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APPARATUSES, SENSE CIRCUITS, AND METHODS FOR COMPENSATING
FOR A WORDLINE VOLTAGE INCREASE

{001 Embodiments of the invention relate geverally 1o slectronic memonies, and more

particularty, m one o nuwe of the iHustrated smbodiments, 1o compensating fov norsasing

wordline veltas caused by leakage vurrents from memory cell selsetors,

UL Certam waymory aschitertures ave susceptible o corrend feakage from a bithoe
through a bipolar selevtor devive 1o a wordling during memary gocess operstions,  Cuwrrent
foakags through the bipodar selector devive to the wordline can lead o an morsasad
wordline vodtags, which may causs fuctuations i current of & sense signal providad on the
bithine, That is, an noreased wordling voltage may redoes the vollage margin to acourately
reast the sense signal used to sense the data stored by a memory celll  Ax g respll, the

reduced voltage margin may lead to fnacauvate reading of a memory woll.

SUMMARY

{D3] Example apparatuses, sense circoits and methods are disclosed hersn, &n example
apparstas may molude 3 bitline, a memory cell coupled 1o the bitline, and a sslevtor device
coupled fo the memory ogll The example appavatuy may further inchade 8 wordline
coupled o 8 base of the polar selector device, and & wordling detver conpled o the
wordling. The example apparstus may further inclade 3 model wordline viraunt configurad
to model an impedange of the wordline and an mapedance of the wordling driver, and a
sense cwenit coupled o the bithine and o the model wordline cirouit, The sense circudt may
be configured o sense g state of the memory cell hased on a cell current, and o provide a

sonse signal fndicating a state of the wmenry colll The sense circudt may be forthey

configured to adjust a bitine voltage respowsive o an increase m wordhng voliage s

nwxleled by the model wordhing cwrenit.
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00T

An exgrnple sense cronit naay wchude an soplifier configured o provide a first
sipnal and 8 second xignal. The, fivst sipnal and the second signal may be based on g ithine
voltage and 8 sense reforence voltage adiusted based on an impedance of at least a portion
of 3 wordline. The nthime voltage may be received at a first gt and the sense reference
voltage may be sdijusted based on gn mmpedance of gt least g portion of ¢ wordhne ©
received at a second nywut, The firgt signal may be fod back 10 the second mput, The
exarople sense cvowt may funher melude a compargtor configured to provide an ontput
stpmad mdivating a state of s memory cell bassd on 2 voltage of the second signal and the

bathine voltage.

An example methed may muolede precharging o thoe of the memory device v a
prechargs voltage, The the precharge voltage may be based on a sense refivence voltage
adjusted based on an iorcase o wordbne voltsge. Tho example mcthod may father
mchids snabling o selsctyr devive coupled to the hitline, Enabling of the tupolar device
vay caose a coll cwrrent to How through the baline. The example wethod may further
molude determiiming 3 state of & wwunory call coupled o the ithine hased on 1 bithne

voltnge resulting front the cell corvent.

Another example method may inwlade receiving a sense raforenve voltage ot a
modal wordbine  oreait. The sopedance of the wodel wordlime areatt may e
approximately equad 1o an impedasce of at least a portion of a wordline and wordline
dviver of & wemory arvay, The another example nethod may forther welude providing a
model cell current through the model wordline chvut, and adjusting the sense reference
voltage based on the sense refersnce vodlags phay g voltage bassd on the modsd vell cuarem

flowing through the model wordhing cireuit.

BRIEY DESCRIPTION QF THE DRAWINGS

FIG. 1 s 2 blook diagrany of & particulay divstrative embodunent of an apparatus

moluding a model wordhne circust and sense cirouit:

2]
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{0008} FIG. 2 is » block diagram of o particular thustrative embodiment of an apparatos

prelnding & model wordhine covutt and sense cwowt;

jo009] FiEG. 3 15 g block diggram of a particular ilustrative embodiment of & dual ontpant

amplifier cirauit;

{EE T FIG. 4 is a block diagram of a particudar tostrative smbodimanmt of a model

wordline driver; and

{0011} FIG, 5 1 s blogk disgram of » memory including & moded wordline cueuit and

sevse oireut according to an embadiment of the disclosure,

BETAILED DESCRIPTION

UL Certan details are set forth bhelow o provide a sulflicient understandhing of
smbodiments of the disclosure, Mowever, it will be clear to one having skill in the at that
gmbodiments of the discloswre may be practiced withmg these particelar  detatls.
Muoreover, the paricular embodiments of the preseat discloswre deseribed hersn are
provided by way of sxampls and shoald not be used to Timg the scops of the disclosure o

these particular embagdiioents,

HEH RS Referning to FIG. 1, a particular dlustrative embodiment of an apparatay including
a mslel wordhing ciroutt sud sense ooyt 1s disvlosed and peverally desigoated 100, The
apparatuy may be an infegrated wircnit, 8 menwy device, 3 memary systam, an elesctionic
deviog oF system, & siaet phone, @ ablel, 8 computer, & sorver, ste. The apparatus 100
may compensate for a voltage ncrsase on the wordhine during & read operation due to
current leakage through a selector device, such s g bipolar selector device. The appamius
100 may wclude o pharadny of buthoes 12HO-N) Ag iHostrated m FHGL 1, each bitlne
124{0-NY 15 coupled 0 a respective memory cell 130{0-NY that s coupled i series with ¢
respactive selogtor device 10{0-N). The selector devices TO{0N} sre thasivated s FIGL
T ay PNP bipolar junction transistors,  Other types of ctrouts may be used for the selector

devices MO{O-NY without departing from the scope of the presemt disclosure. Although

