 1o the host svstem 182 on the data

¢ each LY corrgsponds 1o & stughe time poriod or ovele of

chsending vatont 102 hus not meosived of ant

aome of the rogquested data on G dela s PRV upon oxpivetion of the tinss

X

o
o
%

windivw, the elook-sendimg systom V03 may idontify & meout ovest sudfor detenmine that the

clock-recsiving systom 104 is unable or wonavaikdde o send the reguestod dota o the
clock-asnding system W0 As g resuls, the roquesst Tor the B8 may not be congdetad

[B083] & eritiva] path of e clock-sending systom 188 may be @ path along whach the

Hest vhoek sigoal CLK gowr propasates within the clockesending awstery 104 b penemte the

\.

daty signals DATIR-1:0], Whether the data sigaals DATIN-TH] wee able to be generated and

e trning windew may depend ow the oritiead

wert ot o the deta fves TIIN-LH] wi

path and the delay provided by the entieal path fo cornmamicate the hoat olock signal
N '3 ¥

Pe

y the host elook signsl CLK posr

i

L K pner g ponesate the dets signals DATIN- 107 s

i
L8]
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simply foop delav) The shorter S Toop Jeley, S fster the bost imterfaes 18 of the

sek-reosiving system 104 may generate the

1E4{N-1:0] for sending back te the olock-sending system HE2,
HE Y The cleck-roceiving system 104 may inclode two orittcal paths to conmasioats
the Sost cloek sigral Ol goey snd gonovate o dats signad with the bost clock sigmal CREesy

sten 102, The wwo orttioad

fisr connaneadivay oo data Hne baok o the clock-sending

pati may inctods 3 fisstontivad path 1o conenameate the host elock signal Cl&aosy a

gonsnnte & Juta signad using e host aloek sigmal Tl aoey when the host nterface ¥ &

operating w the high operating veliags wode, aud 8 seoosul eritioad path 0 cpmnw

hest clock syl Ol ey sod gonscate the data sigoal using the st ook signal ClRwosy

whers the host interface HI i operating 1o the ks operating volisge mode.

s

[§#88] Fig. 2 sheows o blosel dhagram of slroait sonponenss of the clock-veceiuing system

Y

1634 dhiat ruay be tochuded ta the fest sud seconed writical paths, For sonie example

vonfigueations, sther than the cony Jogls sirowiry 186, the civoud! orampanonds shown in Fig, @
wmay be paet of G bost interfice 108 shown i Fig 1, abhough o ather saample
coniipumtions, one or more of the Siroplt componenis may be sopanae from the host mterface

108, The Hirst oritios! pash sod thy second ontical path gy sach be condiguned 1o gensaade a

af based ow the host clock stpnad CLK o vnd then uee that olock sigenal o

pemerate o data sigoal, which o tom iy be converted tato o Sata signal DAT that is
conmnsunicntod on 8 3 data line TAGT of the Neoumber of data Noes EIN-G0] back o fhe

clock-sending systemn 12, Whas the host intorface 108 i operating in the high operating

valtage mode, the dats signal DAT may be generated based on the duta signal gonerated with

the first critical path, Abermatively, swhen the host nterfage HOS 5 operating o the low

.

operating voltags mode, e dota signs! AT may by gonerated basad on the deta signal

et
<%
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generated with the second oritiond path. The second eritios? pattomwy provide shoster loop

erate the data signel DAT compared to the §

perating voltage

53 Bfter oirouitey 204, $iest ook

shriver cirouitry 208, and dign geperation ciroadtey 218 loosted By the core Togic clvenitry 106

s cteoutt oonpurents of the fiest enitieal jath may be confl v ghie host clock

signsl CLEgosr oo the host olack ine 12 sod generste & St clook signad CLEEE bassd

The seconad ovitical poath assooiated with the low operating

cond Sohenilt triggor 08, second olock debver civeaitry 214, 2

clock bufte

210, snd 8 spooad peaitiplexer (MUXD 212 The cirom! componenis of the
second oritieel padly sy be configurad to regeive the hostolock sigmal CLE oy on the host

chock Bae 113 god gonenate g sevond olook sigaal CLK I Dased on the host clock signal

CLiosr

ST When the host lnterlane oh operating voliage mode, 4

N

X

data signal B may be geveraded by the oo togie orowitry 106 with o waing the Bt oloe

»

o

3

sigreal I3 ooy then he

signsl ULKYE As desortbad i furthey detal helows, the data s

o

converted, ssing additicnal cipcuitry, o the data signad AT that is comnmmicated on thy
Febe dats line 140 However, afise the data sipnal 12 51 pensried, Parther o additional slock
stk sy v b wsed to cowvert the data sigosd 12w the dote signal B&T, Alleratively,

N,

when the bost inferface 108 is oporating in e hev opersting vesliage puod

gated 8, which may inclode 3 pair of dvectly alipred data sigoals ngate 18 ard poate S, may

sunad CLKIR,

D

b gevnerated by the seeond multiplexer 212 with or using the sevond clogk s

L
413

#

A deseribed in farter detad] below, the dats sigosd gate 18 sy then by converisd, using

adkditional clreuitry, inde e data signsd DAT. Menwever, after th

3

i
*ed
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$edivismal clock signs! may not be used o corvvent the date signal gate 8
data signad AT,

[EH S The cowe fogle civcuityy 106 may be codigured (o determine whether the bost

interfaos TR is opensting v the hgh operstivg voltags mode or the low operating voltag
mode. Based on the determination, the core logie eirmsitey 16 may be configured 1o

goneran & path anable al LY that enableg s disables the

second eritieal path. Thatids,
when the cove logie cirouiivy 186 dedernunes that the host interfisce H 15 opesating i G

Fowy operating voltags roode, the o cirerdiey FOR may generate the paih enable signad

LAY o ensbly the second oritieal patly, aoud when e oove logie clronitry 106 determdnes that

tha

N iz operatmg n e high opseating voltage meeds, the ot fogre alroitry

TR omay poneeste the path enable

tnad LY o dizeble the sovond onttiel pathy. When de

segond orivical path s enabled, the second clook signal CLEIE may be used 1o genemate a

al R oonnrvniostioe on the il dade lne VESE] Alleonatively, whey the second

ok signad ULKA2

o gonerate o date sigad
for connenication on te jth dada bee PR
jEan] In ficther detadl, ae shown in Fig 3, sach of the frst Schoutt trigeer 2002, the

secornd Sclurt trigger 308, snd the second clock driver ircuttry 214 may be confipured 1o

chintt igger HEY snd the

ey

w1, sach of the fira 8

reveive the path snabie signal LY. Toad

second Sohrdtt gy 208 may e configorsd o reoeive the bost olook stgnad UL K grr on

the clock Hne 212

jias]

n the cove logic cirouitry 186 defermines that the Bost ity

sperating in the high oporating veltage wode, the core logle ciruitry 106 may genersite the

path ensble sigmal UV such that the Siest Schmiit o1

28 and the seoad olock driver ¢

al LV, Alternatively, when the o
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host iterfacs 108 fs oporating v the low operating volis

misy genorate the path onable sigasl LY such that the st Schau

ol trigger 208 and the second clock driver circuitry 214 are enabled in

I

responss 1 the path cnable gigaal UV,

&

A T the high opersting vobizge mode, with the fist Sclunit ingeer 202 aotbvated

s

St the sen SR deactivaind, fhe Best Schonit friggee 3K

~

el Sohenid Wigge Ay genorate a

{3

cloek sigast CLEES based ow the host oleck sipmal CLEKwosr and ontpat e olook i

%

LB o the clook bevel shifter clipuiiey 3

atul the secomd clock detver shropitey 314 As

describad o fucther dotadl holw, the slook level shifior oircuitey 208 and the Oest olock devvsy

33 it the fimt

s S0 of the est oritioa] path way ten comver? the olock sl CL

host clock signal CLKIZ and sond the Tirst hest clock sigoal to the cove fogie oirogigy 106,

nal CLEL2, the corp Togio ohrowitry TOH nway genenate the data signgd

Using the first clook sig

2,owhich fu an e e convertad o the data signst DAT withont use of fasther clogking

g vollags

chock devver cirouttey 21 38 deactivated in the high operatin
wmods, the second clock signal CLKIS muy not be generated with the seoond critioad path w
prder 1o gonerate the dats signad DAT.

Ble2]  Alormetively, in the low operating voltages roode, with the first Sclunis irigger 302

deactivaiad and J aotteated, e second

Sclunitt trigger 208,

rather than S Hea Sohrmilt rigger 203, way gonerats S clock stensd CLKAS based o the

N

hest clock stgoal O Koy and outprd the oleck

=

gral TLE o the clock level shifter olrmitry

>

and the second clock dviver cirouitry 21 As desoribad in further detaif below, though in

the low opersting voltage mode, the clook fevel shafter civeuitry 204 and the e clock sdriver
val CEE S for use by the cose hogle

oo iabe

siry 214, M‘mo aoitvated, py gononge

38
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nerme the dats siengd

Bed

the second clock st

gutelR for gener

[0063] I the hig

b operating voltage mode, the second eritizal path may be considered

&

Aed mines it s aot wsad o generate the dote stpnad DAT, In the low opersting voltage

7o

digal
miode, the second eriticsd path may be considerad cnabied sinee 1t s used (0 geoerate the dat

aal AT, Enabiin

myg he soonnd sritieal path oy described i fucther dotadl

balenw,

s
H
&

j6d] e chrotit comyponents shoaen fr Fig, 2wy sach receive and be ponveved by one

OF oS woof vishiages, includiag an B3 volisge VDD, a corg virltage VD, and &

o REF, The 10 voaliage VINNI @

J}

gereraied at the high operating voltage

S
o

reforence vty

Beve] whan the hest interfice 112 b operating i the ngh operating voltage mode, saud s
generated at the Tow operating voltage lovel when the bost ingerfiiee 11 is opsrating ot the

fow opevating voltsge mode. The Bl vodtage VDN niay be goserated psiag veguluor

Ainge gonovating siriny o

vatem 104 basad e the
anppby voltage YOO, Setting the 1 voltage VDI G be st the hugh opevating voltage ewal
o the Jow opsrating volige fevel 88 outwide e seope of e prosent desoviption.

[8065] I acldition, the bevel of the cors voliage VDY may Be the level at which the core

Lol

sgie clrcuitey 16 operaten. o gevsral, the fevel of the core vodtags VD may be lower than
the {ow operating vobiags Jovel In oo evampl configuration, S lovel of the sore voltags

VI may he 1.2V, wihale the low opersting voliape vel s LRV and the high operating

[ed]  The reforence voltage BEF mae be gonentted st the low opersiting voltage hovel,
and may be geversied st that level bhoth when the host intorfeoe 108 s operating in e togh

sibed iy ferthey detand

operating voliage mods and in the Jow npenting voltage mode. As

below, the refere

e volizge REF may be used to ponerate the se

Tod
L%
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and the compimestary ok signds CLEIR ny CLRTE b provided s B socond mnitiploxer

Addinonatly, when the bost iterfes ¥ s operating in the high power pusde, the

reforenoe vollage REF miay be used to profest coriain circuil components {o.g., ransistos)

s nwade

B

that are used for ponsration of the data signals in the by operating vodiage

{7 As sl in Fig, 2, reforonce genorstion oirouitey 21 sy be included o

gonerate the reforsnes valtage REF

I soltnge VIIG, Additioually, the reforen

enabbe signal LV toorder o govergte the refirence voltage REF at the byw opsoating voltage

Fevel shen the IO voliage VDD e vithor at the bew operating voltags tevel or the hagh

oparating voltage fevel

[8068] Fig. ¥ sheows o ofvoust schamatic diagram of a0 exanple olroait configoration fiw

weration may inohede g Aest

P

wHee gerenttion chrowtiry 216, The exenple cregit confl

peohsined metalonide-semizondoetor feld-effeg anaistor (FMOR weasisen) M lwving a

tpwred 10 roonive the IO voltage VNG, 3 drain toeninad conmeeted tiva

firstened of g frst vesizior R, asd o gate rounsl configurad 1o vocoive the path cnable signat
L%, 1o the cirowit eonfiguraiion shown s Big 3, the path onable signed LV ey be gonerated

at i logie low leved foug, 8 VY when the bost interfies 113 & in the high apersting voliags

mode and st s logie igh bovel when the host intseBics 113 is i the low operating voltage

mode, The lopic high level muoy be the high operating voltags fovel

(M) & first pechanne] metalonide-somiconductor Seld-offeet franststor (NMUOS
transistor} M2 may inelude & doain terminad connseted to a fivst ond of 3 seeond resistor K2, 2
sonree tevminad conmected 1o ground referenee voltage ONTY, and & gate wominad connscted
to wy beverse path erable signsd LV b {Toverter obouitny o nvert the path soable stgnal LY

not shown for e

i order to geperate the nvert path eoalde shgnal LV}

e path enadde staral LY b may be the inverse of the level of the path enal

Gt AL L X AN SRR B RIS SRRV AN RS I IR AR i
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sipnsd LV b Accondingly, when the host intorfsee 112 33 i the Digh operating voltsge

x4

mde, the path sl al LY may be at its logic low level (g, O Viand the inverse path

enable signal LV b may be ot # logic high fevel, whi

igh fevel, which may be the high apending voltage
fevel, Purther, when the bost imarface 112 6w o the ke operating volinge mude, the path

eriable signal LV may be at ix logie b lovel (Lo the low oporsting voltage lovel), snd the

> sagaad LY by be al 3 logie Tow level{og., OVL
JTE) Addittonalby, second ends of the st and second resixiors RE B2 may be
conmectad teatber ot g node A & second NMOS trsistor M3 may have g dradn ernunsd

conpectand o node A, o soneos tevaningd osmeniad 1o the groind refonee volinge GNEY, and
& gade fornunal configared 1o wonive the path coabds sigaal LV, & transesior M ey have s
dradn teominal conBigured to spoetve the 1 voltage VDDO, 8 gute lerminal comnected {onods

A, v & source wrmingd conmerted g soure sawind of & second PRGOS pasisr MS e

M3 iy e o oo forndal configaed By e the

fwacke B, The sevond PMOIS rarsdsto

path enable signal LV, sod 8 deade tonninal conmested o g refvense node at which the

raleronce voltage BEF & pongeaiod, & thivd PMOS fransistor M6 may have o soures wonminal

cosiipunsd 1o revsbve the ] w

e VIMMY, & gate torminal condfigured 0 receive

-

path sosbie dgual LY b, and s drain sornuns! connected v the reforenes node at which the

refisrence woltaze REF & gonevated,

i

[T For some sxampls configuntions, e tnomsistor M4 mar beea vative VH{NY
frangistor that operstes w e smres flloower, To particadar, e threshold voltage Vik of the
transistor M4 way be at or near § ¥ such that the voltage generated 3t node B follows the
virltnge penevated at nods & Using a NVT transistor for the transistor M4, the reference

voltsge REF yosy be squsd 1o the voltage st node A when the seoond PMOS tanststor M5 &3

18, & NMOS transisior with o threshold voltage
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3

the voltage geverated af node A may be incressed by the thres

ofd voltage of the NMOS

5.

w i onsler to genende & desived reforence voltage REF.

