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

{001 Embodiments of the mvention relate geverally 1o slectronic memories, and more

particalarty, @ one or nuwe of the iHosteated smbodiments, to compenssting fy norsasing

wordline vl caused by leakage vurrents from memory cell selectors,

UL Certam mmory avchitestures are susceptible o corrend feakage from a bithoe
through a bipolar selector devive 10 a wordling during memary gocsss operstions,  Cuwrrent
foakags through the bipolar selector devive to the wordline can lead o an morsasad
waordiine vodtags, which may cause fuciuations in current of & sense signal providad on the
bithine, That is, an noreased wordline voltage may reduce 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 o inaccuvate reading of a mewmory woll.

SUMMARY

{DN3] Example apparatuses, sense cucots and methods are disclosed hersn, An example
apparstas may molude 3 bithine, a memaory cell coupled to the bitling, and a sslevtor device
cuoupled fo the memory cell. The example appavatusy may further inchade 8 wordline
coupled w0 § base of the bpolwr selector device, and & wordling driver coupled o the
wordling. The example apparatus may further mclade 3 model wordline viraut configurad
to model an impedange of the wordline and an mpedance of the wordling driver, and a
sense crronit coupled o the bithine and o the model wordline cirouit, The sense circodt may
be configured o sense g state of the msmory cell based on a cell current, and o provide a

sonse signal fndicating a state of the menwwy celll The sense chrcutt may be forther

configured to adjust a bitdine vollage respowsive 1o an ncrense m wordhne voliage s

nwnleled by the model wordling circait.
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[0006]

00T

Ant exgmple sense cronit naay include an woplifier configured to provide a first
srgnal and 8 second xignal. The, first signal and the second signal may be based on g bithne
vohtage and 2 sense reference voltage adiosted based on an impedance of at least a portion
of a wordline. The bithine voltage may be received at a frst ingng and the sense roference
vollage may be gdjusted based on gn ampedance of gt least a portion of g wordhne ©
received &t & second mput. The first signal may be fod back 1o the second input. The
exaraple sense oot may funther mehude a comparator configured to provide an ontput
stgnad mdivating a state of a memory coll based on a voltage of the secomnd signal and the

bathine voltage.

An example methed may molede precharging @ thoe of the memory device v a
precharge voltage. The the precharge voltage may be based on a sense refirence voltage
aciusted based on an morease v 2 wordlme voltage. The cxample method may Durther
mchide snabling # selector device coupled 1o the hithine, Enabling of the bipolar device
way cause 3 cell current 1o How through the baline, The example method way futher
molude deterniimng 3 state of & msmory cell coupled o the Inthine based on a budine

voltage resultiog from the cell curvent.

Another example method may inclade recelving a sense raforenve voltage ot a
modal wordbime cicait. The nopedance of the wodel wordbime  ovcag may be
approxinately equal o an impedance of at least a portion of a wordhive and wordhne
deyver of 3 memory amay, The another example method may further inchude providing a
model cell current through the mndel wordline ctivuit, and adjusting the sense refersnce
voltage based on the sense refersnce vodtaps pha g voltage based on the modsd vell curremt

flowing throueh the model wordhing cirouit,

BRIEF DESCRIFTION QF THE DRAWINGS

FIG. 1 s a block diagrany of & particudar dlustrative embodunent of an apparatus

mciuding a medel wordbme circust and sense ciroust:

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

pretadiig a model wordhme coeut and sense cwou;

jo009] FIG. 3 s g block disgram of a particular Hustrative embodiment of & dual outpat

anplifier oot

eI FIG. 4 is a block dlagram of a particular tostrative smbodimanmt of a model

wordline deiver; and

{0011} FIG. 5 e & block disgram of & memory tncluding & wodel wordline circuit and

sense oirgwt according to an embadiment of the disclosure,

BETAILED RDESCRIPTION

ja 2} Certan details are set forth below o provide a suflicient understandhing of
smbodiments of the disclosure. However, it will be clear to one having skill in the at that
gmbodiments of the disclosire may be practiced withme these partivelar  detatls.
Muoreover, the paricular embodiments of the preseat disclosure desortbed hersn are
providied by eay of sxampls and shoald not be used to Tima the scops of the disclosure to

these particular embodiments,

jout 3 Referning to FIG. 1, a particular iHustrative embodiment of an apparatay meluding
a mnlal wordhing ciroutt sud seose oirouil 1s disvlosed and geverally desigoated 100, The

apparatus may be an infegrated circuit, 8 memary devics, § memary sysism, an electonie

\..

deviog oF system, & st phone, & tablet, 8 computer, & sorver, ste. The apparatus 100
may compensate for a voltage morsase on the wordhine during & read operation due to
current legkage through a selector devive, such s g bipolar selector device, The appamius
100 may wclude o pharadity of bubises 12H0-N) As iHostrated m FHGL 1, each bitline
124{0-NY 15 coupled to a respective memory cell 130{0-N) that 5 coupled i series with a
respective seloctor device BMO-NY The selector devices THO{0WN} sre husivated w FIG.
T ay PNP bipolar junction vansistors, (ther types of ctrants may be nsed for the selector

devices HOO-NY without departing from the scope of the presemt disclosure.  Although