")
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FIG, | tdlustrates one memory cell IX(ONY for each bitling 124(6-N), a plurality of
memory cells may be coupled to each bt Hmbodiments of the disclosure way be used
with bitlines coupled 1o one or more memory cells, & base of each selector device
F4O(0-MY may be coupled to g wordline 160, The appavatus 100 may further swlude a
plorality of souse omvads 12000-NY that are each configured to sense g respective oell
current IORLL{O-N) flowing theough the respective bitline 124N} The respeotive
FCELLE-NG current indicates a state of the corvesponding memory cell 13K0-Ny. Eachof
the sense oircwsty 120{0-N} compares the respeotive HUELLGG-NY awrent with quevent
venerated based on g reference voltage SVREFD-NY.  The SVREFDN) voltage may be
adiusted based on an appedince of & wordhae and wordbue dover. The SVYREPER-NG

vedtage may be adjusted by a model wordline chrouit 110,

{014 The model wordhine cirewt 110 may inclade a st model wordhine deiver 112 and
a sevond mods! wordline driver 114, each coupled to a model wordline 118, The first
rodel wordhne driver 12 and the second wmodet wordline driver 114 may each model at
tewst one of a first wordline devver and a second wordhne driver {e.g., wordling drvvers 130
ard 1523 o drive & voltage on the model wordhine 118 The model wordhoe 118 may be
of a similar matenal anddor Bave simlar oloctrical charactonistios offthe wordline 1680 The
model wordline resistance coroponents 11I6{0-NY may model bopedance along at feast a

portion of the wordline 168

JMNER] Each of the sense owoans IZHE-NG may be couplod to a respective nthoe 13302

and may be configured to may ditve the respective HUELL{G-NY current alony the
respective bitlme 124(0-N} Further, each of the sense circuits 12N may be coupled to
the model wondline circuit 110 and may be configured to provide a respective modsl sense
current JCELLM{O-NY to the model wordline 118, Fach of the seose cuouits 120{0-N)
may alse provide 3 respective sense out stgnal SENSE OUT(0-NY which may mdicats the

state of the respective menwery cell PN

{001 61 Fach of the memory colly 13HENY may be conbigared o store data. In oan

embodimen, each of the memory cells DDOO-NY may melude & phase change memory
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material.  The phase change memory material may be in one of b least two states, for
example, an wnprogrammed state and 8 programmed state. The phase change memory
material may have a distioor wpedance for each st In an embodiment, the phase
change memory nuderzal may isclude s chalcogenide alloy, such as an alloy of germantamy,

antunony and tellurnen (GelbTe), called GST.

{7 In operation, duriig 8 memory gooess operstion, each of the sevse crrouat 120{0-N}
oy precharge each respective hithine 124{0-N) to the SYREF voliage prior sensimg. In
addition, the frst wordlne derver 130 and the second wordlme driver 132 drive an mamory
access voltage along the wordline 160 10 enable each of the selector device TO{O-N],
When a selecter device F40{0-NY 1x enabled, the vorvesponding OELUG-NY vurvent Hlows
throogh the respective mamory cell 130N The nwpniude of the ICELL{O-NY carremt
18 based o the state {eg, mopodance) of the respective womory coll TMHO-NY Based on
the respective CELLLO-NY current, each of the sense circuits 120(0-N) may provide 2
respective SENSE OUTO-NY signal A magntude of the SENSE QUTO-NY signad
mdivates the slate of the respective memory vell 130(0-N1, and, acvordingly, may mdicate

a data valpe stored by the respective memory cell T3YONY

{0018} The selpetor devices 140{0-N} may leak current through the bases  the wordhing

Lo L{0-NY and cell curvent ICELL

160, For example, FIG. 1 depicts cell corenmt |

REGNY leaking through the base of a selector device 14O(0-NY to the wordling 168, The
cwrrant feakage causes an moreasy m voltage of the wordhine hocase the wordhoe 1680, the
first wordhne dovver 130, and the second wordhne driver 152 have non-zere impedances.
The wordline voltage incresse may reducs base-enmiter voltages VEB of the sslestor
devices THNGNYL  As a conseguence, the ICELL{O-N} current for each sense chrowd
12000-N) may be reduced. The magnitude of cwrrent legkage through the base of each
sedector devios 140(0-N) may depend on a gain () of the selsctor devive TSN, an
vapedanes of the wordline 160, gn wupedance of the fust wordline driver 1530 aad the

second wordhine drivee 152, and a state of the vorrespomnding msmory gell 30{0-N}
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0019} In some smbodiments, compensation for moressed wordling voltage resnlting from
the leakage current may be dynenneally adjosted and may be based on several
dependencies,  For example, cach of the sense owonits 120{0-N) mayv use the model
wordling girenit 110 0 compensate fiv the increased wordhne voltage by modeling the
merease w wordime voltage, snd comparsating (e, woreasimg) the SVREF voltage by an
gnount that 18 based on the voltage meresse. Compensating the SVREF voltage may
tncrense the ICELL currents, and, thus improve the voltage margin for sensing the ICELL

CHrrents.