{rams

8073 Inihe kg

operating voliage mode, the st FMOS transister M1 may be turned

{i.’«

o, the et WNMOS sranadstor MT may be tned o, wud e scoond NMOS transistor 83

Pt

miay be tuned ol As o vesull, @ vl

e Ngate refmay be geoerated ot node & st s leovel that

fes)

tarns cay the tard NAMGS taosisie MaL Also, the voltage af node B may by egual 1o the
viltage Meste vof bees (he threshodd voltage Vih of the transiator M4 {where the teansistor M4
s configured se o NVT transistor, the voltage Viste ol ey alse be generated atnode B
since the dweshold veldeage Vil niay be zerol. With the puth enable stgaal LY ot the logls

3

soonul PO cansdstoe ME may be tucoed on, and (he thivd PMOS transistor

~i6 may be tomed off. With the transistors BUI-M8 1 thelr rospeciive on and off stites, the

fevel of the voltsge gesemted st node B may be about the Tow opersting )

Hage level andior,

i some canfigurationy, may be shag §5% of the high opecating voltage kevell With the

secomd PRIOS fransistor MS turaed on, the bved of the raforencs voliage REF may be slat

the some oy the lovel of the voltage genonsied st sode B

JT3) In the fosw opersting voltage mode, the fest PMOS fewdstor M1 oy be tormed
off, the first MMOS iransisior M2 may be twrned off, and the sscond MO transistor M3
oy e tormed o, As 8 resuly the voltage Neade sl sy by polied dowsn to growsd sach shat

the tvvaistor MY s torned off. The second PRIOS transidor M5 mav abio be furmed off, and

Cordini

the thivd PMOS towssistor M6 mey be eoed on, With the transistors MEMS

respestive on and off states, the level of the refirence voltage REF may be shout the el of
the O vollage VDO, which in the how opessting voltage mode is G low sperating voltage
fevel Accordingly, the lovel of the referenes voltsge REF is sbouot the same regardless of

whether opuration is in the high or the low opersting voltage mede,

Fod
E3%]
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[74] Reforring back wo Fig, 2, generation of the dats signad DAT when the bost
mdertsor 112 i in the high oponting i3 now deseribed. Refercoce s also made

yerans of data &

tov Fig, 4, which shows a tming dis rvads and clook signals tat are generated

’i

3 the cirouit componanis shown i Fig 2 whey the bostinterface 112 35 u the high

gporsting voltsge mode, For simphicity, wy scourate depiotion of relagive delyy bodsaoen vise

tivves and Bl dmes s

e wvodle, the path eoabde

Py

TS As previowshy desoribed, in the high operating volia
signgd LV mey coable the first Sohenit trigger 208 sud disable the seconsd Soluaitt trigger
208, Is rospose, e vsd Schodd trigger 202 miay gonente i olock signal CLEI3 aud

A

Ag chown i Fig. &

v the eloek leve

ouipnl the ok
the eloak fovel shifter clroutivy 204 oy revetve the IO vollage VDIDO and the core voltage

VDL The clock fevel shafter oirouitry 204 may be ¢ high-to-low Tovel shifter by Bt the

shitfior cirenifry 204 may cosrvert the clock dlgnal CLEKII i the high operating

volage domadn o o level W2 pre de the oove voltage dowin, The
tovadoahified chiok stgaal CLEIE pee may be output @ e ook detver clveeitey 206, In

rosponse, the ook driver cirowiiry 306 my gonerate and oatput the first olock stgw

1 the core logiv eweuitry 106,
{8078 As provicosty deseribed, the core logie cirvnitry 106 may be configursd to

gererale the dats signat 12 wsing the Sest olock sl CLEL2. The data signad 12 maw

deabn that the chocfereoeiving systony 104 wands o osend o the clock-sending westom

el

mchude

12 andfor data that the clock-sending systeny T2 wands 1o receive from the clock-receiving

gyatem S04, The dise may incheds dats that the core Jogie cirouttry T has inteensdly

< o

generated, ored, retnieved Frovn anttber component of the cloeR-roestving system UM, from
a componsnt extemal e clock-receiving system 104, or soms contingiion thereof, L

the first clock signal CLELD 1o zencrate the dats signal 12 mey mean tat the oo logie

Fod
L3
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chrotitry 106 responds by the msitions {vising i go yritons) of the

mad LKL

first olock s

i genewsie the data OF OPETAIng i

k]

resporist to tnansitions of the et clock §

el CLKAZ anddor transitioning the das sipnal 12

i'l" &

.

botwess high sad low feesds In response teansitions of the first olock sigeal CLER2.

0771 Alter the deta signsd 12 v generated by the wove logie ctrowitry 108, the core logie

v e vy cadpad the data sigead 12 3o a Hest dada path assovistes) with the ligh
operstony voltage node, Ciroutt compouents of the st dage path meey conveet the dade signal
12 1o the dats stgnal DAT, The first dare path oy inclode o fiest muliphoer IMUX) 23S,

frest levad shifter oleoyt ' e @ Bvbead o

The hybrid sastput deivs

darn sizmal DAT and outpats the data signal TDAT o the ith dada Tee 1LY

3

fterface TOR i iy the high opersting voltage roode or the low operating vollage mode,

INF8] fo Drther detad oresponss 1o reveid of the dads sigeal 12 from the onve Togic

*

v O, the Tt nadtiplexe o dade signals do 12, dp 12 based

r AU 218 e g

on the date sigenal 12, As shown i Fig 4, the date signals da 12, dp 12 may be divsotly

abizned with sach other, as well ag direotly alipned with S data signsd 12, &s used barey,

R

twed signais are direetly aligned with sach ather when they transitian high ogethsr and

p=d

Heer, fud acvounting Tor delay bebeson e siamads. Purther, av wasd berein,

tion low togeth
shvals ane lversely aligred 1 when one stenad tnoveitioes high, the other tresitions low, ot

secounting for defay between the two stgnals,

fEHETH] Iy addition, as shows in Fig. 2, the st moltiplexer 218 may menive and be

§

parwered by the core voltage VDD, Aconndingly, the dusa siguads do 32, dp 32 sudpat by the

first nndiiploxey 218 muy be gooerated 1o the vore voltage domain, ss shown n Flg & T

g e first Beved shifter

first poshiiplexey 218 may send the pair of dats signals dnJ

N

oo Fig. 2, the fingt lovel shifter clrogitey 220 may recsive and be
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ter that comvents the deta signads do 312, dp 32 b the owe

voltage domain b data signals dnd3, dpd3 in the high operating voltage domain. A

¢ aligred with sach other, s well divg

in Fig. 4

aligred with the dww signals dn 12, dp 13 and the dats signal 13

Y sy Ne

o the data signaly

B
e

[I80]  The et level shifter cire

%%

pre-driver circuitey 332, which m furn may gonende dab signaly opudedd, peated? and ouipmat

%

the date signals nRated?, pratedd o the hvbeid owtpt driver ciromtry 2340 Axsho

yu i B

T )

4, the date sigoal ngatedd, pagedd ave diveotly sligned with such other and inversely sligned

woith the date signaly da33 dp33 Toocosponse for pooniving the dats slgoals ngaied 3, peate

outpnt driver circudtny 334 may be conligured fo goneraie the dute shosal DAT

fons
vk
b
P
s
-y
o
bo¢]
9
[=8

the high opersting volisge domatiy gad sead the data sigos! DAT on the pthodats Bee 110

<,”",

il

4, the daty stgaal BAT I3 soversely alignesd with the

81} T gonseal, S fiest kevel shifter clrrattey 220 may be wnable o divectly deive the

sapacitive load of the lput of the Tovbeid outpst deiver ciromitry 234 with the datg

dnd3, dpdd As such, the Hest pro-deiver clrcuiiry 332 may be positionsd in between the fisd

or circuitty $34, The ity

Feve chreuiiry 220 and the Bvbeid cuspat ded

vy have an gt capscitive Tosd Hat e fiest leved civounitne 320 15 able

£y

CHOWITY 3

deive, and the fivst pre-diiver e

I3 many gonsraie enoush curmant s s ceput sueh

that it i3 capable of driving the inpat capacitive load of the nebnid outpat dvd

82 By adddivion to o Brst dats path, she host futerfbce 12wy sho inclods o seoond

duta path weed to penoeste the data sigoa! BAT o the dute Bae U] when the host interface

B

%

112 is in the low opensting The secomd dota path may nehade the first

pa

wisltage o

sadtiplexer 218, secnrnd loval shifter civoniry 228, seonmd pre-driver circuitey 2
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second muliiplexer 212, sud the hybrid output detver oivenitey 2240 Generstion of e data

ix in the low x‘*f‘@i‘iiiﬂ” Xiiii\lﬁ movde LE&I‘H‘JG g‘QK‘IEi FIERERIN Hf s QE?:‘:T‘JAQ'E I ROwW

St RERRALS LN ELES, b BLILRER

desoribed, Referonos i also mads to Fige 5, which shows 3 thoing disgrars of the data

s 3 when the

=

taveals and clook signals that ave gonerated with the civout compovents of |

bet nbrface 113 B b the low openting voltags mode.

jH0R3] When the hoat interfane 112 & i the low ospensting voltags mode, the paili evable

x

signsl LV mey cnable the secosd Schunitt orig

e TOE and dizsble die st Solunitt trigger

202

pospse, the 8 werate the clock sl CLK3T and

outpnl the ok ity 204 and {he secomd oo

driver civoniiry 2140 The second ook driver oigoinitey 384, wisich adzo may be onabled, nuy

&5
X

ererate the second oloek signad CLK TR fu the low opeating volisge domats snd send the

second cloak shgal CLKIE 1o the clock bufter 210

>

IS4 As described in father detai! below, the

configured to vas the second olock stgnel CLRLE ag g sclestion signal, In one exvaaple

T3 v the secondd olook signal CLKILS

as & pair of crmplementary darals norder to operats, Acoovdimgly, hased on the clogk

signial CLE IR, e gloek baffor 310 may generste g patr of coonplemsmary iy

CLEIE n, CLKIE b The clook sigral CLRIR 0 sy diveotly aligned with S clock signad
CLELE, while the oth clock signd CLEKIR b ooy be doversely shigned with the dloek

copyslementary clook signeds CLKIS w, CLKIR b The second mudtiplexer 312 may receive

the complomentary cloek sigasls £

ps

LRIE pn, CLKIE band use them as sclection signsds to

genenate the direotly aligned data signais ngate I8, peate I8, which pwy be

e

nt o the hylrid
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below,
[O085]  With reforence o the sevond duta path, when the bost interface 112 v in the low

operating voltage mods, 3 pair of dote signads 1, T may be gonersted by the core ogic

ghreuitry IS and output fo the second digis path for generstion of the deta signal UAT by the

tovbeld outpat driver civonittry 338, The daa siguads 10, T ny be phasowhifted v
sach ather, &a show in Frg X the data sigrals 10, T may be phase-shifted 90 degroses

velative o cack other, Adso, the date signals 1, 11 may be phase-shiffed DRJegrees relativg

o esch other with reforsncs 1o the second cloek stgaad CEKIE. &s shiown wn Fig. 5, the das

X

1

stioes doring ditferend babves ofa wyele o

ihe secomd

s,

9

signaly Hi

LY JSTIONR \’mg fEsitd

chook sheval CLKIE, For exavopls, G doete stgnad T may perfonm s cising ansition dwring

st Aest half of g olock wvele of the second clock stgnal CLEIE feg, widly the second cloek

&

stgral CLKIE is highd, and the date sigaal B may then perfiom Us vising tovasition dharing 8

secomd hadfl of the ovely ol the gon

end elock sigmal CLEIR (egaw

sigoal CLEIR s lowh Suuilardy, the datu sigoals W3, T may pedforns (alling tansifiony

during difforen hudves of g ovele of the second oloek signal CLELE. Forexangle, the data

x

signat 11 roay porfomm s falling wansition during & st half of 2 clock ovele of the seeond

15 fatling transitdon d
second kalf of te ovele of the second clock stgnal CLKIE. In Hus senss, the date signals I,
11 ey be comsidered {HO-degres phase shifted signals relattve to sach other with reference to

Alssy, Fig. 5 shows data sipnal B leading data signal 1,

s 11 sviay fead datse signal 10,

Alsoy, shnlsr to the dugs signst 12, e duin signals 1T sy be genenaed by the

¢ 106 and may include deta that the core logis cirouitry 106 has intemsily

)

gunensted, stored, retrivved fiven another compeniont of the clock-recaiving system 104, from
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a compongt exteral e clock-rocetving svatom T, or some combingtion thersol, Alse,

sl HE 11 oy be penoratod using provious oyobes of the first clook sigaal CLEKIZ

~

that is sont o the cors logie circuiiry 108, However, the dais signal DAT tha is ultimately

geperated hased on the daty signals B, 1 is gones

o

Tor el s, the dwia gignaly B T may Do penerated and cratputt by the cove Togse cironitry 106
so that

[RATE  As chowa in Fig & the et signalds 1, T ey be sont to the St maltipleser 218,
andd in vesponse, the Hrst nudtiplexer T8 may generaty a pair of dut signads do_g, dp it

based on the dutn signad 19 and & pate of date sigaads de_, dp 1 based sathe daa g

showe e ol data signads de @, dp oy

;,«“
W
o

b {hw cove valtage domaia. i 5, the pairy

%

divectly alignod with cach other gad with the dats signad 10, and the date stgnals do 11 dp it

mwiay be divectly sligned weith sach other thie duta sognad 1L Also, (e phase shift may

e maintained sach that and the two patrs of dats sigeels da ), dp Gand de U dp 1 oy
{R-degroes relative o sach other with

JEIRA] The scemed foved stafler etremtry 336 nay receive e o pairs of dats signals

fdp Wand de il dp i) and based oo these sipnals, penerate beo paivs of dada signals

il 10, el hand dul8 3L, dplS 11 e fow sperating voltage dosrmine As shown

Fig. 3, e dats signas dnd 800 dpl & #hmsy be diveotly ali

Ry

reved with sach other and also

with data sigodds dn 80, dp 300 Lkewise, the dats stgmals do18 1 dpl¥ 1 may be divectly

sgned with cach other and alss with data sigasls dn i1 dp 31 o addition, as shown in Fig