")
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FIG, | lustrates one memory coll IMYO-NY for each bitling 124(0N), a plurality of
memory cells may be coupled to each bitlne. Hmbodiments of the disclosure may be ased
with bitlines coupled 1o one or more memory cells, & base of each selector device
F4G(0-MY may be coupled w0 @ wordline 160, The appavates 100 may further swlude a
ploraly of conse ooty 1RO00-NY that ave each configured o sense g respective oell
current HORLEL{O-N} flowing through the respective bitline 124(0-N}. The respeotive
FCELLEO-N) current indicates 2 state of the corresponding memory cell 130Ny Eachof
the sense oircwsty 120{0-N} comnpares the respective HUELLGG-KY aavent with quevent
generated based on g reference voltage SVREFD-NY  The SVREFDN) voltage may be
acdhusted based on an uppedance of & wordhae and wordhue dover. The SVRERFER-NG

vedtage may be adjusted by a model wordline ot 110,

{014} The model wordhine cirowt 110 may inclade a first model wordhne deiver 112 and
a sevond mods! wordline devver 114, each coupled to a model wordline 118, The first
rodel wordhine driver 112 and the second moded wordline driver 114 may each model at
tewst one of a first wordline deiver and  second wordhing driver {e.g., wordling drivers 153G
and 182) to drive & voltage on the model wordline 118 The model wordhoe 118 may be
of a similar matenal anddor bave santlar oloctnical charactonistios of the wordlme 1680 The
model wordline resistance comaponents 116{0-N) may model topedance along at feast a

portion of the wordline 164

{ER] Each of the sense oircaits FINERNT may be couplod 1o a respective tnthoe 120N}

and may be configured to may diive the respective HUBELL{G-NY current along the
respetive bitlme 124(0-N} Further, each of the sense circuits 12HENY may be coupled to
the model wordline circuit 110 and may be configured to provide a respactive modsl sense
current JCELLM{O-NY to the model wordline 118, Bach of the sense cuouits 120{0-N)
may alse provide 3 respective sense out stgnal SENSE OUT(0-NY which may mdicats the

state of the respective menrory el I3G-N)L

{001 61 Fach of the memory celly 13N} may be conbigared o store data. In oan

embodimen, each of the memory cells DOO-N) 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 wprogrammed state and @ programmed state. The phase change memory
material may have a distioor wmpedance for each stare, T an embodiment, the phase
change memory materzal may include & chalcogende alloy, such as an alloy of germantam,

antinony and telluenam (GelbTe}, called GST.

L1 In operation, during 8 memory scoess operstion, each of the seose crrouit 120{0-N}
mdy precharge each respective bitline 124{0-N) to the SYREF voliage prior sensing. In
aceitson, the first wordlme doreer 130 and the second wordlme driver 132 drive an memmory
access vohtage along the wordline 164 1o enable each of the selector device FO{O-N),
When a selecter devive 140(0-N} s enabled, the vorvesponding OELLG-NY vurvent Hlowws
through the respective memory cell 1I30{0-N), The nwpninude of the ICELL{O-NY carrent
18 based o the state {eg, nopedance} of the respective momory coll IMHG-NY Based on
the respective ICELLLO-N) current, each of the sense circuits 120(0-K) may provide 2

respective SENSE OUTO-NY sigmal A magnttude of the SENSE QUTO-NY signad

mdicates the state of the rexpective menuy cell 130(0-N1, and, accordingly, may mdicaie

a data valpe stored by the respective memory cell I3EONG

{0018} The selpctor devices HOD-N} mway leak current through the bases  the wordline
160, For example, FIG. 1 depiers cell corvent RUELL L{O-NY and cell cwrvent ICELL
REGNY leaking through the base of a selector device H4O(0-N) to the wordline 168, The
cwrrant feakage causes an moreasy i voltage of the wordhine bocause the wordhoe 168, the
first wordhine dovver 150, and the sscond wordhne driver 152 have non-zere impedances,
The wordline voltage increase may reducs base-enmitsr voltages VER of the sslestor
deviges THNG-NYL  As a consegquence, the ICELL{O-N} current for each sense chromd
120(0-N) may be reduced. The magnitude of cwrrent legkage through the base of each
sedector devios 140(0-N) may depend on a gain (B) of the selsctor devive TGN, an
vapedancs of the wordline 160, gu vupedance of the fust wordline driver 150 gad the

second wordhne drivee 132, and a state of the vorrespomnling msmory cell 130{0-N}

‘1
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0019} In some smbodiments, compensation for oressed wordling voltage resunlting from
the leskage current ey be dynesucally adpested and may be based on several
dependencies,  For example, each of the sense owopits 120{0-N) mayv use the model
wordling cirenit 110 o compensate for the increased wordhne voltage by modeling the
merease w wordime voltage, snd compensating (e.g., woregsmg) the SVREF voltage by an
amount that s based on the voltage morease. Compensating the SVREF voltage may
tncrease the ICELL cwrents, and, thus uaprove the voltage margin for sensing the ICELL

LUrTents.