00201 To moede! the morease wm wordline voltage, each of the sense ooty 120(0-N)
drives a respective mwode] ol carrent HUELL MUENG throash the model wordhne 18 and
throagh ot lesst one of the st wordhine detver 112 and the second wordline dover 114,
siidar to the RUELL aurvent of the wordhne 160, For example, the ICELL M{O-NY current

may be divided o pwo components, fv example, model cell cirrent ICELL ML{G-N

ad mndel cedl correry WELL MR{GNY. Responstye to the ICELL M (N} curvent driven
throagh the mosdel wordling 118 and through st leaxt ong of the first mode! weordling dovver
112 and the second model wordhine doiver 114 by a corresponding sense circust 120068-N),
the covrespording sense epcat 120{0-N) wiay wse 4 voltage differential alony the model
wordhne 18 {eg., based on the model wordline resistance HISHNY and an wapedance of
the first modad wordlne dovar 112 and the sscond model wordline daver 114} to adpust

fig, morsase) the corresponding SVREFG-NG voliage, Respousive o adiustiment of the

corresponding SVREF-NY voltage by the coresponding sensg ciroa120(0-N), the
copresponding ICELLLO-NY corrent atong the respective bithine 1240-N) 15 adjusted {o.g.,

morgased).  Increasing, for example, the ICELLIG-N) curent {rasponsive 1 the adjusted

corresponding SYRENGN} o compensate for the incrsased wordhioe voltage may
morsase the accuracy of the data sensed from & mumory call 13N during & readd

operation,

{0021} While FIG. 1 depiors the apparats 100 with st Jeast thres hithines  124{0-N), the

apparatus 100 may melade soy number of hithives, Stnilarly, although one wordline 1

&
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and assoviated wordine drvvers 138, 152, and sedector devices TGN are dhestrated
FIG, the spparatus may mclude any namber of wordlines, and associsted wordhne
drivers, snd selector devices, &lse, sach of the model wordline resistance components

FES{0-NY may sepresent impedance of & portion of the wmodel wordhne 1R

0022 Compensating for moreased wordline voltage, wluch may cavse a decrease in the
sense signal, by using the wodel wordhne oircant 110 may increase the voltage margin for
sensing the ICELL cuwrents, and improve seose accumey of each of the sense ciowts
120(0-N). The sense coonts 120(0-N), n conjanction with the model wordhne circut
110, mav provide g dynanie compensation solution by using a model of the respective

ICELLLO-NY currsnt thrensgh the bitline 1o determune the norsased current.

{00231 Reforring o FIG. 2, & particudy dhustrattve embodiment of an appavatus including
3 model wordhine ciropit and semme cironst iy dischoed and generally desipnated 2000 The
spparates 200 may reprosent a single sense cwronit for 8 stngle baline. The appvatus 306
may mclade a sense cwonit 220 that wses a wordhne wodel cirowt 210 o provide an
adpasted sense reference voltage sigaal SYREFM o compensate for inereased wordime
voltage which may be coused by carvent leakage along the wordline, The sense cirowst 220
s conpled to 3 memory vell 230 though # bithne 226, An impedauce of the bithing is
reprasented by bithine Joad 2800 A selector device 240, such as & bipolar selector deviee 13
coupled 0 the memory cell 230 amd is configured 1o select the memory cell 230 R
WMoY #ocess responsive o bemng actreated by o owordhoe coupled 1o a base of the
selector device 248, The wordlive and ssxoctated wordhing driver are represented hy
wordline and Setver(x) 230 ss mupadances RWLDR and BWILL The wordling nusdsd cirowt
3 awludes a RWLDRM conponent sud a2 RWIM resistive component 1o model the
tnpedances RWLDR and RWL, respectively, of the wordhoe driver(s} and wordhoe 230,
The RWLDRM component may model the RWLDR unpedance and a gam (B} of the
solector dovice 340, For example, an nopadance of the RWLDRM componemt miay be
approxmaaiely egaal o RWLDRAGH L The RWLM resistive component nay model the

RWL onpedance and the B gadn of the bipolar device 240, For example, an inpedancs of

-3
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{0024

[25)

{0026

the RWLM resistive componert may be approxamately equsl to BWLASBH)  The
RWLDR unpedance may represent 8 word hne dnver impedance, such as an impedancs of
at teast one of the first wordling drtver 150 and the second wordhing dover 132 of FIG. 1
The RWL smpedance may presem ot feast g portton of mapedance of sowordhne, such s at

teast g portion of an pedance of the wordhne 160 of FIG. 1

oy

The sense cirewt 220 also provides an sense outpat signal SENSEOUT based on a
comparison between g voltage of s awplifier ocutpat signgl AMPOUT and 8 hatline
voltage VBL.  The sense circont 220 may mwlude an amplifier 222 to provide the
AMPOUT signal, and funther nchude a comparator 228 10 perform the comparison. The
ordel wordhine wrowst 210 may melude st least @ purtion of the model wordline crcait 110
of FIGL T The sense cwropit 220 may include one of the sense crrouits 120N of FIGL 1
The wranory cell 230 and e selector dovice 240 way inchude at least one of the swomory
cells 130{0-N) and the selector devices 14O{0-N3, respeetively, of FIG 1. The wurdhine
aved drvver{s} 250 may mohade at least a porton of the first wordlive dryver 130, the second

wordhine derver 152 and the wordline 160 of FIGL L.