. he phase shit may be maintained, s the two paies of data sigaals dod® 10, dpi& 0 and
Jdol8 L, dpis T may be pleae-shifted 80-deprees velative (o cach other sud DR-degress

fre soomyd oloek sigesl CLKI1E, Fuarber, the serond

,,,,, ek

srochv the oo voltage VD and the reforence voliage REF,

Tod
W
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and be soufigred to convert the twg pales of data signads dn W, dp W0 and d 3 dp B i

3

the core vidizge donraiy to the two pairs of data signads dnl 8l dpi8 iand deld8 3k,

7

dpl¥ il in the low opendding voltage domain,

N

{80891 The second pre-deiver chrouiivy 228 may tecsive the teg padey of data sipnals

dat® W0 dpiS ifhand doiB 3L, dpl8 11 froey the second lovel shifler oivouitey 326, snd i

SSPORSE, ponurae covissponding pades of data signaly agute I peate IR 0 and

spate R 11, peatedR 1L As shown in Fig 6, the pair of data signals neate IR 38, poatel 8 i

wty he direotby aligned with cach other, and inversely aligned with data sigasls gl

doll 1, o addition, e pale of duts shieads ngaiel 8 pete R o ey be dirsatly s

with each other; and {vversedy aligned with e datg signals Gul8 AL $pi8 11 Aldso, the

pheee shafl osay be matdaived, and the teo patvs of dste signaly sgete 8 W peatad8 Wrand

R

ngatel 8 1 pgateld 1 may be phase-shifiod S0-dogrees relative o cach mther sad 18-

ek with refurenen i the sovond oloek stgnal CLEIE,

j09E o additing, an shows in Fig. 2. the s

o pee-drtbee Slvuitey 23R ey modtve

e vistlage REF mnd the M voltage YTIDO, As explsined o fnther dotai] hadow,

the doty signals prade X 8L pestel 81 ooy be ased to tarn on aad off a PMUOS trsosistor of

the hybrad ovipat driver cireaitry 234, and the data signals ngase I3 0 npawd8 i1 may b

ased o fuen o and off an NMOS mansistor of the hvbad outpawt Grtver clvcuttey 234, The
PFRMOS transideor vowy be tvned off by appdeing & puse voltage ot the lovel of the I voltage

Y0, Sanee the roference voaltage NEF ot the brw oporating voltses level regandlesy of

o s v the high operating voltage msde. As sucly the

pass

I votisge VIRDC may be supplied 1o the sceond pro-delver cirouitry 228 in onder 10 set

By

pestteTE Wbt prate I8 11 10 the fovel of the O voliage VDD so that the PMUOS toe

I
i3

may turn off when the Sost imterface 112 3s in the bigh oporsting viltage msde,

30
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[0 Moseever, 18 Jesoribed in furGer dotat below, Sie ravisors of the seeond

atase mokle,

pad

pre-griver cireuiry 238 may e optin

wihtieh may cavnse W high of dradn-toesoures vdtage siress on the ransistors if proper

2

pi‘i“-ﬁﬁtﬁiﬁﬂ in the teassiater configuration is not taken, e W gy o take FUEEH S S B e i

e

iy be b svobd applying the gh operating vollags to the tansistors where possible. Since

By

sed 1o furn ofF the NMOS transistor of the

05 rathor thas the high sporsting vwltage may b s

tovbeld outpad driver cieouitvy 328 1y the high operating valtage wode, the selerance voltage
REF may be used 10 gonerste ngatel § i and vestel Bt Accordingly, as shown i Fig, &
they oty stgoads prated 8 W0 snd peate B 3T may Wnssition hevween the tovel of the B saliage
YV and § ¥, whereas the daty sigoale npae I8 0 and agutel® i1 nuyy innesition betwees

the lovel of theorefevence voltagy BEF aad 8V, In the low operating voltags wmods hopwevear,

the Tovels of the 10 voltgge VDO and the reforence volisge REF nwy be (e sane. Fasther

e

duveription of transistor opticniation R the low oporating voliage mods and wee of both the

W apd ©

W voluge e voltage REF fort seovul pe-driver clrombry 2381

'f'.t

provided in fucther detail below.

e The second mabiploner 32 may reocive the pairs of data sigoads ngatel8 #,

porel ¥ W and mpate B 11 pretel® A foom ta secomad proedeiver cirontiry 238 Based on

these signsls, e second multiplexsr 312 may poncrain o palr of dila
paated &, which are sent to e hybeid oontpot deiver clrouttey 338 for genoevation of the dues
stmal AT, Ag chown in Fig 5, the date stgnads ngate 1§, peate 1 are directly aligoned with

o= g

sarh other,

ELL AT Thi second muhtiphowe 213 may also receive the o

CLEIR n, CLEIE b and wse thom ss seleotion siguals i seleot whether o set the levels of
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sipnads noarc I8, peate 8o the cutpet ternvingds of the seeond woltiplexer 212} oo

el R o the fovels of the dan stgnals ngmel 8 31,
patel &1 corresponding to the data signal 11, In ceher words, the second nultipheaer may

ase the comydementary oloek signals CLKIR n CLKIE b ay selection sipnads iy onder o

sefeot oither to pass the dui signads ngete I8 10, peate I8 {8 corresponding o the dats signal

RS

Hhor by pass e data

e ohata sgnals duls siguabs ngetel® 11 pratel® 1 clrvespomding o

sigoal 1] fo the oulpd Svounals of the second maltiplexer 212

EHEE I a particulee sxsmple configunstion ax shovwn {nthe tmbng diageans of Flg §

whion the sveost cloek sigasl CLEIR {and the clook stgead CEEIE nd by hiigh, the second

nadfipleser 213 b contigurad to sof the levely of the daty migaals nae IR, prleiB o e
bevels of the data signads ngatel8 D, peatel 8 comresponding to data signal B and when

the seoond clogk signsd CLEKTE (und the clock stgoal CLKIR ) i fow, set the lovels ot the

shats stgrale ngated S, poated¥ o the lovels of the dute sigaals ngel® 1, peaelf i

o e

vorrespoading to the data sigead 1L To ensure shabality under this paetisular configueatioa,

the astes and relative phoses of the datasod olook signaly nput to the seeond nudtipleser 213

miry be s that within g olock oyvele s gl CLRAR n, during 8 firs half oy

or tirne that the clock signid CLKTR » s high, the data siprals ngate IR 0, peatel 8 10

f=

peponding o the dats sgnad B mabiiain constand levels {Le., ety are mot mansitioning

s e

frown hgh o haw oy vice versa), sond dharing g second Balf ovele or Gme that the cloclosigeel

o verkal Also

%

e

shurfog the Hest hal{ oyoie that the choek stgnal CLKIE n i bighe the deta sigrabs ngatedS 11,

P

psttelB 1 coresponding o the dats sigaal 11 oy ansition, and thely vansitions may ot

=

affiet the hevels of the dota signal ngatell, peate 1 st the outpot of the scos

X hS =

¢ sevond halfovcle thet the clock signal CLEIE n s fow, the et

S
Yot
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sipnads neatc I8 1, peate 80 coresponding to the die sipnal B may trasition, sud their

N

may md affect the lovels of the daty sigas! ngate I8, paate I8 at the sutput of the

i

fransiiions

second malisplexer 213,

[o0Rs] Ax ahe

eus it Fiz 3, the vt of the dlog

CLKIE b} omay be twice the rate of the due signals, In fdus sense, the scoond mmubiplexe

i Qoo daty rade (DERRG Dishion, siooe 3 iy oporating to pass the ke

My fnputs dabe sigoals b s outpet orminsds on bodl the rising cdye snd the flling edgs of
the clock signale CLE n, CLE b However, becmuss the tput duts signals ngatel ] 1,

& U we phased-shifled 188 degross with refivenee ol

et ever & olock ovele, the auvociated M data signals (1o, data
stgnady nwate B0, peate 35 for onue baldf of e ook ovcle may be at the same level as the
siesovioted TV dus shomals fle., Jote signads ngste 7, peate 11 T the other balf of the clock

o

ovole. Forexsuaple, i Fig &, supposs during

frost hall of e clook oyele, the oloek sigasl

CLE n s low, and 4 § e

gond hall nd the clock wecle, the olock stpnal LK o te high.

D to the PH-degree phase shufl betweon the sesoniated 1 and T dada signals, 1 the 11 dain

b N

signsls are bve durdog the first half of the cloek oyols, ten the 1 date shimads we Jow during

the second hall of the olock eyl Similarly, if the 1} data signads gve Mgh during the firg

. theery the N duts signals see high duving Gee second halt of the slock

eyl Sinve the second oundtplexer 213 operates o ool e {1 data signals when the olock

stggval CLE v is low sod o outpit the 10 dats siioals when the elock signat CLE_n s high,

j809e] Fiz. & shows a oirey

e

craatie disgran: of wn aomphe o

ther second multiplexer 212, The example siveuit configuration may inchude foor pass goates

i3
E3 ]
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H02, &4, 606, 80E. Each of the pass gates SU2-608 may nchude a NMUOR transistor and s
PMOD transiztorn, an inpal configoned to recobve one of the data signsds ngatel 8,

rinals

of S second multiplerer 212, incloding o sy owtput sevmninal 610 aod & second outpat

]

termans! §12. For cuch of the pray gates 02808, sovree terminals of ssch of the NHMOS sd

PRI teansistony may by conneotod o e inpat of the pass g

of the NMOES and PMOS transiators woay be connected to the sulpnst of the pass gate. The

("}

gate terminal of the NMOS mussistor piay configured to receive one of the o

LR nosod the beverse closk sigoal CLE b, sud the gate wrminal of the PMOS iansisior

iy be coudig

Filw olick signal CLK o and the vversg dlock

r.z

stgnad ULE b

j97] T sddition, in the soample olrouit conBigurstion of

3, b of the Toue pass

gates J03-208 my have outputs conmected o e Hest outpod torminal 618, and the wiber twn

fass gades naay | congrented o the 3¢

rored cutpat fernsinad 612, Doe of the tw

pags gates nuay be configiwed to receive an W date signal avd the otber of the b pass getes
mey b conigured torecetve an T date signel, For oxipople, a3 shoven In Fig 6, the fisst pass

gate HO2 configured o rocedve thy date sigeal peate 810 and e sconnd pass gate 6

pved 10 recsive He dats shenal peste I8 11 gy Bave tholr respestive outputs sovmeeted

T

tos the Bt ontpot rodna] §13, and the duind mos ot 608 condigured fo recetve the data

shzval mpate 8 M0 and the fourth pass gate SON configuned 1o veceive the data sigoal

Al

agatelS i1 may have their respective ouiputs connected 10 the seoomd output termainad 612,
98] Addition, for the ten pass gates having thady outputs conmected together, sue of

the pass pades pugy fave s NMOS wowistor configred o recenve Be oloel signal CLELE »

ndd s PO vans

stor configured fo roeeive the fmverse clock signa! TLK by while the

othor posy gate may heve iy NMOS transistor o

34
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CLE by sd its PMOS trsvsisior configured w0 receive the cloolt sipnd CLE n For example,

b

i the sxsmple civont

5t pass gate HO2 may inclade 8 NMOS

N

transistor M37 having » gate terminal configured to receive the clock signal CLK nand a

’JG

PRIOIS transistor MIE having o gate tepmdnad configueed to regeive the nverss elouk signad

CLE b, sod the second pass gate S04 msy include 3 NMOS mansistor M3 configured 1o

wa T

v slgmal CLK b andd & FRAOS fransivtor MaS baving 8 pals ronnaal

o . W

sonfigured to recsbve the clook dignal CLE o In addition, the thind pass gate 506 may

metude o NMOS tonsistor Ma9 having a gate terminal configured ty socetve the clock signal

LB v s o PRGOS mussistor M0 having 8 e feewinal configured fo roonive t

b CLE b amd the Fourth pass gate AR may loohude a N

3 0 repeive Sy iwvverse clook signad CLE b oand @ PMOR pavsistor M3 having o
gate ternungd condfipured o recedve the elock signsd CLK w,

?lm’f?ﬁi In S

; signl

;(»

clook sigoad CLE p s high and the inverse olock

CLE b v low, the data sigoad poatelB 10 vy be paasedd 1o the Tt ounpat tormbal 61¢ and

the date cigeal ngeie! § i) may be presed to the sevond outpad temunal 812, That ik, when

the clowk sigoal ULK n s ugh and the mvverse elock sigoal CLE_b s Jow, the level of the

data signid pgatelR proorated ot the Hrst owipnt teanungd 618 ey be avt o the fovel of the

data signal ppate TR0 and the levad of the dus wpnol ngale 18 gonerated at the second wspw

et H13 ey beoset fo the Jovel of the date g nga 8 30, o sddition, when e

s Jow and the dnverse sloek signad CLE D is bigh, the dats sigosd

3

¥ be passed to the first output tevminal £10 and the date signal ppatel8 31 may

4

b passed o the seeond cutprat sevminal 612, That s, whes the clook signsd CLE s tow
and the dnverse cloek signal CLE b s high, S lovel of the data sipnsd poate ! 8 gonergted s

the: first outpg termival 614 niay be set o the loved of the St signal pasied8 1 sud the leweld

35
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of the dut signal ng

sz
‘:ti
#z

£%
=1
(3

erated a8t the seoond output fenndnal 612 may be st o the lovel

of the dts signal npaie 8 11

[B0IM0]  Reforring back to Pig. 2, as proviowsly describad, gonersting the data s

2 -

using the seoownd crivton] path and the seonnd cloek stgaal CLK I8 may provide s shoeter loop

detay conpared 1o gonerating the data signsd DAT weiny the Hrst oritiond path snd the firgy

s ULE TS This may b ach ¢ socond multlpdexer 212 v configural

direcily bohind the hybrid ootput deiver clrowitry 234 (e, the ootput of the mudtiplexer 212 18
conmectad Girectly 1o the gt of the hvbnd owtput civestry 2243 When e second

wiipleser 213 gererstes the data signd gate IR wving the clock sygaads CLKITE o

-

CLEIE b, dwe dama sigoal gate 18 may be outpat divecdy o the bvbrid onetpat deiv

234 For geveration of the Sata signad DAT, o other wovds, when the data sipnal gated8 s

generated by the second mubtipdexer 212, the cwouit comnponents of the second dais path

g

{includisg the fest nudliplosee 218, the seond Tevel shifler clvcniiry 226, angd the