0020} To model the morease i wordline voltage, each of the sense couats 120(0-N)
drives a respeotive awode] oall carrent BUELL MUGENY throsh the model wordhne 18 and
throagh ot lenst one of the fisst wordline detver 112 anad the second wordlae dover 114,
sidar to the RUELL curront of the wordhne 160, For example, the ICELL M{O-NY aurromt

may be divided o two componemts, fw example, model cell cirrent ICELL ML{O-N

ad model cedl corvery WELL MR{G-NY Responsive to the ICELL M (N} current dniven
throagh the msde! wordling 118 and through st leaxt ong of the first mode! weordline dover
112 and the second model wordhne driver 114 by a corresponding sense circust 120068-N),
the covrospording sense epput 1I2000-N} wiay use 4 voltage differentral alony the model
wordhine 18 {e.g., based on the model wordline resistance TISHNY and an wapedance of
the {irst modad wordlme detver 112 and the second model wordline drver 114} to adpast

{g, mersase) the corresponding SVREFIO-NT voltage, Respousive o adiustiment of the

correspondmg SVREFO-NY voltage by the corssponding sensg clrowt 120(0-N), the
eopresponding ICELLLO-NY corvent along the respective bithine 1240-N) 15 adjusted {o.g.,

morgased).  Increasing, for example, the ICELL{G-N) current {rasponsive 1 the adjusted

corresponding SVRENGWN} o componsate for the incrsssed wordhoe voltage may
morsase the acvuracy of the duta sensed from & mumory call 13HONY durmg 8 read

operation,

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

apparatus 100 may melade sy number of bithives, Suunilarly, although one wordline 16,

&
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and assoviated wordhne devvers PR 132, and sefector devices TGN are thustrated
FIGL, the apparates may mclude any nomber of wordhnes, and assocated wordhne
drivers, snd selector devices, Also, each of the model wordbine resistance components

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

0022 Compensating for moreased wordline voltage, wloch may cause a decrease tn the
sense signal, by using the mwodel wordhine aircunt 110 may increase the voltage margin for
sensing the ICELL curents, and imgwove seose accumey of each of the sense ciowts
120(0-N). The sense cwouts 120(0-N), m vonjanction with the model wordhne circut
110, may provide g dynanue compensanion solution by using a model of the respective

ICELL{O-NY currst thronsgh the buhine to determune the ncrsased vurrent.

{00231 Reforring fo FIG. 2, a particuky idlustrattve embodiment of an appavatos inchuding

# model wordhne ciroost saud sense cirepst i disclosed and gengrally designated 2000 The

spparates 200 may represent a single sense cuonit for 8 stngle baline. The apparatus 200

may mclade a sense owomt 220 that uses g wordhne mwodel chrowt 210 o provide an
adpated sense reference voltage signal SYREFM 1o compensate for inereased wordime
voltage which may be coused by current leakage along the wordline, The sense cirowt 220
s coupled to 3 memory vell 230 though 3 bitling 226, An impedauce of the hithing is
represented by bithine Joad 280, A selector device 240, such as 8 bipolar selector device, i3
counpled o the memory cell 230 and is configured o select the msnory cell 230 R
WMoY #ocess responsive 10 bamg activated by 3 wordhoe coupled 1o a base of the
sefector device 248, The wordline angd ssxoctated wordhing driver are represented hy
wordlms and Seiver(s) 230 ss wnpedances RWLDR and BWILL The wordhins pusdsd cirowt
3 awlades a RWLDRM component sud a2 RWIM resistive component o model the
tpedances RWLDR and RWL, respectively, of the wordhoe driver(s} and wordhoe 230,
The RWLDRM component may meodel the RWLDR unpedasce and a gam (B} of the
selector dovice 340, For exaople, an hopadance of the RWLDRM componem miay be
approxmaaiely egaal o RWLDRAGHDL The RWLM resistive vomponent may model the

RWL onpedance and the B gain of the bipolar device 240, For example, an unpedancs of

-3
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{124}

[25]

{0025

the RWLM resistive component sy be approximately equsl o BWLAG+L),  The
RWLDR mpedance may represent @ word hne dnver impedance, such as an impedance of
at teast one of the first wordling detver 150 and the second wordhing dovver 132 of FIG. 1
The RWL smpedance may presem at feast a portton of mapedance of s wordhne, such as at

teast & portron of an mpedance of the wordhne 160 of FIG. 1

o

The sense circwt 220 also provides an sense output signal SENSEOUT based on a
comparison between g voltage of sy awplifier outpat signgl AMPOUT and 8 hitline
voltage VBL,  The sense cucart 2230 may mxlede an amplifier 222 to provide the
AMPOUT signal, and funher include a comparator 228 10 perform the comparison. The
orodel wordhine wirowst 210 may molude st feast 8 purtion of the model wordline clrcait 110
of FIGL T The sense cwrouit 220 may inchude one of the sense crouts 1280-NY of FIGL 1
The wravory cell 230 and the seloctoy dovice 240 may inchude at least one of the wmomory
cells 130{0-NY and the selector davices 14O{0-N}, respeetively, of FIG 1. The wrdhine
avd drever{s} 250 may mohade st Jeast & portton of the first wordlie dryver 130, the second

wordhine drtver 1532 and the wordline 160 of FIG L.