The ampdifier 223 may be g differental amphifier configored o recerve the

SVREFM voltags from the model wordline virondt 210 at o fiest input. The amplifier 222
may be forther configored to vecerve a bithine voltage VBL at & second wput. The
amplifier 222 way produce the AMPOUT stgnal at o st output and an model amplifier
oatput signal AMPOUTM at a second output, each based on the first mpat and the second
mpul, The AMPOUTM signal may be fod back to the fost input of the aophifier 2220 In

an enhodiment, the AMPOUTM signal iy spprosimately egual 1o the AMPOUT signal.

The comparator 228 may be conflyred 1o recetve the AMPOUT signal af a first
st aend fo vecetve the VRL voltage st a second mpot. The Brst mpat of the comparator
238 may be coupled o the second aput of the comparator 228 via the lumiter wrowit 224,
The AMPOUT signal may be fad back o the bithine vig the Himiter cirouit 334, In an
enbodument, the hrmter civcunt 324 may mclude a diode par coopled m pavaliel, with the

diode DO having 8 forward dirgction from the first inpat 1o the second wpot and & dtode DI
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having a forward direction from the second mput to the fisst inpul. In an alternative
embodiment, the hmter oot 224 may mclude a renistive component. The hmster circnst

224 vaay hmit & voltage differential hetween the Arst inp and the second yaput.

In operation, & refercoce aurent IREF 1x provided w0 the bithine 228 The IREF
current 13 & constant current provided o the buhne during a read opurstion, Based oo the
reference curvent, the bithine 226 s precharged o spproximately the SVREF voltage (e,
the VBL voltage is approximately equal to the SVREF voltage) via the AMPOUT sigual of
the amphifter 222 provided to the balme 226 through the DO diode of the hmter ot
224, The SVREF voltage may be approsimately equal to the SVREFM voltage, Whaen the
selectn device 240 i enabled, an ICELL ouwvent, wihich may depend on the state of the
memory cell and the IREF current, bapis to flow through the bitline 226, As the HOBLL
rrront Hows, current may Jeak throogh the base of the selecter dovice 240 througd the
wordline and driver(s) 350, The current leakags may cause an increase i wordling voltage
{e.g, near the base of the selector device 240), and consequently, may result in & reduction
w oread margin, The noresse i wordhine voliage may be equivalent & vollage SVA
across & word hine divver nopedasce RWELDR, phs 3 voltage SVB across & word fine

wpedance RWLL

The amplifier 222 provides an AMPOUTM signal responsive 10 the morease in
wordliine voltage that causes & model cell carrent ICELLM o How through the wordine
woded ciceait 21 The ]OELLM curvent Sowing through the wordime wmoded oot 210
may cause a voltage of the SVREFM stgnal o change by the sum vodtags of SVAM and
SVEM, The change n the SVREFM signal models the snorease m wordhine voltags due to
the current leakags through the hase of the selsctor devive 340 {eg, SVARIVE) The
sroplifier 222 vesponds by providing an AMPOUT signad that adjusts the VBL voltage
{through the Lmmter circun 224} o compensate fur the ncreased wordlme voltage {s.u.,
VBL = AVREF + §VA + SVB)Y The comparstor 228 wony compare the voltage of the

AMPOUTY signal to the VBL voliags responstve to selection by the selector device 340 and

G
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provide the SENSEOUT sigaall The SENSE QUT sigual voay represent a stawe {o.g.,

pnpedance) of the memaory call 238

0029} In an embodiment, the first input of the amphifier 222 15 2 non-ivverting mput
Thas, feedmyg back the AMPOLITM signal to the fivst input of the amplhifier 222 forms a
positive feedback systenn. To prevent instabality (e, oscillanon) in the postiive feadback
systern, the RWLDRM mopedance andfor the RWLM mpedance may be sdiusted to result
in a feedback gain of the positive feedback systems of less than ove.  Ap example of
adjusting the model wordline driver smpedance s discussed forther with reference to FIG

.

3y The sense cireait 220 could be replivated for a plovaluy of bithines 1n an aoay, sweh
a8 the apparatus of elatm 1 Also as seould be obvions (o one of cedmary skall w the art,
the RWL mmpedance and the RWLDR mpedance wwy vary for each bitling based on a
feation along the wordline and varfantes o charactenstios of each mdividon] bipolar

divice 240,

{0031} Referring o FIGL 3, a parnonlar iHosteatrve erobodiment of g dual caapn amphfier
giveust s disclosed and genswally destgmated 3000 The dual output amplifier circut 300
may mehude an amplifier 322, The anplifier 322 may be configured 1o receive an adjusted
sense roference voltage signal SVREFM from a model wordhine civcwt 310 at a fst ropt
snd a bathine voltage VBL at & second npat. The arophifier 322 roay also be configured 1o
provide an amphfier ouiput signal AMPOUT from a first ouiput and an model amplifier
output sigosl AMPOUTM from a second output. The model wordbine cuonit 310 may
wctade at least a portion of the wode] wordline ot 110 of FIG. | andior the mndet
worgdline cirewt 210 of FGL 2. The amplifier 323 may include the amplifier 222 of FIG. 2,

and may e woloded w the sense coant 120 of FIG 1 andfor the seose crrount 220 of FHG.