%% o

with fhe vbrad outped devver cirowiiry 3340 In contrast, when the cove logie Cicouitry 188

gonsntes the dun shemal 1 with the Hrat clock sipnd CLKE, the oiroull componenis of the

the st multipleocer 218, the Hirst bevel shifler sivcutiey 320, and the

firat predeiver ciroudtey 233} sre YusreaBer nsed to oosrven the daa sipnel 12 to dars signalx

agatedd, peatedd In order for the duts signal BAT o he gorgratad with the hvbrid outpst

[LGIREEE S ey

sthal evele

eritival path, the da of the data stpvals ngate 18 _H paate T80 Grhieh tead the data
signsls ngate 8 1 prate I8 Y may be ssestved by the second pvaltipleser 212 (e, the duts

wilable fo the second maly

ey e wmande o

oxer 2127 at Ieast one half ovele of

e

the second clock signal CLKIR befioes the tnitial eyeles of the clock signals CLKIE 5,
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CLK b rvbve at the seconsd madiplexer 2130 Ty ovder oy s o happes, the coss fogie

2 bk to the clovk-semding systom 1

gt
4
]
i
Z
r:

before the wlook

Coloek signal CLE sy (or st least the

portion of the bost clock signal ClE ey that 1 be osed to conununionte the Jdats haek o

the clock-sending systom 1025 In sdditton, sven 15 the second erstioad path i3 exabled and

rerated and sen

sed fo generate the date sigoal BAT, the Gestolock sigaal €

Wl
Fig

1o the cove lgie eiroutiey 166 for geveration of the data sigosls 10, 1L This s shown v

3, weith the second Schandt igger 208 being condigared to owtpust the clock sigos! CLKA3 w

clipiry 214 of By second eritical path and e olaak fovel

shifter cirowitry 309 of the first comtiva! path, The core logie circuiiyy T wiay nse the find

clock sheval CLE1L2 1o ponerate the data signals B U, ad may do soa sufficiont st of

time i advanee of the geverstion of the data sigmad DAT such that e fnitled oveles of the

i {wehich lead d dats sigaals ngatedS 11 paste ¥ D we

& at {oast one hadl oydde botore (e atial oyeles of the

cloek sigosls CLKIR u, CLEIR b {or at least ulial ovoles of those portions of the clock

sigosls CLKIR n CLE b wsed to communiosie He dats back to the clockesending system

1823 are recetvied by the second mulapheyer 213
(BRI The hybeid custput driver clvcoitry 234 sy roferved to s a “hobend” fo et B

prchudes two chroolt portions, 8 vt clread poviion that sencrates the dats sigoad DAT on the

oo made

dista Hoe TR whes the host interfisoe 113 8 oporating in the high operating vobis

&

af AT on the dota line Y[ when

?

the host devfaos 112 I8 operating in the ke opes e rnde. In the high operating

voltage mods, B first clromit portion pury be enabled or activated to gonsoate e dats sigosd

DAT, while the sceond wircull portion may be disabled or desctivated. On the other hand, in

IF
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the low opeisting voltage puwsde, the second civentt portion may be ensbled ov aetivated w

Feed o denstivated

guranate Y odata signsd AT, while the §

[BIN3]  Fip 7 shows a cirowit schematic diagram of an oxample circult configurstion B

the hybeid outpot dedver elreuitey 2340 T the example clroult configuration shows in Fig 7,

gach of te Hrst and second eirowt portions may be coniigursd in pall-apdpull-down
vonfigueations when activiled, That i, whon cach o aotivated, g o o generste the dasa

signal DAT, the st and second oirowit portions ey ] ap the lovel of e data sigos! AT

o the feved of the 1O voltage and poll doven the level of the dete signal DAT oo low §

such as grovred.

&

(SOG4} The {irst circult povtioe may cdude a Beay PAMOSR transistor M6T and a firg

MAMOS tranzivtor MEZ, The fst PMOS tonsistor Mol may bave & sourcs tenminal

configurad i recerve the B vodtage VRN, @ gute sevmdns! conBigured to recstey the daty

o

stgnal prasedd, aud a deatn tevminal orpdad o a sode O cosmectod 1o the Sute boe 11

where e dote sigaal TAT & gooemiad, The Gest NMOS ransist

v MG sy bave 8 siugee

erminal oonaecisd o the

arsaind roference voltsge OIREY 3 sty tovminal configared to

e the date signad ngate

Cirnd a dvwin ferminad coupled foonode O As proviously

deseribed, data sipnads peate33, ngated3 may b directly aligned with cach other, Whan the
data signaly spasedd, poatedd are ot their hgh dvels, the S wransistor MET i« tormed

Off arad the Pt NMOE transintoe MAT sy be turned oy, poelling dows te voltage Tovel of

the data signal TIAT 1o groumd OGN

are st their fow levels, the St PMOS #

sransistor MA2 miy be turped off, potling wp the voliage love] of the data stgnad BAT s the

T

fevel of the 1 voltage VDRI

hide » soooad PRMON msistor 363

[SOINS]  Similarly, the scoomd Clroult postisny may

and f sevond NMUR transistor M4, The secvad PMON insnsistor MOY may have 8 souree
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2

£

serminal confipred W receive the 1) voltage VDIX, & goe torouinsl connsoted @ receive the

signsd pessel B, and & drain oo couplad to nede O The second NMOS transiste

AMET miy have g sowre ermingd cospected o the growsd sefesenes voltage GND, & gt

=

L As provieusty deseribed, duin signals paate 8, spsted 8 myy be divesthy aligsed with saeh

£ =

efond PAMOS

nther. When the data dgnads ug 5, the 3

18, peade IR are ot fhelr high kvels
transistor M3 may be turnsd of and the second MMOS ansistor Med piay be hurned ony

pulling doen the voltage loved of the duts sigeal DAT @ ground GXD. Allernatively, when

the dats sigoads ngated§, ey bow Yeveds, the seoond PMOE wansistor MES

vy Be turted oo and the second MMOS teansistor 864 way be suenadd of], polling vp the
voltige level of the data signal DAT w the loved of the 10 voltages VIO,

IB0T06]  Ax provioushy described, when the Sest olroudt portion 18 activated e seeond

annd, and viee vorsy. Aconrdingdy, T the higgdh opes

volage node whern the Hest tronsdaies MO ME2 are polling up aod down the lovel so made
C s gonerate the daty sl DAT, the nes ihat supply the Jdate signals pgatel, ngaeld w

the gate torminads of the secomd tmmsistors MAY, M3 pmy bo sot o voltage bovels that um

s MG, &

off the secomd foans

w1 For exanple, dada signgl poste 1€ miay be set o the IO

vadtage lovel VDOt s ofF the sepond PMOS weasiaber M3 and dute nigog! spawdd

oy Be set o the peound refirenes vobage GND (oo, 8 V) o tnen off the second NMOS

fransistor Med In iy wan, whien the host oterface 182 3500 the high oporsiing voliape

R

mode, only fivst ransistors M61, M2 ars being used o ger

erate the dota signal DAT ow the

chata Yine PIAGT Stmibaedy, tnothe b operating voltage mods when the second transistoss

P

[

RI63, MG are pulling up and down the fovel on node O powerate the dats stgral DAT the

ey thit suppdy the dota signsds peatedd, ngaie33 to the gate toroinals of the fret tmnsistons

g

A6, ME2 may be set to voltage evels that tuen off the fist

. For
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sxsnple, data signad poatedd may e set t e 10 voltage lovel VDO o e off Ge fisst

FMOS transistor MoT and dais sigmal npatedd may Yo ot to & w grourud referene wsﬂ,h&g
GIND e, 8 V) to turn off the st KNMOS transistor MO2, In s way, whey the host
fterface IR iy in the baw operating voltage muode, ouly seoond toansistors MO3, M6 ars

hetng vsed W poverate the dice signal DAT on the data Hne I

BT Refoening

2. when the host lugerface 108 1% io the high dporating

<7
=

,,,,.
.uv

tage wode, the Nrst maltiphexer 218 may be configured o sl and nundain aperopeiaie

als dn # dp 0, sad de 1 dp ) o owder @ Reep the second

i ontgre driver otrepitry 234 Grantivated wiale e st i

fing voltags mode. Additionadly, the sconnd clock detver vhrogd

1, bty
dizabled, iy be oonfigered (o sot and msistain the level of the olook signad CLELE, and in

ten the oloek Buffor 210wy by configarad o set and rosintabn the lovels of the

pomphimontary clogk sigaals CLEIS o ULKIE b w spprogrsiie AL G FROi

of the data signads syateld ML peatel® ¥ o ¢ cinnpiimonary

cloek sigasls CLKIR o, CLEIR, the sevond mulipleasr 213 sots and muintaus e data

signale nuate 18, peate I8 af fevels thet desobivade te secomd portion of e hyheid ouipat

o

driver civeuitry 334,
[BOIGR]  Refoering back to Fig. 4, in the high operating voltage mody, the sscond eiack

dyiver clropdtey 214 may sot sod ssaintain the elook signal CLRLR &t the reftvsacy vollsgs

level REF, and in tumn the olook boffer 31 may set and susintain the comaphirmentary clock

signals CLEIS 5, CLK b at the reference voltage level BEF and 8V {Le, the low voliage

v the exwnpde cirouit configurstion of the seeoud multipleger 212 of Fig,

may be st by levels of the 10 signads pratel8 0, npated8 1 ¢

40
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o~ 3

voltsges of poatel¥ at the fivst output tovonns! 510 and the voltage of npate ¥ at the second

63 and the

erngrrad 612 deactbeate {0,

» trivwe i} the second PMOS inmsisg
cotrd WNMOS tpansistor MO of the hylwid output driver cirouityy 234 {Fig. ), respaetively,

the voltags of prate T8 may be st to the e voltage VN aud the voltege of sgete I8 may be

sebio § V. In ovder o have these voliag dy, the fiest onduplexer 218 nay s
o and maitany di 10 aod du 1 at she high wishtage fovel in the core volage domadn (L, the
sore vollage VDD and dp #haad dp 1 st the Tow voltage Tevel 1o the cove voltage domain
(Lo, VL In respouse, the second Tevel shiffer ciroutey 338 gy set foand maintain

BRI and dnlB §1 ot the selirence valisge lovel REF, sad dpl® 0 snd dpl8 il @O W

e

st

o

apshy described, the second prodebver ciromfey 338 may very the levels o

ks, Aceoedingly, the second prosdriver ciroustey 238 muy pull down da_ B asddn il o

L ¢

genoraty ngate 180 and ngate 18 1Y, respeotively, and way padl ap dp i and dp i e

2

gonerate peate iR W and prateil 1, respeotively, In addition, whew generased, peatedS @

sod peate DB 1 oy e pulled op o e level of the 1D welinge VIRERD rinther than the fevel of

] s,

the seferenve vollage REF so that seoovd PMOS traosistor ME3 of the hybaid vutpat deibver

slrouitry 234 fis high opemating voltage maode,
[BOHEY Foa wimilar marmer, when the bost interfisce 112 38 in the fow operating voliags

miodde, the fess muoltiplexer 218 may be configured o5t and mabain apprapriate vol
fevels for the date signals da 12, dp 33 1o ovder o keep e vt oirowit portion of the toheid
autpat deiver cirowitry 334 desctivated, As shown in Fig 8, the Sest oudtiplexer 218 oy be

toe set and maintain dn (2 & the cove voltage lovel VDD and dp i3s3V In e,

¢ fivst doved shifter chrowitry 230 may st aod maintain dad

&
o
“
prr ey
=

VIS0 (which s heve the Jow operating voltage Tesed, and dp33 st 5V, In vesponse, the first

pro~driver clrouiey 222 may be configured to sot and maintain ngetedd st 0V and ppatedd at

S

{he fovel of the |

13 voltage fevel VDDO {which i3 hers the Inw

43
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pasiedd s the B volage fevel VIO and ngate33 ot OV, the fsst PMOS pansistor Me and
the Hrst NMOS wansisior MO2 of the fyteid outpst debver oironitry 224 (Fig. 7) ey saeh e
deactivaied (Lo, tummed offh

BOIH0]  As shevew i Fig, 2, the come logie oivenitry 106

stgreal QF that eondipuves the Hrat mabipleser i eitior o first stafe sssoviated with the gh

X

fate axseciated with the low operating voltage mods.

,‘1n
’-f/

npersiag wdtage node or & seond ;
Wher the oo fogio oirowsiny 106 detevmives that the host inteeface 108 & in the bigh

operating vollage mode, e core logle cirouttey 106 mgy outpat the Suta peth control sigaad

{8 o the Hest muhipleser 218 such that the feaonutduplexse

obs snd maintales the appeapeche viliage I

deactivated. Alornatbeely, when the core logie clrouitey 106 determines that the hast

fnterface TON i in the low opovsting voltsge wiode, the core lagic clrouitey 1O mny onpat

the data path conmtrol signal OF tis the | Z1E such tha the fest mukiplexer 218

configured b the seoond stale and sl ond mundaing e appropriate volisge lovels Ry the

ortion of the hybrid outpast deiver

data signadsode 33 dp 12 novder o heep the fest

cirenitry 334 desotivaisd,

[BOTEY]  The transistoes of the feet and second dan paths ipdy be of the sames tvpe I tha
thy may hove the same g widihe, by one exonple configuration, where the high and low

. the gate width may he 35 Angsiroms

apersting soltaees are 33V sod LRV respex

tzed for the

{ﬁ;_}, However, due to capacitive loading, & transistor having a gate length op

s

High operating voltage mods may provide an neresed srpount of debey when seeitching

2]

the low oporsting voltage mode, That §s, a tnwwsstor with 3 certais gate fength may hove iig

at the high spersting vedtage hevel, the ransistor gy provide s oortain delay when orning oy

43
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and off to drive an ouput signal W high and lew lovels. However, due o the oxpavitve

osding s the output, when the 10 vodtuge VI s g the low operating voltage Jevel, the

N

delay provided by the transistor when turnimg on and off 1o deive the output sigaa)l o the bigh

,,,,,,,, \ & : Fod

soane fransistor techaodogies, In

goneral, veducing the gate Tengh may sorve 1o redoge the doly, However, e

s

dratn-to-source breakdemen vidtsge may alan be reduced. Deponding no the raasinior

techaology wsad and the voltage Tovels for the Drest and second operating voltages, teducing

the gate longth o optimieze For the lower operatiug voltage lovel ey viold o deadustosoueee

7

wox that s alwree e breakdown dometisspurcs vodtage,

4

for af lenst somie of the fransis

P

cousing the nsiston 1o experisnes too high of sl s and break dow

{8083 The gates of both the first PRMOIS aud WMOS wansistors ML, M2 of the hyiwid

custpud dedver cirawtry 334 and the second FMOSR nad NAMOS tunststors M6
havve the same gate fength, which may be optimized for the high operating voltage lovel. The

gate longth optinuss erein refirred o as the

d fo the high operating voltage leved sy be |

tonger gate fength, To optimire for delay, the gades of G tronaistors o8 the st pra-driver

o

2

sirg

iy the flest Sevts peeh may be conligured with the Jonger gate Jength, Howewer,

the pates of the ansistors of the second pre-deiver circuitey 228 and the ssoond muoliaploxer