The ampdifier 223 may be oa differental amphifier configored to recerve the

SVREFM voltags fom the model wordline circudt 210 at o first input. The amplifier 222
may be forther configoered o vecerve g bithing voltage VBL at & second wput. The
amplifier 222 way produce the AMPOUT stgnal at o st output and an model amplifier
output signsl AMPOUTM at 8 seconsd output, each based on the first mpat and the second
mput, The AMPOUTM signal may be fod back to the fust input of the amphifier 3230 In

an enbodiment, the AMPOUTM signal s spprosimately equal 1o the AMPOUT stgmal

The comparator 238 may be conftgured to receive the AMPOUT signsl of a first
st aad fo veceive the VBL voltage at & second mpot. The Brst mput of the comparator
228 may be couplad 10 the second mpat of the comparator 228 via the lumster carawt 224
The AMPOUT signal may be fod back o the bithine vig the Himiter cucuit 334, In an
enbodunent, the hrmter ciroit 234 may melude a diode par coopled m pavalied, with the

dide DO having 8 forward direction from the first inpat 1o the seoond wpot and & dtode DI
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127}

(3028

having a forward direction from the second mput to the fisst inpul. In an alternative
snbodmet, the oter oot 224 may mclude a resistive compoent. The hmter eircust

224 vuay hmit & voltage differentig! between the first inpat and the second yaput.

In operatton, & reference ouret IREF i provided o the bislime 226, The IREP
cwrrent i3 & constant gwrrent provided w0 the buhne during a read opurstion, Based oo the
reference curvent, the bithine 226 13 precharged o spproximately the SVREF voltage (e,
the VBL voltage is approximately equal to the SVREF voltage) viag the AMPOUT sigual of
the amphiter 222 provided to the bitlme 226 through the DO diode of the hamter ot
224, The SVREF voltage may be approximately equal to the SVREFM voltage. When the
selectr device 240 i enabled, an ICELL ourvent, wihich may depend on the state of the
memory ool and the IREF cwrvent, beptns o flow through the bitline 226, As the HIELL
curront Hows, current may Jesk through the base of the selector doviee 240 througd the
wordline and driver(s) 350, The current leakags may causs an increase i wordling voltage
{2 near the base of the selector device 240), and consequently, may result in & reduction
wm oread margin, The noresse m wordlme voliage may be equivalent 0 & vollage SVA
across a word hine devver nopedasce RWELDR, phs 3 voltage SVB across 3 word fime

pedance RWLL

The amplifier 222 provides an AMPOUTM signal responsive o the morease in
wordliine voltage that causes a mode! cell current ICELLM o How through the wordlne
woded ciceait 21 The ]KOELLM current Sowing through the wordime moded oot 210
may cause 8 voltage of the SVYREFM stanal o change by the sum voldtags of SVAM and
SVEBM, The change i the SVREFM signal models the snorease  wordhine voltags due to
the current leakage through the hase of the selsctor devive 340 {eg, SVALIVE) The
srapiifier 222 responds by providing an AMPOUT signal that adjusts the VBL voltage
{through the hmmter circunr 234} W0 compensate for the ncreased wordime voltage {e.u.,
VBL = AVREF + §VA + SVB)Y The comparstor 228 wmay compare the voltage of the

AMPOUTY signal to the VBL vodtags responsive to selection by the selector device 24{1 and

G
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provide the SENSEOUT signall The SENSE QUT signal may represent a stawe {o.g.,

pnpedance) of the memory call 230,

0029} In an embodiment, the first nput of the amplifier 222 15 2 non-invverting mput
Thus, feedmyg back the AMPOUTM signal to the first input of the amphfier 222 forms a
positive feedback systenn. To prevent instabality (e, oscillanon) in the postiive feadback
system, the RWLDRM uopedance andfor the RWLM mnpedance may be adjusted o result
in a feedback gain of the positive feedback systemy of less than ove.  An example of
adiusting the model wordline driver impedance s discussed Forther with reference to FIG

4.

3y The sense cireait 220 could be replivated for a plovaluty of bitlines in an aoray, sweh
as the apparatus of elatm 1 Also as would be obvions (0 one of cedmary skall w the art,
the RWL mmpedance and the RWLDR mpedance wwy vary for each bitling based on a
weation along the sordling and varlances o charaotenstics of each mdividoal bipolar

device 240,

{0031} Referring to FIGL 3, a paricnlar iusteatrve ewnbodiment of g dual canpan amphlfier
gt 1k disclosed and geneeally desiguated 300 The daal owput amplsfier circuit 300
may mehude an amplifier 322, The amplifier 322 may be configured 1o receive an adjusted
sense reference voltage signal SYREFM from a model wordhine civcwt 310 at a fst woput
snd a hithine voltage VBL at ¢ second tnpat. The amophifier 322 roay also be configured 1o
provide an amphifier ouiput signal AMPOUT from a first ouiput and an model amplifier
output sigusl AMPOUTM from a second output. The model wordbine cuenit 310 may
welade at {east a portion of the wodel wordline cucust 110 of FIG. 1) andior the mndet
worgdline cirewt 210 of FlG 20 The amplifier 323 may include the amplifier 222 of FIG. 2,

and may be welonded i the senge oot 120 of FIG 1 andfor the seose crroant 220 of FIG.