T

{332 The aopdifier 3223 may be g differentiad amplifier configered o recenve e

SVREFM voltage from the model wordline circuit 310 at a gate of a second fransistor 352

iQ
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[0033]

[0034]

st & bitline voltage VBL 8t o gate of & foonth transistor 367 and a gate of a sixth transistor
372, The amphfier 322 may be provide the AMPOUT signal st a Hirst ouipug node
between ¢ thivd transistor 360 and the foorth fransistor 362 and the AMPOUTM signal at a
second output node between g Hfth gansistor 370 and the sixth transistor 3720 The
AMPOUT and the AMPOUTM signals may cach be based on the first mpatl and the

secoant mput. The AMPOLITM signal may be fod baek 1o the gate of the second mangistor

332, In an embodiment) the AMPOUTM signal 15 approxmately equal to the AMPOUT
sugd
The second tranststor 352 and a fest trangsistor 350 may form g Hrst qurvent mrvor

conit with the fousth wanxidor 302 and the thind transistor 360, For example, the fisst
travaistor 330 coupled 1w sertgs with the second tanststor 352 A sowce of the fhwt
transistor 3530 1 configored to recove a first power source fo.g., @ VO power source and
a sourcs of the second transistor 332 is configurad © recsive a sevond powsr source {e.g., a
grovnd povwer source). & gate of the st gansistor 330 13 coupled o the deam of the
second transistor 332, A gate of the second ransisdor 332 13 configured to recmive the
SVREFM voltage that & adjusted by the model wordhne cirast 3180 & source of the thard
transistor 3640 38 configued o socorve the first power sowee and 8 sowree of the fourth

trausister 362w configured to recetve the secondd power sowrce. A gate of the thaed

transador 368 & coupled to the garie. of the first transistor 330 and 38 pate of the fourth
transister 362 is vondigored 1o receive the VBL voltage, The AMPOUTM siznal may

&

provided af a wde between the thid transustor 360 angd the fourth transistor 362, The

AMPOUTM signal 1s fod back to the gate of the second tranststor 382,

e\

Addaionally, the second transistor 353 and a fivst transistor 350 may form & secomd

current muror oircult with the sixth transistor 372 and the Afth tansistor 370, For

exanype, the [t transistor 370 s coupled m senes with the sixth transistar 372, A soutce
of the fifth wansistor 370 s configured 0 recerve the fiest power source and & source of the

sixth transistor 372 i configured 1o vevetve the secomd power sowrce. A gate of the fifth

py

transistor 370 & voupled to the gate of the first travsistor 330 and & pate of the sixth

ii
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tramsistor 373 configured o recerve the VBL voltage. The AMPOUT signal is provided at
a node between the fifth mansistor 370 and the sixth transistor 372 In an embodimens, the

fiyst corrent nHrTor Ciroud i nearly wWentica! 1o the second current mirror Sirowt,

As would be obvios o one ordinartdy skilled m the art, the amplifier 322 could be

tgiemented using other snplifier seclutectures, such as an amplifier using bipolar
junction transistors.  The amplifier 322 may provade the AMPOUT sigoal snd the
AMPOUTM signal having charactedistics that atteropt 1o equalize the VBL voltage
recerved @t the gate of the sixth gransistor 372 andfor the fourth tansistor 362 with the

SVREFM voltage recetved at the gate of the second transisior 332,

Referring to FIG 4, a pasticelar dhastrative embodiment of an model wordhine
detver s disclosed and generally designated model wordlime driver 4000 The model
wordiing detver 400 may be vonfigered 1o wiodelt a wordline driver wnpedance. The moded
weordling dover 400 wmay be configured o receive 8 sonse reftrence voltage signal SVREF
amd provide an output vollage VOUT. The model wordbine daver S00 viay include the
furst model wordhme driver 112 andéor the second model wordhne dnver 14 of FIG. 1
The modet wordline drtver 400 may be inchided m the RWLDRM component of the

model wordline ctrouit 210 of FHG. 2, anddfor the model weondiine oiroait 318 of FIG. 3.

The model wordhne debver 400 may be @ follower circut that wochudes a first
transistor 430 and g second tansistor 432 coupled iy serigs, and fanther twlodes and g
third fraosistor 440 and a fourth ansisior 442 coupled m series. A dram of the first
transisior 43¢ 15 coupled 1o a fust power scurce {e.z, & VOU power source) via a first
cyrvent regulstor 420 and 8 dran of the second tramssstor 432 15 coupled to a second power
sorce (2.2, 3 ground power sowrced via a second current repulator 422, A gate of the first
transistor 430 may be coupled 1o the dramt of the Brst transistor 4300 & gate of the second

travaior 432 mav be coupled to the drain of the second fravsistor 432,

A dramn of the thud gansistor 940 15 coupled to the fivst poveer source and a dram of