212 o they seoond data poth may have gaie longths optinieed for the ey operating vl
hevel, The gate Tongth optivazed for the low operating voltage loved may be herein velorrad o
as the shorter gate length,

BHEY  As proviowsdy desoribed, in the high operating voltags mode, the ssoond

pee-adviver clreuitey 238 may outpat prate I ifand puate I8 ot the high operating voltags

teved dr order o have the seoond PMOS ME3 of the Tovbeid vuatput drbeer civenitey 224 furned

off As such, at lonst some of the PMOS vansistors of the seormd pre-driver cirowitry 228
may have souree terminals configured to mosive the IG voltags VRO in ooder to gonerate

a
[2¥]
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poastel 8 0 and prate 8 G1 ot the high operating voltsge Tevell Frr order yo provent the

¢ 228 bhaving the shorter sate lengths from

@ sevond pre-driver o

[B01E4]  Fio 8 shows o olvonit schomatic dagram of an ouanple civeeit configuration of

the seeowd pro-driver oircuitry 228, The example ctrouiy conligurstion may inchsde foar

peo~driver oircuits, including 8 Bedl pre-deiver obront B2, & sevond pre-deiver choalt 804, &

third prsdebeer civoudt 806, and o fourth prosdrver cirondt BEE. The Tret peoediiver cirouit

N

SO may by configured 1o recedve dp i8I0 sod output poate T8 1 the second pre-driver

chrowit 04 msy be configorsd to rooetve JoIS 1T and ongput prate R 11 the thaed procdevvsy
i B0 ey e configaeed to recoive dalS 0 aned output ngate o fongeth

preedriver clrouit BO8 muy bo configored o recoive dnld 31 and ontput ngste 8 1L

ISOTES] The fest grosdover civeuit 80T niay inchide a fest ransistor clreuiiey inchuding
fivet PREES tronsistor MIT and 2 sesond PROR gan o ransistor shvuilry

ncheding & Hrd NMOS raostste M38 and 35

e

ovd PMMOS troveistor M29, and thind

transistor ofvowitry mchuding & thard FRMOD tngistor M31 The socond peesdiver cirpust 3

maey snclude g fesy PRIOS tresmmistor MY, sosecond PMOS fransdstor MAS, o first MNMOS

tronststar MR, o osccond NMOS wansestor M3, and o thind PMOS ooz M3 Ax

B2, 804 may havs

showen o Fig, ¥ the transistirs of the et and second pre-deiver gire

ahy, For simphicity, the tansislor configuration awd

apsrstbon of the et and second pre-driver civonits B2, 804 v made ande with reference to

the first pre-driver circuit 302 but is equally apphivalde to the seevand pre-deiver cirouit 804
BRTES]  As proviously deseribed, pratel8 10 penevated af sy cutput toominal B HY may e

putied op fo the Sevel of the 1O voliage VDO rgher than the level of the reforence vollage

REF in onder 1o twm off the seoorsd PMEOS

. Thofthe hyieid owtput deiver

Y pransistors M27, M3

44



WO 2017/074592 PCT/US2016/051840

may saeh have Sedr searee teominsds configured to recstve the 10 voliage VRDGOL In

addition, the st PMOY tansistor M27 have s drain tornnng! eonnectod o s outpat nesde

of the outpot terovinad K1Y and iy gade torminal convented to an fnpat 812 of the fiest pra-
drbeer cironit to recetve the Jdute signal dpi8 Y The second PMOS wunsistor MM sy have

its dhrain tervinad conmectad G the outpt tevwminal RHE and i gele toroungd sonpected o the

ot

5

sy have iy deain ermisal

referonee voltage REF. 7
conmcted & the oulpat node of e mutpat tormdual 81K s source tormimal ormeeted © an
mrernal node of the second tansistor cirouitry, node D asd i gate tenminal conpected to the

refvence visligge REF, The ssoond PMOS massietor MY sy Bave ty deads sovnunst

comnoctad o mde I s source ferminal comneoted 1o grovd, and s gak fonmdaal oomeste
oy e npat tonodnal REL The tund PMOS tosistor M3 onay bave 3 deain torminal

compeeted 1o the referpnce voltage REF, ity source ermisnl connevted o node T2, and Bs gae

PN

termsing] alse gonmented to e bipog tornunad 813 and comtinrad @ reoebve the dats sigasal

IRREET] o the low operating voltage swde, both the Tovel of the 1C voltage VRO and

Fevel of the refmence vollsge BEF maoy be at the Tow operating volinge level. Adso during

\._

oporation, the dete signal dp iR may ransiton bevesen the level of the reference voltags

i

REF {ite high fevel} and (¥ {ue Tow lowel), When the duta spoad dpd &8 83 highy, the fiest
FRADS ransistor MIT may be turned off The socond PMOS roesistor 330 may alse e off

R

NRMOS transistor M2¥ may be nened on and the thivd PMOS nusistor

ground,
A vy be turned offl A vesult the bevel of the date sigual praste T80 generated at the
owtput level may be pulled dowss OV,

ISOIER]  Allomastively, when the date signal dpiB 30 iy fow, e first BMOS trapsistor M27

iy e ened oo, pulling wp peote !SI0 at the outpat weerdnad B o the lovel of the 10
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voltsge VDO, The second FMOS tansistor M30 may be offl Additionally, the second

N st M2E oy be fumed of]

tow W29 may be tormed of . The first NMOS tras
agd may further cause the vedtage at node D to be about the fovel of the referance voltage

astsistor MIE, With the data s

al dpts W

hatng lons, the refersnos voltage REF o the degin of the thind FMOS tansistor M3 nay
vanse the veltags af node T {n dnorease g lovel abiod where the Tevel wiould be i the thind
FMOS teansistor M3T was not part of Sw olvowit. Adsugh nod ovitiosd i G low oponating
voltage mwode, this noerease in voltage o nosde 13 may reducs the deadneto-soures voaltags
aveoss the fiest NMOR gansistor M2R, wiich may provest brestdown in fhs hagh operating
vollag wods as desoribed nexi.

[S08E9]  Buihe high operating voltsge vwde, the kevel of the 1O vollage VDN vy be &t
the high operating voltsge vl sad the lovel of the seforence voltage REF miay be st the fow

speneing wdage vel, Adso during operation, the data stgnal dptE 8 may be set aad

waiained 2t 8V The fest PMOS waveistor M2T may by turned o, pulling vy pgated8 {0
a the putyst ferminal 816 e the level of the B3 vollage VDDO, Depending on the

choractenistios of the ransistovs, the second FMOS ansdstor M30 nay be onor off, The

secoud NMOS runsistor M9 may e tumed off. &5 i the low oporating voltagsy mode, the

w9t pode 1310 be the level of the refvrense

)

firay MMOS reansisior MIE ragy couse e wol

voltape REF s i gate torminal loss iy threshold volisge, T the differencs botweon G lovsd

af the W volinee VRDO and the level of the refirence woltage REF s grost encugh, the

=

N

sonrve-io-drain vol Eﬂme across the pate fone £,

o~

mary b abose the breakdiran voltage. The refires

terminal of e thind PMOS sowwsistor M rosy inorsase G volinge lovel 93 vosde TV in ovder

{0 regh

@ the lovel of the disin-to-srares vorltage sorses the frst WMOS insistor M2IE from

. The movease

where it would be i the third PMUSS M3 way not part af
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of the voligee &t

T

o

wsde 13 ey e sueh that B dedn-to-soures voltags soross the st NMOS

trams

r M2E v at e sal foved below the broakdows fovel, Ax g roady, by including the
third PMON rsnsistor M3 and conmorting #ts desin 10 e reforence voltage VREF, the fins

pre-driver cirens? 802 may be able to safely operate hoth wdhen the IO voltage is at the low

e

gporating voltage ved sod the Tigh operating volisge level.

I The thind preedriver oirouit 886 may nclods a fest PMOE transistor M a

AAOS fansistor

sspond PMOS wangistor B2, o Heat NBMOS tronsistor M43, and 2 sevond
B4, The Soweth prosdeiver clrouit B8 may chade g fest PMOS transistor M43, 8 second

FRAUIS ransintor WIS, & Hrat NRMOS sansiy

w MAT, andd 8 sepond NMUOUS ransi

As shiown i Fig. 3, the sransdstorg of the thicd and fougth proadeiver ob

hasve the srane oircutl configurstion. Acsordingly, for simpdicity, the ansisior configuraiion

saed cperation of the thind and foorth proabriver chrouits 306, B8 i made only with referenee

o the

ok BOO e i egosiiy spplicabls 1o the Senth pre-debvgr clesult BB,
BEIE] The et PMOS Duosistor M4T oy mcluds 3 soinee orminad configarsd to
wmepive the reforenes vollage REF, a drain tavunal connected o8 sowres tevminsl of the

seeomd PRIOGS transistor M2, sod & gate torminal consected o an inpast fermoinad 8Y4 of the

third pre-driver irvai 3 and condigursd to mecive the dete dgnal deld 8L In sddition

f=

having #s source sl conasoted o the deain rermud of the st PMOS tansistor M,

th secoved PMOS trensistor MAT may have s gats teominal comscted fo ground and Hs
drain sorminel conneeted B an outpet tenmdned 818 of the third preedriver cironit 806, where
the data signal ngetel & 8 s generated. The first NMOS trarsistor M43 may include a drain

terminal conpected to the cutpat termsinad 18, sowree omanad connected W ground, sud 8

gute termival connected to the inpot ormingd 814 snd confipurad W receive the data signal

=

dnl 30, The seoond NMOS pansistor may nchude w drain teroingd connsoted & the suip
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terminal 818, & soures tenwinal compected 1o ground, and w pete torminsd also comested o
grousul.

[60122]  Since the M) voliage WD by not applied 1o the thind pee-driver circuit RO6, the

third pre-debvee clveuit may oparste b S same way i both the bigh opersting voltage sde

1 the bvw operating voltage mode, sithough ss provionsly deseribed, 3s the low sporating

-

volage wode, the dob the kevel of (he celiromce voltage

BEF (s high Tovel and O F (s Tow ovell, wherson in the kigh operating voltage mods, the

data signad doi8 0 s held high at the Tovel of the reforence voltnge, Further, sinee the 10
wodbgs VMDY i sudd applied o the dund precdrivey clrcalt B0, the fansisius

be onfimred with the shortor gate lengths withowt cineser S broakdows,

{80823 Whew the dase signad dnlB 18 is Tugh, the Rrst PMOS tronsistor a1 i tumed off

st the first RFAOS wansistor Ma3 is maned on. The second PFMOR transistor Ma2 and the

o M sve torned o As 2 vesaly, the loved of the duta siassd

sevond PMOS fran

ugaelS 10 gonerated & the oot feeoningl RE6 s pulied dowa o ground, Altormatively,
when the daty sigoal dad & 0 i low, the Oret PRGN trausistor 3381 s tumed on and the et

NMOS trosastor Ma3 s tumed off. The weeond FRMOE franstster MO & tovnad oo and the

FOS tramsistor Mad s tuned off. As 2 resud the data signsd

4 b g pulied up toothe level of e referenie volisge REE.

[B0124]  Beforving to ol Four of e pre-driver sttt 800804, te gute tonminals of the
sevond PMOS taostaiors M30, M35 and the wate terminals of the st NMOS unsistors
RMIE, MAT of the Heat and ssoond prosdeiver clrouits 8G2, B are shown as recaiving the

o

veference voltape REF, Additionally, the gate terninals of the sccond PMOS transistoss

B2, M6 anad the gate wovminals of S second MMOS transistors M4, MEE of the dund and
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P

s pre-drbver obouits BE2-R0R0 Adbustment of the sutpat

impadanes of tedr rospective

geound sccordingly. However, i other spplications where adiustyner

lewivadle, rather than be bavdeoded o the referonee voltuge BEF and growsd, the gpate

fonminals may be conneciod o onwtne voltages that may be se v e oo

togio cirvoitry 106 (Figs. 1 and 3k to higl or bew lovels i order for funy oo and ofF these

trsessrstons o achiove destred outpat mpeda

[0I28] P ¥ shows a flow chaet of an exanyple method $00 of & cliwkae

germtating ¥ dafy sgoal e conununioatiing ta g Jdaty Haeto s oliwkesend

hlook B03, vore Togle cirouitey may deterndoe that s host isterfice of the clock revening

n §8 operating e low operatiog voltage mode where so B volinge VEIDO is st s low

openring wetage oved rather tha tn & high oprrating voltsge avade where the 10 voltage

=)

W fe al o high opeeating valisge bovel o rogponse, the cove Nytio cironitry wiay cuable g

ssepond critical pash for genseation of G data signal. Tn aome example methods, e core

ysad that disablexs

b3

fogsie efvoniry omay do s by yonerating smed outputing 8 path enehle

fiest Schoaitt g powsred by the 32 volisge and voabling 8 secongd Schynilt irigger and

click deiver olvcudtry powered by arefirencs visltage. I sddition, at blook 9402, in seder

cably the second eriticsd pagh, e core logie ciroaiiny may abso oatpat te path coable signal

oy configure reforenee voltage sereration circaiiry i penerate owd outpat the eforenes

<
g+
o
e
£
ki
(1]
B
=
w

> the bew opeyating vobtage Tevel with the W wnltage ales boing ad the |

e

PRE26] AL block W, the sovond orities] path, boing cnsbled, may receive @ bogt eloek

.

sigmal on 3 Bost oloek Hoe, penerate a pair of complementury slock

al, and output the pair of complement pnals (o 8 oudtiplexer. In some example
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methods, this may inehude the sevond Schoudt wigger, boing enabled, vecotving the bowt olock

ending systern. In vespanse, the seoonsd Sclmit irigger
may sensrate 8 fiest clock signal based on the bost clock signal and cutput the first clock
stgval W the olook driver eireaitry. T rosponss, the clook driver olrcmitey niey genersie 3

second clock stgveal hassd on the first clock dviver civouitry and output the second clock

stenal fooy olook buffer. ln wesponse {0 reveipt of the secomd clock xignal, tey slock bufler

p

iy generats the pate of consplementary signals based on the second clock signal ad oipat

the complementary siguals 1w the moltipleser,

[ROI2Y A block MG, the wmbtiplexer ny reoeive e pate of complementiry signals and

for paies of praecdiga signads, ool

sdiaag o Gest patr of pro-data sigoals amd g s

rond iy o
procdate stgeads, The term peo-cady sigoad voay refor b a date sigeal tat nchades data o be
sent to the olock-sending syston and that i genemted by the clookenseetving syatens before