{HIR NS The aopdifier 322 may be s differentiad amplifier configered o recenve e

SVREFM voliage from the model wordling circuit 310 at a gate of a second fransistor 352

iQ
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st & bitline voltage VBL at g gate of a foonth transistor 367 and a gate of a sixth transisior
372 The amphifier 322 may be provide the AMPOUT signal st a Birst oatpug node
between ¢ thivd transistor 360 and the foarth fransistor 362 and the AMPOUTM signal at a
second output node between g fifih travsistor 370 and the sixth transistor 3720 The
AMPOUT and the AMPOUTM siguals may cach be based on the first wmpat and the

secoant mput. The AMPOLITM stgnal may be fed back 1o the gate of the second trangistor

332, In an embodiment, the AMPOUTM signal 15 approxmately equal to the AMPOUT
stgvaad.
{00331 The second transistor 332 and a fivst transistor 330 may Rorm &8st cuent mirvor

cionit with the fourth ansistor 3062 and the thind transistor 360, For example, the first
tramststor 350 coupled i series with the second tramsistor 3320 A sowee of the figt
transistor 350 1 configared to recorve g st power source §o.g., & VO power sourced and
a soures of the sevond fransistor 332 s configured (o receive a sevond powsr sowce {e.g. a
grovnd povwer source). & gate of the frst gansistor 330 13 coupled o the deam of the
second transistor 332, A gate of the second ransisdor 332 13 configured to recsive the
SVREFM voltage that & adjusted by the model wordline crrant 3100 A source of the thrd
transistor 3648 18 confimued to recorve the first power sowee and 8 sowree of the foorth
trausister 362w configured to recebve the secondd power source. A gate of the thaed
24

transador 368 5 coupled o the gate of the first transistor 330 and 8 gate of the fourth

32 is vonfigured fo receive the VBL voliage. The AMPOUTTM signal nay be

&

.)x

transiston 2
prenvided at 8 node between the thind ransistor 3640 and the fourth wansistor 362, The

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

[33341 Addirionally, the second transistor 352 and a Orst travsistor 350 may form a second

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

exanye, the i transistor 370 15 coupled m senes with the sixth transistar 372, A soutce
of the fifth wansistor 370 s configured 0 recerve the fiest power source and a source of the

R e

sixth transiator 372 i configured to reverve the secomd power sowrce. A uate of the fifth

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

ii
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HHI36]

{037

[0038]

tramsistor 373 configured o recerve the VBL voltage. The AMPOUT signal s provided at
a node between the fifth transistor 370 and the suvth transistor 3720 In an embodiment, the

first corrent nHrTor Cirouy s nearky identics! 1o the second currery mirvor civowt,

As would be obvious o one ordinasdy skilled m the art, the amplifier 322 could ba
tglomented using other sphifier arclutectures, such as an amplifier using bipolar
junction transistors.  The amplifier 322 may provide the AMPOUT sigoal snd the
AMPOUTM signal having characteristics that atteropt 1o equalize the VBL voltage
recerved at the gate of the sixth transistor 372 andfor the fourth tansistor 362 with the

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

Refernng to FIG. 4, & pastioslar dhastrative embodiment of an model wordhine
deiver s disclosed and geverally designated model wordline driver 4000 The model
wordiing depver 400 may be vonfigered 1o miodet a wordline dviver wnpedance. The moded
wordhing dover 400 way be configurad o receive 8 sense reforence voltage signal SVREF
amd provide an output voligge VOUT. The model wordbine dever S0 vay include the
first model wordhme driver 112 andéor the second model wordhne dnver 14 of FIG. 1
The modet wordling driver 400 may be inchided m the RWLDRM component of the

model wordine ctrouit 210 of FIG. 2, anddor the model weondline ohroait 310 of FIG. 3.

The model wordlne driver 400 may be ¢ follower civcult that wochudes a first
transisior 430 and s second transistor 432 coupled iy serigs, and forther elodes and 8
third fraosistor 440 and a founh bansisior 442 coupled m series. A dram of the first
transisior 43¢ 15 coupled 10 a fst power scurce {e.z, & VOU power source} via a frst
cyrvent repulator 420 and 8 dran of the second tramssstor 432 15 coupled to a second power
sorce (2.2, 3 ground power source) via a second current repulator 4220 A gate of the first
transistor 430 may be coupled to the deam of the Brst transistor 4300 & gate of the second

tramsstor 432 may be coupled 1o the dram of the second ansiskor 433,

A drawn of the third sansistor 440 15 coupled to the fivst poveer sowrce and a dram of