the foueth transitor 442 15 coupled o the second power source. A gate of the third
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tramsistoy 40 may be coupled o the gate of the frst tanguistor 430, A pwte of the founth
ransistor 442 may be coupled to the gate of the second bramsmior 4320 An ot
reststance ROUT 430 may be coupled to a node between the thurd transistor 440 and the
founth rransistor 443, and the VOUT vodtage may be provided via the ROUT 453 The
ROUT 430 may be configured to model an impedance at an outpat of g wordime driver,

such s the wordhneg dervers 130 and 152 of FIGL 1,

{00391 In opewation, the SVREF voltage is recerved at a node between the first transistor
430 and the secomd transistor 4320 A current 1 along o path through the Hirst transistor
430 and the second tansistor 432 s controlled by a fivst corrant regudator 420 and a second
cwrrent regdator 4320 A cwrrsnt 12 Soves alonyg o path through the thud tansistor 4481 A
maodel cell cevent [CELLM Hows through the ROUT resistance 430 and o g node
boetweon the thivd transistor 440 and the fourth travssstor 442, Thos, 8 corrent mcluding the
current 12 plus the HUELLM cwrent Hows through the fourth transistor 443, The cuwrrent 1
1 adposted 0 control the corrent Howing through the foorth vansistor 4420 A voltage
differsntial between the SYREF voliage and the VOUT voltage may be indicative of an
apparent resrstance through the fmoth ransstor 442 that models & wpedance associated

serth & word hine driver,

HEEETH The second awrvent regalator 422 miay be noplemented wsing other voltage control

eiroanty or adpestatide resistancs circpdts © model the resistance of the word e driver,

U Fir, 5 dlosteates 3 wemory 360 according o an embodiment of the present
wyvention.  The memory 500 meludes 8 memory aray 330 with & plarality of memory
colle, The memory cells may be non-volatile memory cells, sach sy NAND Hash cells,

phase change memory oslls, or may gensrally be any type of memory calls,

{042 Command signals, addrens signals and wiite data signals may be provided o the
menry SO0 a5 sety of seguential mputioutput (CHOT) stgnaly ransmitted thiomgh an VO
bas 32& Spmlarly, read dats signaly may be provided from the wemory 300 through the

FO bus A28, The ¥ bus 528 iy connected to an FO comrol wut 320 that routes the
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sigoals betecen the FO bos 328 and an internal data bos 833, an internal address bus 524,
and an internal command bus 3260 The memory 308 also melades a control logic anst 510
that receives a mumber of control sigoals oither externally or through the command bus 536

to constrol the operation of the wemaory SHL

0043} The address bus 524 apphes block-row address signals 1o & row decoder S40 aad
columm address signals to g columuy decoder S8 The row decoder 340 and column
decoder S8 may be used to select blocks of memory or memwwy cells for memory
operations, for example, read, program, and grase operations.  The column decoder 350
iy enable weite data signals 10 be applied to columng of wemory corresponding 1o the
codomn address sigonals amd allow read dats stunsls 0 be voupled from volumus

corvesponding o the colamn address sipnals,

{EEE In rexponsg to the memory commands decoded by the convol fogie unit 510, the
mernory cells i the army 330 are vead, programmied, ov erased, Read, program, and srase
cireuis 368 coupled o the memory array 530 receve control siguals fromy the control logie
vt 310 and wolude current generators for generating various reforence corrents for read,
progras and evase operations. The read, prograen and evase circuts 368 may be coupled to

The mods! wordhing cironit 323 may nclude the model

a model wordline it
wording oiroudt 110 of FIG. 1L the model wordline circuit 210 of FIG. 2. the muoded
wordhine circuit 310 of FIG. 3, the model wordline driver 400 of FIG. 4 andfor any
cornbination thersofl For example, the model wordhine cwrcant 323 may be comBimasd to
compensate for cwrent leakage along o wordhing by medeling correspondmy impedance of
a wordbme and a wordling driver to morsase # covespondmg celf current flowing through a
memory ool nsed § vead operation. The read, program and ergse olrouts 368 may include
the sense cirouit 12000-N) of FIG. 1, the sense cirouit 220 of FIG. 2, the anphifter 322 of
FIG. 3, anddor any comiunation thereofl  In additon to the signal bne drrvers in the row
degoder 3440 anddor column decoder 35, one or wore of the vollage genevators or other

reasd, program, and srase cirouits 508 may also melude signal line drivers

14
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0045} Afler the row address signals have beon applied 1o the address bus 834, the 1O
corstrol wmit 3380 routes write data stgnals to a cache regaster 370, The write data signaly are
stored fin the cache register 370 10 successive sets each having g stee corvesponding to the
wighh of the 1O bus 828, The cache register S70 sequentially stores the sets of write dta
signals for sy entive vow or page of memory colls 1 the array 3300 Al of the stored write
date signaly ave then wed 0 program 8 row or page of memaory cells i the arvay 530
selected by the block-row address coupled throngh the address bas 3240 In g stlar
manner, during a read operation, data stenals from a row o block of memory cells selected
by the block-row address coupled through the address bus 824 wre stored 1n & data regaster
S8G. Sets of daty signals comresponding i size to the width of the FO bus 328 ave then
sequentially mansforred through the FO control umit 520 from the data register 580 to the