"

sad i order B e dda signd To be geperated and comainicated on the closk

w. The frst

paiv of pre-data signaf may b di e with each other, and the secon

i pady of peee

data signals may be divectly aligoed with cach oiher. T addithon, ax previoasly desoribed, the

First perr and socond pair of pre-Qete dvals may e phase-shiBed relabve fo sach other by
B-degross relative W osch other, o 18E-degrees relative 1o each other with reforence trthe

vpdeneniary clock signals. Doe to the pliass shifl, the G pair of pre-dats signade seay

Resaaed the spcond pair of pre-data signals,
(IR o adidivion, the rate of the complomemary olook stmaly meay b twvioe the e of

the frst and seosnd paie of pre-data vignads. The selative rates and phase shifls of the par of

o~

coyrlementey clook signads and the Srse and second pairs of preedate stgmals may be such

that for cach of phality of Goek sveles of the clock signuls, during s Hest half of e clock

Rading fiest padr of pre-dats signals nay ma
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paiv of pro-dsis g

sraly may teamsition ther fevels fle

fj"'

ring ¢ sevond balf of the clock ovcle w

the secownsd is B zing second pair of pro-dats sizeals may maintaig @ constant level

Hy

whike the leading Grst pair of pre-dote stpnals may trausition their levels, At

ek 08,

s oyeles of the loading fiest pair of pre-data signads may be roeetved by the padtiploxer st

e of the sonspiernentiry slook signads befory nitd ©

conyplomeniary olook signads are revevved by tie multiplexer,

JRRI20] A block SON, the maltiplexer ey poverste 8 thied pair of pre-daty signals based

o receiving e conplometaey elook sigrnuks and the gt aned second padts of poe-data

signals wily the

P2

stgnaly, Inoscone example methods, gesersting the thivd paar of peo-daty

nndtiplexer ot Mok S8 may ivchade: s cach ovele of e complomentary X signuls,
diring & first hal¥ opele when the fvst cloek signad v fagh sad the second elook signal s Tow,

sedting & voltags oa the

&b

ik,
bt
o
-y
|4
o
;‘L
’;
.r/
s
7
“
£
[
fac
pod
=
el
el
T
e
o)
o
fowc
fecy
5
-
=
e
pmpid
e
el
e
[
¥
P
<
2
2
el
e
P
s
pad
e
z
=
fed
]
s
el
=
p==

volage ovel of the st pale of pre-dats stgnals, sod ditag 8 5

o

cloek sigast 19 low and the sepond clock sigral i high, settheg the voltage on the Hestand

seootud cutpas of the multipleser oo leved that matches o voltage lovel of the second pair of
pro-data sigaals, Also, ar Mook D82, the muoltiploxers mwy oadput the thind pair of pre-data
B Ad block 818, the outpat driver circuitry may genorate the Jads signal on the data

Hove d reaponse to e thivd patr of pre-data stenals, T some eoxamgdde methods, 85 ponsmste

voitage fovel in respouse to the thisd padr of pro-daty signals being o thely vespective byw
fovels sind ray poll dewn the volisge fo s bow lovel {ogy, grounsd or W) in vespornse o the

third padr of pro-dats signals being at their respeetive gt
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HE shows a flow chart of ancther exmnple oethod 1000 of 8 clock-recaiving

ing & duts signal for compaaicaty

Al Mook 1002, core kg cirowitry of the clock-receiving systom may peperats a fing patr of

ot
4
e
A
Vi
=
2
bl
.,..
v
";
m-.«
ﬁ N
e
=
sl
b3
,«.
55

iy or casrving data Siat is 10 be sent to the clock-sending svstem. The

core WeEio Cireniey may genessie e first pedy of pre-data signsls in 3 core voltage domain

(—,

ssspciated with 2 corw voltage YD, In some exampl wethods, the core logie olrouitey saay

i

gensrate the feet pair of pre-dete stonads using a St olook signad goscrated with cireug

componens of a st oritios] path of dhe clocksrecctving sestom. I additio, i some

examyple methods, Mosk 1002 maoy abso mwlade genesating the fivst clogk sigoal with thw

i)

ciroiil componsnts of the et oritical padh bisad on rocelps of & host slook signad oo 2 bosy
chock Bne, For exanypte, o Sohonitt trigger, boing powered with o referenve vollage REF, may
receive the host clook stgnal asd Gy response, sutput 3 seoond olock sigmd o olook beved

shiffer cirvustry. The reforsnes vollage REF may b 52010 a low operating voliage level of an

3

Hate betwoes the kow operating voltage

)

I volige VOO, The second clook signal sany oscil

'f'./

fovel and & how Jovel {o.g, B VL The olook lovel stuller chrowitry may ponerate o Sund aloek

sionsl that s o dovenesiufied version of the

o

and olook stpnal, For example, the olock lewdd

shifior ciroutiry may goneraie the third olock signal by down dhifting the second clack signs!

from the lny operating vohlage domain b the eove voltags domain, The claok v

clrouitry sy ompad e thind clock sigaad 1o fiegt clock drdver cirouitry, whisd

penerate tha

[E32]  The rate of the wvad sy bt ties Saster than te rate of the fist
paiv of pee-date sigeals. o addivion, de fest paie of pre-data sigoals may be phase-shifted

relative (o cach other by S-degrees with reforencs to their rate and 1 80-degrses with

,,,,,,,, ¥

reforence G the vate of the fvst olock sigasl, A St pre-data signsd of the st pair of pre-

~

¢ load 8 sccomd PR gt ‘slk‘ 1al of

’}i
w
=
L
.
2
o

data signals th $iest pade of pro-dade signals, In
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addition, st blook T2, Be cors logle cironitry may output the Hest paie of pro-duata signals o
a first dids path

[B0I33] At bleck 1004, the first data path may roostvs the first pair of pre-data

i response genente 8 second pair of pre-duts signals sssociated ity the s pre~data signad
ol the Hirst pair and & Jurd paiv of pro-dets sigeals sssociated with the second pre-slata signgd
of the fvsd pate, The pre-dats sigoals of the sconad el maay e divectly abigoned with vach

other, and the precdata stgnsls of e thnd pode may be direcily aligned weith cach other, Alsg,

wd velative ws each other in e same way that

i

the second swnd tivd paars soey be phase-shi

the first anad sevond data signals of the st pair see phase shifted relitive 1o exch other.

B3] Dnsonw

cnphe ety

ods, af bk 1004, & et nurbiploxer way revetve the fisst

pasfe and i response povnste @ fourth pair of pre-date sigaaly associated with the Sest data
stgvsal of the fivst pair and 8 0h pade of preediats signals associatiod witl the second data

signal of the frest paie. Not only muay the Sest ovaltiplexer be sed 1o convert the first patr of

pro~duts slgnab bato the Gmath angd B8D pate, but Halso oy be w ok between the

first data peth and @ second dats path bodug sotivated. The oxample wethod 18050 nmy be
used for whan the clock-reoeiving sysiont (8 oporsiing n 8 by opersting volage vwde

5

associated with the kew operating voltaps Jevel of the 30 voltage VBB In alternative

matheds, whan G closkersociving sytem 3% operating i s high sperating voliags meode

sssocted with the IO voltges VDO boting ats high sperating voliags el tie

Lo fou

madtiplexer may sotivge tee second dats path alead of the Beat data path dn onder to
gencrate pe-dais sipnals for generation of the dita signal on the dats s

FREIS]  The first ovulupdover may output the fourtuasd Ffh paiey of pro-data sipnsts

tevel shifter civouitry, which in torn may wp-shift the fourth and (b pars from the sore

voltage domsin o the low operating volta s enth pairs of

pre-data signals. The sixth pair of pra-data signals may be associated with the first pre-data

it
E3]
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sipnsd of the s pair, and e soveth pair of pro-dits stgvals may be assovinted with the

ayal of the st

el pre-clata »

severih pates of pre-dita siguals o pre-driver civouitey, which in turs may gonerate the
second and third peirs of pro-data signaly. Also, at block 1004, the pre-deiver cironitey may

gastput the ssoond and thind pais of pre-data signads 10 2 second maltiplexer
; {

36 At block HER, the seonad mulip iy reenive the sen

vivd aned il paiey of
pre~dats signalks as well as y pair of comnplesentary clock sigvals gonerated with cironit
caonponenis of 3 zecond ontical path of the clockeseiving systean Like the fiest olock

2

signal weed o gonennte he fiest pair of prosdaty signals, the rate of he cwnplinieatary signals

.-’,
7
i
[N
T
”;
%

ey e twilve the ale

second and (ard pates of pro-data sigaais, Ino
refative rates sod phase shifis of the pair of complementary clock signals and the second and

thard peivs of pre-dita signaly may be such that for each of & plurality of clock oyeles of the

£ oo e clock ovele whers o fext of the clogk signals s high
sigrady s low, the leading seconed padr of precdaty signals may

Wt o constant lovel whide e lepuing ard paie of pro-dute signals oy ansition thedy

b4

Teveds £ Lo, porform vsing ansitions or Salling tansitiog)

= Rim

cloek ovele where the fivg clock enal is lovw and the sew

17
;
s
%
¥
=
=
o
e
%
Ll
et
-
P
ot
=@
(3
¥
o
5
=
5

pre-Gats signube tey maintaio & constant Jevel while the leading seco

stavals mane towsition their levels,

rrr.

BT Doaddition, the core

civenitry mwavy send enstput the fest pair of proedata

signals, and i1 Ry the clrcuit componants of

ther fiest dats may generate and ountpat the

second sud thivd pates of pre-daty signads such thet iniied cveles of the seconsd snd thivd paies

are rrceived at w fivsd inpats of the second onduplexer at lsast one hall clogk avcle ofthe

mentary ofsck

complementary olock signals betiwe inttial cvolos of the compls

receyved &t ssoond nputs of the sevond multiplexer.



WO 2017/074592 PCT/US2016/051840

IOIIR] A block 10K, the second mudtiploser pay gononde s oyghth paie of pre-dusa

signaly haxed o the sconmd and third paivs of

pre-data signals. The pra-dats signals of the cight peir may be direcily sligned with cach

i,

other. I addition, iy some example methoeds, gonerating the cighth palr of pre-dats signals

I 3

th the second pudtploer s Dloek T wosy inchude: for ssch oyele of the complessentany

&

W

vlock signals, during & Gest hadf oyele whe the (st slook stgnad s high ansd the svcomd wlock
signal is o, selting g voltage on finst ad second outpots of the second nudiiplener 1o 3 Towel
that mutches & voltage level of the second pade of pee-dat stenals, and duriog @ second hadf

clock s

@ whew the Rt elock signd ix low and the second

on i conid ontpats ol the seoved muldpk

el of the Sued pair of pre-dats signals,

IS0139] A block 10U, the seoond muadtipl sy output the olghnd paar of pre-daty

stgnals dieoatly G s tnpat of outgag detver civeniitey, Ad ook IS, e satpat sheivie

vy sy generate the Gaby sigral on the dora Hoee B vospoass 1o reosbving the siidnh paie

of pro-data sigoals, In some example methods, o gonerate the date sigosd, the vt detv

shroudtry sy pul op the voltage to the lew aporating voltage kovel do response to the eighily

paty of pro-duls signals boing at their respective low lovels and way pull down the vadtage o

a fow leved fep, sround or V) B responss o e siphth padr of pre-dis sigoals being ot
thsir respactive fagh levels

B4 Fig 1 shows s Boow chant of imother oxample method 1 HR of g clock-reouving

system genersling o dats signal for commuanication o & data lne 10 a elock-sending

At THE, cove logic civowitey of te clock-reostving system woay determine tat a host

iterfice of the clock-rocaiving svslom s oporating in 3 fow operating voltage made, AL
blook 104, in response tr the determination, the oowe Jogie cironitry pray outpst o data path

-

constrol signal o e frst multpkeser tocaose the frst maftiphooer fooset & seopnd dats path
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wsed o penerste the duta signsl when the host interfes is oporating in s high operating

b * 8 Ee

i the deactivation state, the sevrnd data path may

deactivate x sevond circuit portion of cutpnil driver clrcuitry while s st st portion of the

outpat driver cirowitry geverates the dete signad on the conumusiestion Hine,

[B0I41]  Arblock THOS, In reaponse 10 receiving B deta puth control signal, the first

XA sny sapid sod madniain o Gest pade of vdlages on the second data pagh that

koeps G second daty padl i the desctivation state. In one exanypde, o fiead vodtuge of the

voltage paldy fiay be 8t & core vobiage el VDD ansd g socond volinge of the voltuge pair may

be a8 low loved, sush av 3 VL

(BEIAE] Ad block TIOR, the cive

praew)

o ctreuitry may onipad, and the o mullploxer nwy
receive Srow the core logie eircuitry, o st patr of pre-dota signals. The st palde of pre-diata
stvsaly ey inchude dati to be seat v the clock-sending systens, Tn addition, the fest pair of
pre-duis sgaals may be gonsonted by e cor logio streudiey s oo vollage donsm
ssappiated with the core widtage bovel VR, Alse, the pre-data signals of the fost pair vy
be phase shifted relative to cach othor, as provicusly desevibed. By response o reperving the

First perr of pre-dats sigaals, the Brst moliplexer may gonsoue ¢ socomd and thnd pe of pro-

data signily, with the sevond pair belng axsociated with & fiest pre-dste signad of the Sest pair

arad the Uned peddr beli associated with g sscond pre-dats signad of the A patr, In addition,
thi secoved and hivd pair sy esch be gomersted o the core volisge domain. The e

madtiplexer may oulpol the seoomd and thivd patrs of pre-data signals o the fimat data path

i the descvation state,

IOIA3] A blaok TG, xosccond muliiploxer may goverate 3 Toueth pair of pre~dats sigosls

-Jata & wl with the

based o the seord and thind paivs of pry Ix for genevating the data

{irst civouit portives of the utpud dolver sirewitty, I sorme sxampls methods, in ovder
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generate the fourth per of pee~data signals, level shifter cirouitry of the vt dats path may

e seeond snd thind pair of pre-dota sigaals o the st multipleser and in

resprnse, generade and mutput Tt and sivih paies of pro-data signals. The Bt pair of pre-

sigvial ey be associnted with the fest pro-caty signad of the fies paty and the sinth pady

of pre-duta signsls vesy be assoctated with the scoond pre-dist signal of the first psr. Tn

b the fiith and «

sldiip wih pates by comverting the

ssepond srd thivd pro-data signals in the core vollage domsin 1o 8 bow opevating voltags

domain, Proedriver cireuitry of the et data poth wsy then veceive the Glth and sxdh patirs

b pairs.

anel greonerste soventh and oighth pu

Vhe pre-dviver cire od muitiplorer

X

,..'.‘;‘

ey may oulpat the s ahh podes il g
ordar o gonerate e Tty padr of preedhady sqenals. The sevond muldplexer may alse receive

ferserdary olock shgnals poversted on g seeond onticad path in order

sond wse & padr of comnpd

generaty hie foorth palr of daty sipials, ay proviowsty deseedwd,
[0i44] o addition, o block UL owomit eomnposents of the seoond dale path oy

gensrate @ seornd paly of voltages for deavtiveting the seormd siroult portion of the outpat

deiver cirewitry, The seoond pety of voltnges moay be gonerated in the Iow opensting voltage
domaim, 1o sonwe exsmple msthads, v order 1o gonerate the seeond pair of voltages, the Hest

madtipleover may owtpel Y Hest padr of voltages o bevied shdfter circaiivy of the sevond dus

path, which by tuey fogy genorate s thivd padr o voltsges 1 the low operating voltage dorain,

§the thard padr bodng at the low oparating volings fevel and the

ssther of the |
secord daly path may outpt the thind pair of voltages o pra-deiver circuitey of the second

patly, which i turn nray penorste the ascond pair of volisges

[SOI48] At black

s

AE

112, the serond multiplexer may output the furth pair of pre-dats

stenaly to the fivst cirouit portion of the output driver circuitry while the second data path

57
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outputs the second pair of voltages 1o the second circult portion of Sw output devver clroaiiny,

lock 1114, the seooad stroult poriion may be desctivited i response 0 the sveond patr of

voltages receivad from the seopnd daty path while the finst circsit po adls up and down

x

the voliags the duta Boe in response to the fourdh pair of pre-data signals to gonoeate the dats
sigval.