the fouerth transitor 847 15 coupled to the sscond power source. A gate of the thad
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tramsistoy 40 may be coupled o the gate of the frst tranuisgtor 430 A awte of the founth
transistor 442 misy be coupled to the gate of the second tramssior 4320 An output
reststance ROUT 430 may be conpled to a node between the thurd transistor 440 and the
founth fransistor 443 and the VOUT voltage may be provided via the ROUT 453 The
ROUT 430 may be configared to model an impedance at ay outpat of g wordime driver,

sach as the wordhng dorvers 130 and 152 of FIG. 1,

{00391 In operation, the SVREF voltage IS recerved at a node between the first transistor
430 and the sevond transistor 4320 A curent 11 along a path through the first transistor
430 and the second wansistor 432 s controlled by a fivst corrent regudator 430 and a second
cyrrend regnedator 4330 A st 12 floaws alony o path through the thud tansistor 4480 A
madel cell cevent [CELLM Hows through the ROUT resistance 430 and o a node
betwoon the third transistor 440 and the fourth travssstor 442, Thos, 8 corrent including the
current I3 plus the HUELLM current flows through the fourth transistor 443, The cwrrent 1
1% adjosted @ control the curvery Bowing through the foorth sansistor 4420 A voltage
differsntial between the SYREF volage and the VOUT voltage may be mndicative of an
apparent resrstance through the frth fransistor 442 that models & wpedance associated

with & word line drtver.

0040 The second awrvent regolator 422 may be moplemented wsing other voltage control

eiroanty or adpostatide resistance cucns o muodel the resistance of the sord e driver,

UL Fir, 5 dlosteates & woemory 300 according o an ewbodiment of the present
wyvention.  The memory 300 includes a mamory armay 330 with & phuality of memory
colle. The memory cells may be non-volatile memory cells, sach sy NAND Hash cells,

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

042 Command signals, address signals and wiite data sigeals may be provided o the

mentry SO0 a3 ety of seguential mputioutput CLOT) stgnals transmitted thiomgh an FO
bus 32& Sinlarly, read data signals may be provided from the memory 300 through the

FO bus 828, The ¥ bus 328 13 connected to an FO comtrol wut 320 that routss the
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sigoals betecen the FO bos 328 and an invernal data bos 832, an intersal address bus 524,
arwd an internal command s S260 The memory SO0 also mictades g control logse ot 310
that receives a mumber of control signals enher externally or through the command bus 538

to constrol the operation of the memory KL

{00431 The address bus 5324 apphies block-row address signals 1o a row decoder S40 and
colonm address signals to g colunmy decoder S8 The row decoder 344 and coluom
decoder 35 may bo esed to select blocks of memory or mmemery cells for memory
operations, for example, vead, program, and grase operations.  The column decoder 330
may enable weite data signals 1o be applied to columng of wemory corresponding 1o the
codomn address signals and sllow read data stunals 0 be voupled from volumms

corvesponding o the colanm address signals,

4] In responsg to the memory commands decosded by the conwol logie unit 510, the
oenory Cells i the armry 334 ave vead, programmed, ov erased. Read, program, and erase
crcwis 368 coupled o the memory avvay 330 recerve control siguals from the control logie
vt 310 and wolude current generators for generating vavious reforence corrents for read,

prograsy and evase operations. The read, prograen and evase circuts 368 may be coupled to

The model wordling vircnit 323 may include the model

a model wordline ot 3
wordling oiroudt 110 of FIG. 1, the model wordhine circuit 210 of FIG. 2. the moded
wordhine circust 310 of FIG, 3, the model wordline driver 400 of FIG. 4 andior any
coanbination thersofl For example, the model wordhne owean 323 may be confimuasd to
compersate for cwrrent leakage along o wordhing by medeling correspondmyg tmpedance of
a wordime and 8 wordlme driver to norsase # corvespondmyg cell urrent Howing through a
memory ool used § vead operation. The read, program and erase oirowts 368 may include

sense cirowit 12000-N) of FIG. 1) the sense cwouit 220 of FIG. 2, the amphiier 322 of

-
pecas
43
rJ

FIG. 3, andfor any comdunation therenfl Iy addison to the signal line drivers i the row
devoder S40 andfor colunm decoder 334, one or wore of the voltage penevators or other

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

14
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0045 After the row address signals have been applied 1o the address bus 534, the VO
costtrod wnt 328 roates write data signals to 3 cache register 370, The wiite data signals are
stored f1n the cache register 700 successtve sets each having g stee corvesponding to the
wighh of the 1O bus 828, The cache register S7TO sequentially stores the sets of write dita
sigmals for sy entive vow or page of memory colls m the array 3300 Al of the stored write
dute signaly ave then wed 0 program a row or page of memaory cells i the arvay S30
selected by the block-row address coupled throngh the address bas 3240 In o stlar
manner, duriag a read operation, data sygals from a ronw o block of memory colls selected
by the block-row address coupled through the address bas 824 are stored 1n & data register
383G, Sets of data signals corresponding i size to the width of the FO bus 328 ave then
sequentially wansforred through the FO control umit 520 from the data register 580 to the