O bus |

{0046} Those of ordinary skill would fiuther appraciate that the various Hustrative logival
blocks, configurations, modoles, ciroaits, and algorthm steps desenbed w conmection with
the smbodiments disclosed herein may be mnplemented as wlevtronic havdware, compater
software execoted by a processor, or combinetions of both Vamous dlustrainee
components, Mocks, confipwrations, nadides, ooy, and steps have been desenibed
shove generally 1 terms of thetr functionality, Whether sach functionality s implemented
as hardware or processor executable mstructions depends on the particular application and
design constraints wnposed on the overall systermn. Skilled artisans may maplenment the

esortbed  fonctionality m varying wavs for sach particolar spplication, but such
splementation decisions should not be interpreted as cansing & departure frow the scope

of the present discloswre,

047} The previons deseription of the disclosed embodiments 18 provided 1o enable a
persent shitled m the st to maks or use the disvlosed smbodiments. Various modifications
o these ewbodiments will be readily apparsat 1o those skilled i the pt, sud the prnciples
defined herein may be spplied to other smbodimsnts without depacting from the scope of

the disclosure.  Thus, the present disclosurs 1 not intended to be lted to the

i5
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entbodinents showen heremn but s to be sccorded the widest scope possible consistent with

the priweiples and soved featires gy defined by the follwmyg ol

18]
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AT IS CLAIMED IS:

L An apperatys comprising

a bithine;

a memeory osll couplad to the bathing;

a selector device coupled to the nretory cell;

a wontline coupled to 3 base of the selector device;

a wordline driver coupled 1o the wordling;

a model wordline carout configured o model an impedanve of the wordhne and an
tpedance of the wordhine dover; and

a sense cirawt conpled o the bithne and 1o the model wordline cirawt, the sense
crrentt configured o sense g state of the memory cell based on a cell cwrvent
and provide & sense signal wdicating & state of the menory coll, the semse
civendt further configured o adinst a bitling voltage respomsive 1o 8n

werease i wordhine voltage as modeled by the model wordline cireul.

2. The spparatus of clanm 1, wherein the sense ciroml comprises a comparaiy
configred 1o compare the bittine voltage with a vohage of s amphifier output signal,

whergin the amplifier cutput signal s based on the adpusted bithne voltage.

3 The apparatus of claim 2, wheram the comparator receives the ampliffer sutput
signal at & fiest input and regebves the bithine voltage at « second past, wherem the first

mpat i coupled 1o the second inpot by a hmdter cirouit,

4. The apparatus of elatm 3 whersin the hmiter cirowit comprises a diods pair,

5. The aspparatus of clawm 2, wheretn the sense cirvad further comprises an
amplifier confipured to provide the sroplifier cntpat sigoal based on the butlive voltage and

the wordhineg voltage gs modeled by the model wordling orcut, wherein the bitline voliage

P
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is recervad at a first oput of the woplifier and the wordlime voltage as modeled by the

mrodad wordhine cuawt s recetved af 8 second wiput of the amphher.

6. The apparatus of claim 5, wherein the amplifier i further confipured to provide

a model amphifier output signal based on the ithine voltage and the wordline voltage o

back to the first tapat of the amplifier.

7. The apparaius of claim 6, whercin the amphiier is & differcnyal amplhifier.

8. The apparatus of olabm {, whergin the mamory cell comprises 8 phase chaspe

msmory vell

9. The apparstas of clatm 1, wherein the selector desvice comprises a hapolar

Ul ranasior,

L The apparstus of claim 1, wheram the wode] wordline ciroutt comprises:

& veststive component configared o ywodal the mpedance of at least 8 portion of
the wordling, the resistive component coupled to the sense circuit to provide
an output voltage and

a follinwer cwawst coupled 1 senies with the resistive component, the follonwer
oircatt configured o receive a sense reference voltage, the followser wircuit
configured o model the inmpedance of the wordling driver, whereln 2
voltage differential between the sense referenve vollage and sn ouipst
voltage camused by & muxdsd menwwy cell current through the resistive
componeat and the follevwsr crcuit represents a voltage drop across the &t

least a portion of the wordline and the wordhing diyver,



WO 2014/130315 PCT/US2014/015975

11, The apparstus of claim 10, wheran the selector device comprises » bipolar
selector device, wherein an snpedance of the resistive component and an impedance of the

follower oirowt sre cach further hased oo a g of the bipolar selector device,

12, The sppasstus of clanm 1, wherein the unpedance of te follower oot 13

acdjustable,

13, The apparstus of vlatm 11, wherein the follower circult comyprises:

a st wanststor couplad oo sones with @ second traosistor, wherein a drain of the
first transistor 18 coupded to a first power source via a first currend regulator
and & dram of the second tansistor s coupled 0 a sotomd power sowree vig
a second current regulator, wherein a pate of the first wansistor is coupled to
the dramn of the first transistor and wherein a gate of the second transistor 18
coupled o the dran of the second transistor, wherem the sense reforence
voltage 15 received &t @ node between the fisst ransistor and the sscond
trasaistor) and

2 third wansistor coupled i serfes with a fowrth tnsstor, wheram a drain of the
third transistor w coupled to the frst power sooree and a dram of the fowrth
transistor &5 coupled to the second power sogree, wherein g gale of the third
travsistor i couplad to the gate of the first transistor and a gate of the fourth
transistor 18 coupled o the gate of the second tansistor, wherein the
follower circwit i configured to provide a follower circuit culpat fo the
restative component at 8 node betwesn the thind transistor and the fourth
transiztor, wherem the outpat s controlled by at least one of the frst Qurrent
regulatr and the second current regulator.