6] Fig 12 shows o flow chart of another exanyse wethod 1200 of

sysion geoersiing & dats signa! for conummrscstion on a dada e 0 8 olockescmding sysiom

e gy deteonmine thad g host

AL THEZ, cove lnge eivowitey of the clocRereceiving svsd

merfyes of the clockerecpiving wystom Is opsting 1 8 Tuigh operating volinge made. AL
Mook 1204, m rexponse 1 the determination, the coge oo oiroutivy nray owipd a date path

eomtrol sigoal o fnst maltipheer 1o caose the frstoudtiploser to seta Heat dateopath wsed o

&5
X

ererate the dute signad when the host interfacy 1 openiting i & low opergting voltage node

i & desctvation sinte. I the desotivatinn state, dhe fiest Qi path may desotivine s fest

¢ pesriioe of cutpat driver etrouitey whale & seeond cireuit poviie of the caye deiver

chriny ponerates the dais sigmal on the comnumication e
PREET] A block 1206, i response to rsoeiving the dets path condred sigoal, the Hing

mubtaplexer may outpu and pwintain st and second paies of voltages on S Gest dads path

=4

that besps the second date path in the deactivation stase. Iy ong sounple, # fiest volsags of

gl of G frst and second voltage pairs gy be ol o vors voltage tevel VI and wosecond
virdtge of esch of the Gt and second volings paies nay bo st & fow Tovel, sech as OV,
B48]  Arbock 1208 the cors logic circuiiry may oulpat, and the Grst multipleser may
repeive from the cors ogie shrowitry, s pro-daty signad the inchades date o be sent w the

e, I addition, the pre-data signsl mery De genorsted by the core ogie

e domain as siesd with the

i”c

data signal, the et multiplexer may §
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sipnads. The fivst pair may be gonerated in the core voltsge domaiyand be divsatly aligned

with cack other. The first muiliiplexer oy output the first pair of pre-data

seceid dota path while cutpotiing the twa pates of vodiages on the

\

t data path to heop the
fieat chata path in the deasotivation slate.

erersis a second

3
fad

[0149]  Arblock 12 HY civcuit covapunents of the second dats puh may

o

paiy of pre-data sigasie i the high spersiing voltage dumuin bewd

o the first padr of pee-

data signals for generabing the deta signal edth the sevond olrouit portion of the mupug drivsey

chrowd

., In senne exaple methods, s ovder toy geoerats the second pair of pre-data stgeals,

v o the seonod data pattu ey peottve the fiesy pair of prosdhata signals

erate and outma 8 thied pade of precdata sigrals,

The level shifter circutivy may geverate the Hard par by convertiog the Hest pat i the oo

> b4

soltage donsady o the Mgh opergting voltage dowman, Fresdeiver cireadiny of the second data

path pay thes reostve the Surd pair and geoersiy the seonnd padr based on the 3 e,

IS o addiiog, ot block 121, otvouit componants of thy fiedd date path oy gonerale g

*

thind padr ol voltages Sy deactivating the B

S

torrowit portion of the outpat dover cleautivy

ired paty e be

based on the frdt soud second pates of voltages. One of S vobages of the ¢

genenaied st the high operating voltage loved and the othier voltags of the thind pair naay be
genorated o a low deve] soch 85 0V, I some exanple msthuds, in onder o gonerss S thind

paie of volinges, the st altiplexer sy cutmut the Best and second paivs of voliages to Toved
shifter circwatry of the fest dude path, wiach e mey genevate fourth and S8% pai of
ages. One of the voltages of cach of the frurth and $H3 pairs may be gonerated st 3
veference voltage level, which may be loss San the bigh operating voltage Tevel {sg, the

refvrence vidisge level miay be the low operating voltage fevely, and the other voltage of vach

of the Buth and 5

R

of the first data path may satpat the fourth and {iHh pairs of voltages to e
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iy of the Brst path, which in turn may gonerie sinth and sevesth pars of voliages,

ol

{me of the vodtages of enob of the sixth and seventh pairs may he gonrated at the high

operating vollage level amd the other voliags of sach of the sixth and seventh pairs may
goperated ot o low lovel such as O W
IS Toosoome exonple methods, the pre~-detver stroitry of the first dats path may

v odronstt anad & second pre-drivay

cirvet, daal genersies the voltages of e sk sad seventh paies ot the high operating voltage

fevel, A previousty described with respect 1o Fig &, sach of the precduiver ohrowits may

o)

iz

by @ fiod PRGN tranvistr it fs supphiod e 10 voltage VIR gesersted ot the high

oparating voliage fevel amd that palls up g voltap

on an oulpud of & respretive pras

driver civouit 1o the high opsrating voltage lovel, The volisges yonerated st the lmw laved

{e.g 8V ol the furth and §fth paies soay be spobiad o e gate voliages of the first PMOS
fransistors © urn on the e PMOS tnusistors, caustng tham o pull up the voltages at the

Adaiz, cieh of the pre-driver cironiis rmay nclude g NMOR fraasistor with a dvain

ermitial conesied to the oniput of th respentive presdoiver coromit, and 8 second FMOS
tramisioy with o soures sovunsd conmeeted o souree emns! of the NMOS traosdstor. The
drain terminals of the second FMOS tansistirs nmy be supplind with the sefbrenge voltags
REF avud gote tovmninals af the second PROGES ansisors may seeebve the low loved voltages of
this fiverth snd fi8D pates, The sccond PRMOS tusistons iy o1 8 volfage on the aouros

3

tornvnal of the NMOS transiaors that vields o dradnetaesouree vollisge aovoss the ¥

OIS

wranaistors that s safely below thelr broakdown vodtage lovels while the Siest PMOS

ravsistons are pulling up the voltages to the high operating voltage fevels,

PRESY)  Also, 1o ponevate the third paor of voltnges s Block T3M, the pre-drivey chrouitry

B

ity ongtpi the sixth and seventh pees 1o a 58 - als0 repeive an

wals, One of the voltages of the cighth pair may et

ighih pair of voltagss & selectiog s

{m'

2]
]
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the seferenes voltage lovel and the othor voltage of the cighth por my be at 0V Inoresponse

s

o peceiving the sixth, seventh, and eighth pades of voltages, the sevond multiplexer may

R

genenate st s outpat the thivd pair of voltages. The s

tplexer may have the pass

ty

cribed with vefersnce 1o Fig, 6t seoste

the sixtly, geventh, and sighth pairs of voltages snd ponerats the thind pair of voltages.

&5

F

HHHSY] At block §

e seonnd dafa pathomay ontpat the seooed pale of previdats signaly

1o the second ofrouil porfion of the oatpat deiver circaiiey o gonersting the data signal on the

data lne w d puiiphever cutputs the thivd padr of volages to the Frst irgudy

poriion of the ostput driver cirawitey, A Mock 1214, the first civcait postion may be

wed i rosponse iy the thied pair of vwliages recetved Tromw the st dats path while the
second oivorit portion pulls np and denen the voltage oo the date ine i rogponse B the
second pair of pro-dets signals o geoersie the date sigsal,

MM Tooonher exanple mcthods, doss dhan all of the sotions ideatified 1o the fow charts

of Flgs, 8013 may b performed oo ponesats o date signed for commuieation to 3 dofa line,

Sl other exaroply methods muey combing at zost-some of the aotions performed i bwo ar

mawe ot the difforeat mothods of Figs, 31310 gonerate a dwia signal, Varioss wags of

.

goneading o dety shoval on s dats oo using the actions desenbed 1o the How ohars with

\,

refisrence 1w Figs, 813 may Be possibls,

[BOIS8]  Figure 13 shows o blook diagram of an exangde foplomontation of the clogk-

receiving svston 102 sod the olock-receiving system 10 of Fig. 1 that may wse ov inchade

157
,)»,

)

aferencs to B

the cirouit cosnponents shows and described with s 8 arelior perform the

methods desovibed with veference ty Fige, 912, The alsek-secstving systesy 12 wmay be g

bost system 1302 and the closk-receiving system M sy be son-velatile meniory system

I HEN

operating voltages. Iy oore entbodiment the manway systent 3R may be & cand bassd
) o .,

&1
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wvator, such as a seouve digital {SI¥) or 5 e sccurs digited (mioro-50 esrd, Tnan

sebidod

i o devies sthat is

e 3

comfipured o communionte andfor eperats with the pon-eolatile memaory system 1384
I0IS6]  Ax showw i Figl 13, the non-volatile mwemery systomy LM may tnclude the core
fogie virvubiey 100 and e host intorfce TOR, whinh may include e olrogll conponesy and
operste g Jesvribed ahove with veforsnce 1o Fig. L In addition, the hostaysteny 13 and

the sovevolatile memory svstom 138 may e coafigured to comumumicats with esed other vig

the conmnenioation bus 1 HY, which may lnchude the ¢ Nepuraber of data

hoes 14, sod the coanvnand fme L1600 Ads, the be s DHED voay sappiy a supply
woltinge VOO o e supely e 118 10 (e non-volatils memory systom 1306 o posy
connponenis of the sou-volatile memory system 1304,

ST o sddition the ooy fogie ctventtry 106 gad the hogt interface 1R, die nanw

wenmory svstem 300 mwy molude wnevolatile men

pory 1304, whach naay b

of soss-volatile mersory olensengs or oedls, each configured 1o store one ov wore i of data,
Thee swsevodatile mevmory olermends or oells may be sy suitalde novevolatile memery cells,

suich ax NAND fash memory cells andior NOR. Hash menuany collyin 8 two dinensional

aralior these dunensions! configurativey,  The momory olls my Sk the S of sedidostge
fe.z., Hash) resmory calle iond o be ore-ting programemadble, frw-times progrommsable, or
nny-iime progranueable,

[EHIISB] Do addition o the opomations previously dosoribed, the vove logle circuitry 16

oo

WY sthso b x‘llf LA wd to P ey i MSOTY REnaRenem funotions for the st Bt of data

§

ol

the sove-volatile memory HNL Exangple momory sansgement fotions vosy fnchade, Inst sog

Hindted fo, compumicating with the bost pysters 102, including wmemving, handling, and

respording o host requests or commands, such as sead, write, orase, and status

o
Yok
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reguestsicommsnds received Trom the host system VIR formutting the non-volatile memory

(41

133 for evisure 1t b5 operating properly; map aut bad memory celix

tx be substitnted for future failed celly; and panaitioning the non-volatile momory systom

130 hetwenn difforont states, operation niedes, andfor povesr consurption modes, i

giporation, whes the Dost syateny VI needs to read data Froms o write duts o the non-eolatile

mamery W, 1 oay comenurdoats with the vore logle slvuitny W,

IRISY] The von-volalile womory systom 1300 may also inedude & mamory inteeface (V)

1306 that provides an wterface Botween (he corg fogie civeuitey 106 and the vonevsustatile

v 13HL The sove loge circaitry HOG ey by conBigunad o conununionte b sud

cannsands with the mos-vidatily memory THM vig the mamory terface 1306 o storg data

andior read deta Fromy the ponsveslatile memory 13

I80160]  The nosevolaiile mentory systens T may slso include soalog ofvouitey 1308 that

prordides o phaesbiny of gulatoe suppdy voltages o the o logie clrcuitry 186G, iwluding a

vore supply vabiage VDL o addstl snalog olrouiiry 108 may provide & bise closk

signal CLEgags oo o more process-volage-temparature {FVT stgnaly, and v sore voltage

ot

whether the oove supply voltsge 1ot o siabie

stafibization sigoal VR CORE OK indivat

fevel, The core lagio clrcuitry B may sond ong or more covted sigaals o the analog

chroudiry 1388 wy configure, progeam, snabde, andior disable various components of the

sl eincuitne PR

{6 When the host system 1302 sersds 1 read reguest o regpest that the wonevadatile

N

memory systern 1300 perform a vead operstion 1o read requested data stored in the

i

we core logte circuitey 1S may convumenicste with the

Rl

nott-vodatile memory J3M, §

non-veriatHe memory T3 vin the roomory inerface 1306 @ retrisve the veguested dats,

When the regmested dudz is retrieved, the oo e
!