1O bus 328,

{0046} Those of ordinary skill would further appreciate that the various iHhustrative logival
blocks, configurations, modales, Giroaits, and algorthm steps desenbed w conmectiont with
the smbodiments disclosed herein may be unplemented as wlevtronic havdware, wompater
software execoted by a processor, or combunetions of both, Vamous dlustraine
components, Mocks, configurations, modudes, coeans, and steps have been desenibed
ahove generally 1 terms of thetr functionality, Whether sach functonality s implemented
as hardware or processor executable mstructions depends on the particular application and
destgn constraints wnposed on the overall system.  Skilled artisans may maplement the

esortbed  fonctionality m varving wayvs for sach particolar spplication, but such
suplementation decisions shoukd not be nterpreted as cansing & departare frow the scope

of ths present discloswre,

0047} The previons deseription of the disclosed embodiments 18 provided 1o enable a
persest shitled m the sl to make or wse the disvlosed smbodiments. Varous modifications
o these ewbodiments will be readiby apparsat 1o those skilled 1 the art, sud the principles
defined herein may be spphied to other smbodimsnts without depacting from the scope of

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

i3
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entbodiments shown heremn bot i o be accorded the widest scope possible consistent wath

the prineiples and noved featwes as defined by the follovwmg clams

16
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AT IS CLAIMED IS

1 An apperatys comprising

a bitline;

a memary osll couplid 1o the bathine;

a selector device coupled o the memory cell;

a wontline coupled o 3 hase of the selector device;

a wordline driver coupled 1 the wordling;

a model wordline carcuit configured o model an impedanve of the wordhng and an
impedance of the wordhine dover; and

a sense cirawt coupled to the bithne and 1o the model wordline cirawt, the sense
crrentt configured o sense a state of the memory cell based on a cell cuwrvent
and provide g sense signal wdicating & state of the menory cell, the semse
civent further configured o adinst a bitling voltage respomsive to an

worease inwordhine voltage as modeled by the model wordline circuis.

2. The spparatus of clatm 1, wherein the sense circml comprises a comparaiy
configwred 1o compare the bithne voltage with a vohage of s amphifier output signal,

whergin the amplifier cutput signal is based on the adpusted bitlne voltage.

¥ The apparatus of claim 2, whersn the comparator receives the amplifier oupg
signal at & first input and recetves the bithine voltage at « second mpast, wherem the first

mpat s coupled 1o the second input by a Hmiter cirouit,

4, The apparatus of ¢latm 3, wherein the hmiter cirouit comprises a diode pair,

3, The appasatus of clam 2, whersin the sense cirvayt furthey comprises an
amplifier configured o provide the sraplifier contpat sigoal based on the butline voltage and

the wordhine voltage gs modeled by the model wordling oircust, wherein the bitline voltage

L
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is recervad at a first oput of the moplififer and the wordlime voltage as modeled by the

moded wordhine vt s recerved at 8 second nyng of the amphifier,

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 wordling voltage 8

back to the first tapat of the amplifier,

7. The apparntus of olais 6, whersin the amphiier is & differenytal amplhifier.

8. The apparatus of olaim 1, whersin the mamory cell comprises 8 phase chaspe

mamory vell

9. The apparstay of clam 1, wherein the selector device comprises a hipolar

Ut ranaisior,

1 The apparstus of claun 1, wheram the mode] wordline cirouit comprises:

& vesistive component configured o yodsal the mpedamwe of at least & portion of
the wordling, the resistive component coupled to the sense circuit to provide
an output visltage: and

a follinwer cwawst coupled 1 senies with the resistive component, the follonwer
circalt configured o veveive a sense reference voltage, the followser wirawt
configured o model the impedance of the wordline driver, whereln 2
volage differennal betwsen the sense referenve vollage and sn owipst
voltage caused by 3 pusld mevwwy cell current through the resistive
component and the followsr arvuit represents a voltage drop across the &t

lzast a portion of the wordline and the wordhine dryver.
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11, The apparatus of olaim 10, wheran the selector device comprises w bipolar
selector device, wherein an anpedance of the resstive component and an pedance of the

follower cirout sre cach funther hased on a g of the bipolar selector devies,

12, The sppasstus of clamn T wherein the inpedance of the follower cirouit is

adjustable,

13, The apparatus of olatim 11, wherein the follower circult comyprises:

a st anststor coupled moseries with @ second transistor, where a drain of the
first transistor s coupled to a first power source via a first currend regulator
and & dram of the second transistor s coupled 0 a socomd 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 8
coupled to the dran of the second transistor, wherem the sense reference
voltage 15 recetved st 3 node between the first transistor and the sscond
fransistor; and

a third trangistor coupled i serfes with a fowth tomsistor, wherany a drain of the
third transistor 1 coupled to the Hrst power soorce and a dram of the fowrth
transistor &5 coupled to the second power soaree, wherein g gale of the third
travsistor i coupled to the gate of the first ransistor and a gate of the fourth
transistor 18 coupled to the gate of the second toansistor, wherein the
follower circudt 38 configured to provide a follower circuit oulpat fo the
restative component at 3 node betwesn the thind transistor and the fourth
transiztor, wherem the outpat s controlled by at least one of the first Gurrent
regulatr and the second current regulator,

T4 A sense Cloul COmpHIsIng

ary amplifier configwred 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 adivsied based on an impedance of &t lsast a portion of a

i9
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wordline, wherein the bithine voltage 18 recetved at a Hrst mput and the
sense reference vollage adjusted based on an snpedance of at {east 8 portion
of & wordling 15 received at 8 second input, whereln the first stgngl s fed

back w the second wput; and

a comnparator configured fo provide gn outpat signal mdicgting & state of 8 memory

cell based on @ voltage of the second sigaal and the bitline voltage.

