READI NG CI RCU T FOR A RESI STI VE MEMORY CELL Cross-Reference To
Rel at ed Application 5[0001] This application clainms the benefit of
priority of US provisional application No. 61/637,345, filed 24 Apri
2012, the content of it being hereby incorporated by reference inits
entirety for all purposes. Technical Field 10 [0002] Various

enbodi nents relate to a reading circuit for a resistive nmenory cell.
Background 15 [ O00BEARSNGSCIRCAIITAOR A RESISTSVRBMBENYRYRBEM. i s an
energi ng non-vol atile nmenory (NVM whose basic idea is that a
dielectric, which is normally insulating, can be nade to conduct
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of faster wite time, smaller wite power, and | arger resistance
ratio. 25 However, RRAMcells are subjected to within-die resistance
vari ati ons and readi ng- Technical Field
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[0002] Various embodiments relate to a reading circuit for a resistive memory cell,

Background

15 [0003] Resistive random-access memory (RRAM) is an emerging non-volatile
memory (NVM) whose basic idea is that a dielectric, which is normally insulating, can be
made to conduct through a filament or conduction path formed after the application of a
sufficiently high voltage. The conduction path formation can arise from different
mechanisms, including defects, metal migration, etc. Once the filament is formed, it may

20 be reset (broken, resulting in high resistance)} or set (re-formed, resulting in lower
resistance) by an appropriately applied voltage,

[0004] As compared to other NVMs such as phase-change random-access
memory (PCRAM) and magnetoresistive random-access memory (MRAM), RRAM has
the advantages of faster write time, smaller write power, and larger resistance ratio.

25 However, RRAM cells are subjected to within-die resistance variations and reading-
voltage-dependent disturbance, demanding a careful control of the reading voltage.

[0005] In NVM reading circuits, a current sensing scheme is generally used in phase-
change RAM and MRAM, as shown in FIG. 1, to achieve a faster read speed than a
voltage sensing scheme. A similar current sensing scheme may also be used for RRAM.

30  [0006] FIG. 1 shows a schematic view of a conventional current sensing amplifier 100

for resistive random-access memory (RRAM). The current sensing amplifier 100 includes



vol t age- dependent di st urbance, demanding a careful control of the
readi.ng voltage. [0005] In NVMMreading circuits, a current sensing
schene is generally used in phase-change RAM and MRAM as shown in
FIG 1, to achieve a faster read speed than a voltage sensi ng schene.
A simlar current sensing schene may al so be used for RRAM 30[ 0006]
FIG 1 shows a schematic view of a conventional current sensing
anplifiera ﬁﬁeﬁ) p-crannd snstbl vede aadizomdco: (EMESOt3hs{sRRAGR, aTdaemﬂquﬁ

sensing a Jfler 100, . s alfir -ch el netal

serm condEIsEIf Pltss fblf@%@@f&an%% 1‘35 sié%ﬁ@nﬁwj{é@ FEBRENA 05 afiyat ny
third PM@RahiiedN et Obxid®OsenfichRMEl P s?r ARRiH60r11208,  @chid tMoOS
n- channel netal oxide sem conductor (NMOS) transistor 112, a second

NMOS t r arfsansistor 114,4, thizd NMO P trapateon ilgns foarsNMOS, traamﬁt@m 1% afhIMOS
t ransist tNR/E&%I r

tr ansfit g?an%@ gl ah& ta@l : Ir s{ahg%&ﬁér)a{ar%%g secong%dg
t ransi st crecdrf@PMICHS trahsBMi)Sl(m el BMOS tafsjstdroldoet ﬂnﬂm\/IOSammstomrIOS
108, firs ransi st 112, NVOS tr thir
105, 111 kel LEBR5E 2, A" SRR eSS L) Rt 16

transi st opudR MO tfahxbbr M&rmﬁ)ﬁrmms%&azo%a@ﬁ&n NRAYS Bassigor 122st
node (NI), a second node Né and a gate node (G . 10100071 The

respectl\/Té*"H’ep'id‘sflly1?*1@*}’d3ef§f$‘(1?‘\}|d)3 f), @ggepndrode(Rl2X gndgy gapmde {Eansi st or 102,
secong, P Ar P [ t

Cr anaiist oPP g eive i pddht (6 ok bEHE MROPMERD-ARAE 82 PollE™
poi nt, VIEMODBetrasswnd Oﬂpdmd(M)i)SoﬂrartsfsmrfmﬁsdndFﬂvml tPﬁ\&DSltmhmstoﬂ(DQS aree
coupl ed to t ond node (N th second tran 04,
Che, ot e SBES (SSEIGE TRl & prs YRS PORL Y 1 GBe SAn ABtGRF Shdte
(O 15 offikheVEEs aaskidbORA Eu%rtﬁju Iegrtoltﬁél,sewﬁalr@dé TR,)S 6 BB reftEP(RIR)
of the fourth PMOS transi stor are cousl ed to the second node éNZ)

of the tHrangisorbhithe gar apds (Ci)ocrf the phard JAMES Hrsaeisies) 0¢amd the sate dadwl(CG)
PMOS {4 a -gat@4n NYOR,