63
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3

host nterfacs T8, which in surs may send the deta as dats sigasls DATIN-DO] o the host

o8 NS 10L

§62]  The nop-volstile mommory xestam 13 se the host oleek signal UL Eaey
RO Phe non-volatile monmay sestom 3 may use e bost oleok signal &

received o the eloek Boe 112 1o genene the date signals DATIN-DT that are sent back 1o

the Sost systers HE2 o oxecote the rowd oporation. In perticalar, the ciromt components of the

-

bost interfaoe FON anablor the come fogle civouitey 186 previowly dusorilod wi FERCS B

Figs. 2-8 mowy vecetve the host clock stgnal CLEwsose. o at loast 2 buflered version of the host

Csignat Ol e, and pell ap and dovwn the levels of the date signads DATIN- 16

avconting o the rate of the host cloek sgesal {1

o2

ng o the rising anlior falling sdge

covurrencss of te host olook signaly |

svetann 1302 for exsontton of the bost read reguest.
80163 Similur configumations may be mplemented andior similar soethods may be

porfornred i glectmaie sysiams, dovioes, o spparaivses ohiliving selieyachranous

cieling and clockrevedvin

storees other thas nesevolatile memony

[B0ie4] T indended that the Torsgoing detailed description by wndersiond as an

cedecteyd formy St the ivention can fake soud st as 3 defioition of the

i

mvention. Tt i only the followamng claimy, ncluding sl cguivalonts, that are intended

deting the scope of the claimed nventm, Fingll should be aoded that any sspect of any
of the proforred embodiments descertbed horetn can be nsed glone or i covabination with o

suothe,
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CLAIMS
We olsing

¥

L. A clock-recetving sing:

catput driver cirewitry coufipured o genersts sy owipat daty signad for conmmumicstion

g & das Bae of 8 compraicaions bus;

cloek

b slgnal hased on g hos

o

critical path clronitry coafigirsd to gone
sigoal reosived an v odie¥ Hae of the commumicativons bug; and
a multipleser civenit configured tae
spostve & plorality of munltipleser ingast data signals;

recetve the clock signal from the oritical path civouiing

gonerate a paw of waltiplexar outpat data signals based on (he cloek signad and

the plurdity of mudtipleser it data signals; and
g e pade of nafvplexer selpat Sty sigaads o0 e outpid driver clroaiiry

9

fior s

neration of the ongpat data signal.

3 The clockerecuiving systom of olaimn | wherain the eoitics] path cirasiry sonprises

first erivical path civewityy, the clock stpmal cranprises a8 first clock sgmal, and wherein the

farther cornprises:
eorg logie sirguitry configeed o onable sad disable the st critical path cironiiey;

second evtical path vircuitry configured to gen

ks anad

ata path ciroudtey configured to! whes the st ovitical path is disabled, penerste a

3"‘1

pasy of dsti path owtpst dts signals based on the sooond clock signd and cutput the pair of

wi oata signsds o the o

data path sutp put driver circmtey,
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witsrein the outpat dbver sirowisy is fther configurad o goverate the output dats

nials wheny the Host on

signal o response to recobpt of the padr of data path matpat daty i

path i3 disabled

L The chocl-rocetving svstom of ol 2, wherein the core log
configured
enable S first orttios! patly shecuitey Tor poneration of the oulnet data signas] based on

the padr of mohiploxer output dot sigealy when @ host interface 1 a Tow oporsting vollage

wrskehe; angd

e onatpant data signal Bosed on

A

wr & high opevating voliage

mode,

oof clady F further comprisy

v alata prath soveliy

-‘,5:;«,

sonfiguced to ganerate the plerality of mcliplexer tnput date signals, whorsin the plosality of

§

madtipdexer mput date sionals comprise signals and

centd pair of muhtiphexer tnput daln o shifted 188

[

serecs relative 1o sach other with refhrencs o the clock sgnal

S The clock-recstving systors of chium 4, wherein the multiplexer ciroutl comprizes &

pupadity of pags gate circuits, sach of the phevality of pass gate clrouits confignesd to receive

the clock signad and one of the mubtiplexer inpot duta signals of the fisstand second paies of

3

maadtipleser input duta signsds,

f2g)
<%
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£ 5.

6. The clock-receiving systom of clatm §, whe

mdtiplexer input data sipnals o outpats of the multipleser clveuin

during scooewd povtions of the olock eyolos of the clock signal, pass the second pair of

fpot dads siguale o the ontputy of the nohiplex
7. The clock-receiving system of clatin B, whersdn the plirality of pass gate cirouits

COTRPIIsS.

2 Tirst pass gate clvenii configured to revedve & fest mlt ar poprat ety signad ofthe
first pair of nnsfplexer fnmed Jdete signaly;

1 socond pass gaie cireult configured to receive a st andipdexer fopet dats stgaal of

the seonnd pade of wodhiplexer input dets shunals;

a thind pasy gate clrowil oonfigurad (o reveive & sovond multipdeser pat data stgnad of

the Hrat patr of peultiplexer ingad diste signaly; ad

A Fourth poss gwie oot configured (0 recetve g socond maltiphleser gt data sig
of the seeond padr of multiploxer nput data signals,

whersin outputs of the first snd seonad pass poats cireuits e comtected towether ta
form a fr outpat of the ouatpots of S maltipleser oirewt, sad outputs of B thind and fourth
s mate oircnis are conneoted fopether 1o formy a second oudput of the culpas of the

P SR,

H. The clook roostving systom of ohuim 7, wherein the owtpoet driver ciroult comprises a

puli-up cironit and 5 pull-down civouit, whersin the pull-up cirouit og & {irst inpat
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connectad G the fiest cutput of the wmoltipleser circwit, and whersin the pull-dowen civeaiy

wipnat cumsecied t the seoond output of the padtiplexer st

tery of olmim 4, wherein the clock signal comprises a pasvof

gomplementary clock signals.

o

1 The clock-recebeing svstam of cladiy 4, whersin & rate of the cdook signad #s twice a

vate of the phealive of audiiplexer npud dits sieaals,

RIS OUTpH sing:

e

1. Adloch-vepetving

g

ot driver clrositry configuved o genorate su ouiput data signsl far conumnamicstion
o dote Hae of @ comnmunbeations bus, the ouiput drivee chouitey compeising

# fivst ciroul poation configured 1o genecate the outpiet daty sigaal i s kigh

operating valiage nw
# seeond ciroui portion configured {0 gesensde the oulpid date signal ina low

operating veltags mode; and

a multipleser cirouit condfigured Ly

crtpast and madniain o fiedt set of vollages af a firss

seb of Toweds o degotivale

the secord clroutt portions i the high operating woltage mode; and

oudpast and mabtan @ second set of vollages at 3 second set o lovels i

rsb eireil portion in e low operating veliags mroede

13, The clock-receiving systom of clatin L, fuvthey comprising:
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¢ logie cirouttry configursd to contrel whether the paltiplexer cirowt is configarsd

oot the Y sprerats oltage mode o e seommd sy of
{o outpat the 8e rerating veltags mode ar i v st of

IS

The clock-reectving svetom of ol 12, wherets the sore logie chrouitey sz fuvthey
vonfigured i

i the high operatiog voltage roode, ot o cors mulput data sigead 1o e nudtipleser

atton of the owtpet data signal; and

w the fow apeniting volage nwde, ot 3 padr of phage shaled oo sutpat data

tovaalx fo the nliiplexer for goncration of the mspns dats stgoal.

4, The cloclreosiving sl “olwin 13, wherew the multipleser i configured 1o

it thie bigh opsoating solisge vusde, cutpi, o Bt data parh clsagdivy, ¢ Tt pate of

o cadpait daty signals G genesttion of the outpat duafs slgaal i vespong

of the oore cutput data sigaal; and
i the low opergting vollspe mde, outpot, b second Sata path cirowitey, o seowsd pair

o

roultiplerer ontput date signals and a third pair of mainplexse owput data signals, whersin

.

i assooiated with g Sest data signal of the patr of pliase shitted cove outpan

the second pais
data signals and the third pair & asociaed with o second dots sigoal of te pair of pluase

shifted vore oulpast dala sipnals

15, The clock-recetving systom of clatm B, whersin

in the high operating voltage mode

the first data path civowitry is eontigured tr generate a findt prir of data path

outpar dota signels based on e Siest padr of multiplexer cuipa data signads; and
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ctpat the vt pair of daia path output dagn signals o the first cironit portion of the

st driver clreniny Yor genevation of the data signal

%

deaetivation of the seeond clroudt portion; and
i the b opeeating voltige sl

the seontd data patl chroutiey s conllgured B geoerats 3 second pair of data
Is based ou the s it data

praty outpot dats sigw ond and ditnd pairs of nudiiplers

signsls; ansd ontput the sso

7,

tiel pdr of data path outpne signads to the second civeait

portion of the output drives

teouittry T generstion of thie July signall and
the first dota path civeitry s configured © geneate a fourth set of voliages ot
a fourth set of volage Toveds to the first oironit portion of the oupat driver Qirduiiey

fur deactivation of the first ol portion.

1. The clock-recebving svsiam of claty B, wherstn the second dats path cincuitvy

copryprises 8 predriver citenit comprising:

et transistey circaitey contected o the output node snd configursd o be supphed

with ao input’outpas {900 volage and pudl ap o voltage & the cutpat pods 30 8 lovel of g

LY valtage;

second fransistoe ciresitny connected o the output sode and contigored to palt down

1,’,’

the voltage at the output pode to growud; and

thind transistor clirouitry covmected 1o intornal node of the scoovd ansistor

3

ioge, whersin g kvel of the

a fevel of the Pl valiage in the high operating voliage mode.

]
L]
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17, The closk e 6, whersin e sveond Safs path civouitry Sarther
commprises loved shifter clirovitry onnfigured 1o generate fivst and second pairs of bevel shifter

N

outpt dists stgnals based on the ssoopnd and turd paies of nudupleaer outpat data signals,
whereh each of the Hestoirowtry, the seoossd ooy, sowd the thind civesttry of the

% a data sigeal mpat conmoted {03 sme oulpud of the fevel

pre~diver cirguiley comgis

ahifisr cinonttey,

,.
s

& nwihod of genesating an oupad dista sigaal, the method ¢

o
.\&,

44' ]
’ﬂ
@
=
=
£

oufpaiting, with eoee logie oireniiey, 8 v of phase tput data ¥

o

gereenting, with dats path arreutivy, o plusality of datg path oulput data sigasls haged

~

o the pate of phase shifted cone sutpat daty signsls;

generstng, with critical path civeaitey, 2 olook signal bused on 3 host ok signs

=]

gonevating, with 8 myvediiplener ctvauid, & par of mpdtiplexer owdpat dads signals in
rosponse b reoeiving the plorsbity of dat poth outpet signals frooy the Juds path cirouiiry and
the wlock signal from the eritieal path civowmiry; and

sEey, thee date sigaad in response wo rsosiving the

generating, with oudpat drivey

pasir o moulindexer outma dats stgnads frorm e mudtiplesir strouit,

o

19, The methed of olaim 18, fuvth

snabding, with the cow logie © i respore to determsining tha

a fvost interihon i8 oporating s low opersting voltage mesde.
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3 The method of clabny U8, whersin the moltipleser oiremit compriass s St moultipleser

cireuil, snd the pair of diplexer output dute signals comprises o fivst pair of maaltiplexey

outps dete signals, and the date path cirouttry comgwises st drir path eironitry, the method

farthey coanprising:

el

i3

with a seoond maltiplexey, cutputting second wnd thivd paies of mubiplexey sutpat

daty signals 13 TESPONSS B Teveivin 4 phase diifted cove ouwtpan date signals from

the core logio cirowitry b the st dati path cirouitvy, while ontpuiting & st pady of veltages
at comstant foveds to second data path ctrpaitey; aad
oritpnating, with the secorsd path clroeitry, a ssonsd pair of voltages af constang lovels

based o the fext pake of volta

whersin genensting the phuraltly of data path outpet date signals with e fest data

pasthy ofrowitry s based ow the seeond and Sind patvs of i

e outpat dats stonals, and

whersls penerating e outpn dets sigan! sonygwises gon

perting o the owtmad detver olromiy, the output daly

tpvial e response o receiving §
paiy of nudtiplexer outpat dats stgpals while @ weeond eivesit poriion of the outpad dedver

slhroudiry s dosotivitond i respouse e

vt pair of voltages,

pe
Yot
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902

Core logic determines that host interface is
operating in low operating voltage mode and
enables second critical path; configures
reference voltage generate circuitry in low
operating voltage mode

Y

904

Second critical path receives host clock signal,
and generates and outputs pair of
complementary signals to multiplexer

!

906 ~ ™~

Multiplexer receives complementary signals
and first and second pairs of pre-data signals

v

908 ™~

Multiplexer generates third pair of pre-data
signals; outputs the third pair directly to output
driver circuitry

!

910 ~4

Output driver circuitry generates data signal on
data line in response to third pair of pre-data
signals

FIG. 9
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1002~

Core logic generates first pair of pre-data
signals; outputs first pair to first data path

v

1004~

First data path generates second pair of pre-
data signals associated with first pre-data
signal of first pair and third pair of pre-data

signals associated with second pre-data signal
of first pair; outputs second and third pairs to
second multiplexer

Y

1006~

Second multiplexer receives second and third
pairs and pair of complementary clock signals
from a second critical path

Y

1008~

Second multiplexer generates eighth pair of
pre-data signals based on second and third
pairs and complementary clock signals

!

1010~

Second multiplexer outputs eighth pair of pre-
data signals directly to output driver circuitry

!

1012~

Output driver circuitry generates data signal on
data line in response to eighth pair

FIG. 10
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1102~

Core logic determines host interface is
operating in low operating voltage mode

!

1104~

Core logic outputs data path control signal to
first multiplexer to set second data path in a
deactivation state

v

1106~

First multiplexer outputs and maintains first pair
voltages to keep second data path in
deactivation state

v

1108~

First multiplexer receives first pair of pre-data
signals from core logic circuitry; generates
second and third pairs of pre-data signals;
outputs second and third pairs on first data

path while outputting first pair of voltages on

second data path

!

1110~

Second multiplexer generates fourth pair of
pre-data signals; Second data path generates
second pair of voltages for deactivating second
portion of output driver circuitry

!

1112~

Second multiplexer outputs fourth pair of pre-
data signals to first circuit portion of output
driver circuitry while second data path outputs
second pair of voltages to second circuit
portion of output driver circuitry

!

1114~

First circuit portion of output driver circuitry
generates data signal on data line while
second circuit portion is deactivated

FIG. 11
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1202~

Core logic determines host interface is
operating in high operating voltage mode

!

1204~

Core logic outputs data path control signal to
first multiplexer to set first data path in a
deactivation state

v

1206~

First multiplexer outputs and maintains first and
second pairs of voltages to keep first data path
in deactivation state

!

1208~

First multiplexer receives pre-data signal from

core logic circuitry; generates first pair of pre-

data signals; outputs first pair on second data

path while outputting first and second pairs of
voltages on first data path

!

1210~

Second data path generates second pair of
pre-data signals; First data path generates
third pair of voltages

!

1212~

Second data path outputs second pair of pre-
data signals to second circuit portion of output
driver circuitry while first data path outputs third
pair of voltages to first circuit portion

Y

1214~

First circuit portion of output driver circuitry is
deactivated while second circuit portion
generates data signal on data line

FIG. 12
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