13, The sense croust of clany 14, wheretn the amphifier comprises:

a first ranssstor coupled 1 sentes with & second ranssstor, wherem a sowrce of the

first transistor s configurad 1o recetve a first power sowee and a dran of
the second trmmistor s configired o receive a second powsr souree,
whersin 3 gate of the first transistor & coupled 1o a drain of the first
travaistor and wheremy a gate of the second transistor s configured to
receive the sense reforency voltage that i adjusied by the word ling model

CHOGH

a third ansistor coupled i seriss with a fourth ansistor, wheram a soures of the

third transistor &8 configured fo receive the fivst power source and & souwree
of the fourth wanatsior v configured to receive the sscond power swgee,

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

transistor il @ gate of the fourth transistor 13 conbigured to receive the
tniline voltsge, wherein the first slgnal i provided at a node betwesn the
third transistor and the fourth tnosistor, wherein the st signal is fed back

1o the gate of the second transistor, and

a fifth tnwsistor coupled m osentes with a sixth fransistor, wheremn a source of the

fifth pransistor s configured o recetve the first power sowrce sad g souree
of the sixth transistor is configured o receive the secoml power sowree,
wherein & gate of the Nfh transistor 13 couplad o the gate of the fhwt
tranststor and a gate of the sixth wansistor 18 configured o meeeive the
bathine voltage, wherein the second signal & provided st a2 node between the

fifth tranasstor and the sl transistor,

20
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16, The sense cireuit of clavm 15, further comprising a larter ciroutt coupled 1o

the fivst and second inputs of the comparator.

¢

.}

The sense ciroudt of claim 16, wherein the limiter civeuit comprises a Hest dinde
coupled 1w parstiel with & second diode between the first inpat and the second mput,
whereint the first dicde includes a forward direction fram the fisst input to the second Input

and the second dinde includes g forward divgction from the second yput to the first input.

i

L~

The sense cwcan of olpim 16, wherein the Honter cirouit further comprises g

TESISTIVE COMPONTY,

19, A method, comprising

precharging a thoe of the memory device o a pracharge voltage, whremn the
prechavge voltage 18 based on a sense reference vollage adjusted based on
an increase in g wordline voltage;

apabling # selector device coupled 0 the bithoe, wharein enabling the device
causes a cell vurrent to flow through the bithing; and

determining 2 state of 3§ memory cell coupled 1o the bitline based on a bitling

voltage resudiing from the cell current.

20. The method of dlaim 19, whersm defermming the state of the memory cell
coupled to the bithme based on the exll cwrent comprises:
providing an amphifier output signal based on the adjusted sense reforence voltage
and a voltage of the bithine; and

companing the amplifier signal to the bithae voltage.

21, The method of claim 28, further comprismg
providing a second amplifier ovtpin signad based on the adjusted sense reforence
voltage and the bitline voltags; and

adiusting the sdjusted sense refersnce voltags based on the sevond amphifier signal.
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22, The method of clanm 19, wherem adjusting the sense reference voltape based

on the morgase w the wordline voltage comprises:

providing & sense reforence voltage at first node of a model wordline ofvawy;
sehavetn the model wordline cireut 18 spprocimately squal to the mpedance
assocrted with the wordhne and one or more wordime drivers:

providing a model carrent from g second node through the mode! wordlime cirant
to an approximste elecincal equivalent of the fust node of the model
wordline cirawst, whersin the model cwrvent 38 approdimaishy el w3
curvent flowing through the memory cell; and

providmyg s vodtage at the second node of the model wordline coroutt as the adjusted

sense referenve vollage.

23, The method of clam 1B, wherein the memory cell 15 a phage change memory

2 A method, compusing

reosiving a sonse refvrence voltage 8t & model wordling oo, wherem an
tpedance of the model wordlineg ciromt 15 approxamately equal to an
impedance of at least a portion of a wordhine and wordhine driver of a
DWIHOTY ATy,

providing a model cell current through the model wordlme cirowt;

adiusting the sense refbvence voliage based on the sense reference voltage phs a
voltage based on the model cell current flowing throueh the model wordhne
oot

23, The method of olabm 24, Frther comprising adjusting an mopadance of the

wodel wordhne coont based on & gan of an amphifier ofthe sense chrowt

26, The method of olaim 25, wherein adjusting the mpedance of the model

wordling cuouit eomprises comtrolling s corrent regulator of a follower cirawst,

i
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