T A sense ool Comprsmg

ary amplifier configured to provide a first signal and @ second signal, whersm the
first signal and the second signal ave based on a bithe voltage and a sense

reference voltage adiustad based on an impedance of &t least a portion of a

in
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wordline, wherein the bithne voltage 1s recetved at & Hrst mput and the
sense reference voltage adiosted based on an snpedance of at feast @ portion
of & wordline 18 recetved at 9 second input, wheretn the first stgngl s fed

back to the second mput; and

A comnpargtor configured to provide gn outpat signal mdicgting & state of ¢ memory

cell based on a voltage of the second sigaal and the bithine voliage.

I3, The sense crowtt of clam 14, wherein the amphifier comprises:

a first transsstor coupled m sentes with & second transistor, wherem a sowrce of the

first transistor s configurad 1o recetve a first power sowee and a dran of
the second tamssior s configured to receive a second power souree,
whersin 8 pste of the first transistor s coupled w0 a drain of the first
travaistoy and wherem a gate of the second transistor w configured o
receive the sense refrence voltage that i adjusied by the word ling model

CHOGH

a third wansistor coupled m seniss with a fourth ansustor, wheram a soures of the

third transistor w0 configured o receive the fivst power source and & sowree
of the fourth tramistor i configured to recetve the sscond power sswaee,

wherein & gate of the third wansistor 18 coupled to the gate of the fust

transistor ad @ gate of the fourth transistor 1z conhigured to receive the
tailine voltage, whereln the first signal i provided at a node betwesn the
third transistor and the frth tnosistor, wherein the st signal is fed back

1o the gate of the second transistor, and

a fifth tnwsstor coupled m senes with a sixth fransistor, wheremn a source of the

fifth pransistor is configured o recetve the first power sowrce snd g souree
of the sixth transistor is configured o receive the secoml power sowree,
wherein & gate of the Hfth transistor 15 couplad to the gate of the first
tranststor and a gate of the sixth wansistor 18 configured to meeive the
bathine voltage, wherein the second signal & provided st 2 node bevween the

fifth tranasstor and the sixth traosistor.

20
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16, The sense cueuit of cladm 15, fiwther comprising a Hatter cirenit coupled to

the fivst and second inputs of the comparator.

{7, The sense circuit of claim 16, wherein the limiter eircuit comprises a first diode
coupled i paratiel wih a second dicde batween the fust inpwt and the second fnput,
wherein the first diode includes a forward direction from she fiest input to the second input

and the second diods includes & Rirward direction from the second tnput 1o the first input,

18, The sense cirowit of oleim 16, wherein the Homier aropt fether comprises g

resistive component,

19, A method, comprising:

precharging a bitliae of a memory device fo a precharge voltage, wherein the
precharge voltage is based on a sense reference voltage adjusted based on
an increase in g wordline voliage;

enabling & selector device coupled o the bithise, wherein enabling the device
causes a cell current to fleny through the bitling and

detsrmining a state of a memory cell coupled 10 the bitdine based on a bitline

voltage resulting frow the cell current.

20. The methad of claim 19, whereln determining the state of the memory oell
coupled to the bitline based on the cell current comprises:
providing an amplifier output sigoal based on the adjusted sense reference voltage
anct a voltage of the bitline; and

comparing the amplifier signal to the bithine voltage.

21. The method of elaim 20, Ruather comprising:
providing a second amplifier cutput signal based on the adjusted sense reference
voltage and the bitline voltage; and

adjusting the adjusted sense vefersnce voltage based on the sevond anaplifier signal.
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22, The method of clamm 19, wherem adjusting the sense reference voltape based

on the morgase m the wordhine voltage comprises:

providing & sense reference voltage at first node of a model wordline otvawt;
sehavetn the model wordline cireudt s approcimately squal to the mpedace
assocnded wih the wordhne and one or more wordime drivers:

providing a model carrent from g second node through the mode! wordlime cirant
to an appromimate elecical equivalent of the fust node of the model
wordline corawit, whersin the model cwrvent v approdimaishy equal w3
curvent flowing through the memory cell; and

providmyg s vedtage gt the second node of the model wordline cirout s the adjusted

sense referenve vollage.

23, The method of claim 19, wherein the memory cell 15 a phage change meamory

2 A method, comprisiags

reosiving a sonse reference voltage @t & moded wordling cienit, wherem an
mpedance of the model wordling cwromt s approxamately equal to an
impedance of @ least a portion of a wordhne and wordhine doiver of a
DHINOTY ATV

providing a model cell curvent through the model wordlne cirowt;

acdiusting the sense reference voliage based on the sense reference voltage phs a
voltage based on the model cell current flowing throueh the model wordhne
orreat.

35, The method of clan 24, Rorther conprising adjusting an mopadance of the

model wordhine cirowt based on a gawn of an amphifier of the sense cuowt

26, The method of claim 25, wherein adjusting the impedance of the model

wordline cuonit eomprises comrolimg 8 carrent regulator of a follower cirawt,

i
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