trans%sgt 2(? gt %Eco#ﬁgq%g}?o{rﬂ&ns ﬁ4 ﬁ?ngt R E&Bﬁi ?‘ ggé E{Iﬁﬁﬁjft ransulnélt%hrdo 02
may be c duq.mbxs@r 1168 arefdoupled (bmtlpwt:cowd'@d(s @ii)pjf tH6hjrdViIMOB ttahsistere temdhe
node (N2) ou ansi st may . be coypled.to
second out} euPo @ ?OB’F S)ecl\%zm&%ﬁé &?résésﬁ c dgg’teegaﬁeoﬂ‘%‘ge t@)oﬂﬁheefgg%
of the fiNBOPWMESistdrani Thekechdd nadé (Nbeafftﬁbllﬁé’t HWOS (tansis®i 30D mal O
may receive a first enable S|gnal EN1) is may nean that the first

enabl e sigHBled teEpdiyst gRpUReds (HBY WBII%BWtSF%ﬂndtlﬁée OYre phitie dpurds PMRS

respegti v t t
5D YRuBE DG SHGRICE ARERRRELAE (A1 P 20 Syl s

100081 Th@dSSeﬁ(E))mf qaoll of thefjrsioPMOSetrangistom d 0P ther fangh SMPS 1@usisiod1G8he

bt nos gt e USSR TSR ARt P 6o

and the fri#sbe laﬁqba)y(:&dlc) cGJfltrdlh:Be speatich DIVIEG fesR08VS taE nddes aidehenoe pheed

t oget her. Accordi n% é resg_ ective second nodes (N2), of the fi rst
{07 °%Fnd’ &

PMOS 30t r'&HSFYYeor°P RohYIPMosensisigisil 64 ofndy ohe  fgnah ¢ P
firstysnodgntilo) 108, the first NMOS transistor 112 are coupled to the

gat e node SC? of the third PMOS transistor 106
08] The second node (N2) of the second PMOS transistor 104 and the first node (N})

of the first NMOS transistor 112 are coupled together, while the second node (N3) of the
third PMOS transistor 106 and the first node (N;) of the second NMOS transistor 114 are
coupled together. Accordingly, the respective second nodes (N;) of the first PMOS
30 transistor 102 and the second PMOS transistor 104, and the first node (N;) of the first
NMOS transistor 112 are coupled to the gate node (G) of the third PMOS transistor 106



and the gate node (G of the second NMOS transistor 114, while the
respective second nodes (N2) of the third PMOS transistor 106 and the
fourth PMOS transistor 108, and the first node (Ni) of the second
NMOS transi stor 114 are coupled to the gate node (G of the second
PMOS transi stor 104 and the gate node (G of the first NMOS
transistor 112. 5 [0009] The second node (N2) of the first NMOS
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third 20 N transj st or l%}g and .t.he fo.urth((NIFIVDS transi stor. 118. .
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second v%simeppieémaa\{efere];ta@bi&rﬁﬁp%gem@% i59. further coupled to
the first node (N1) of the fifth N transi stor 120, where the
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vol tage point, V2, while the gate node (G of the sixth NMOS
operation of the respective gate nodes and hence the respective operations of the third
20 NMOS transistor 116 and the fourth NMOS transistor 118.
[0012] The cell parasitic capacitor 130 is further coupled to the second voltage point, V5.
The memory cell 132 is further coupled to the first node (N;) of the fifth NMOS
transistor 120, where the second node (N3) of the fifth NMOS transistor 120 is coupled to
the second voltage point, V,, while the gate node (G) of the fifth NMOS transistor 120 is
25  coupled to a word line (WL).
[0013] The reference parasitic capacitor 140 is further coupled to the second voltage
point, V3. The reference cell 142 is further coupled to the first node (N,) of the sixth
NMOS transistor 122, where the second node (N;) of the sixth NMOS transistor 122 is
coupled to the second voltage point, V,, while the gate node (G) of the sixth NMOS

30  transistor 122 is coupled to the word line (WL). The reference cell 142 may include two



30 transistor 122 is coupled to the word line (W). The reference
cell 142 may include two resistors 144a, |44b, coupled in series.
Each of the resistors 144a, 144b, may have a | ow resi stance, RL,

whi ch may be variable. [0014] The first voltage point, VI, nmay be a
power supply line (e.g. VDD), and the second vol tage point, V2, may
be at a potential |lower than VI, for exanple, grounded. 5 [0015]
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Therefore, it has to wait until BL 150 or BL_ref 152 has been discharged to lower than

25 (Vip + Vi), where Vi, and Vg, are the respective threshold voltages of a PMOS
transistor and an NMOS transistor, before raising EN1 to “high”. Otherwise, the current

passing through the NMOS transistor pair of the third NMOS transistor 116 and the

fourth NMOS transistor 118, controlled by the EN2 signal, as shown in FIG. 1, may be

much larger than the cuirent passing through the memory cell 132 (e.g. RRAM cell),

30 resulting in incorrect readings due to the unbalanced loadings of Ceep and Cyr. Therefore,



[0017] In view of the unfavorable factors associated with the
conventional current sensing anplifier 100, there is thus a need for
a current sensing schene capable of 5 handling weak RRAM readi ng
current and sl ow accunul ati on speed. Summary [0018] According to an
enbodi nent, a reading circuit for a resistive nenory cell is 10
provi ded. The reading circuit may include a current source, a

pr echar geths wetsidy s@adined bo sloke Moueom,t theosensieg sﬁeed&ﬂﬁ)ﬁlb&tdﬁer@nﬁed&ﬁ

i ncluding_a fjrst put nade, a secqgn ut_n an output node and
an enabl eﬂﬂwﬁ%eflwheﬁélﬁwl Yﬁelrﬁhem?ge%d&rﬁapcﬂ PiRgetted- t o coupl e
the currephAaHr Gewt o Eﬂeeuﬁ%{}%mgy : rsnggem%dt\b& QRéTEQﬁ%%nag éx?lléhtt

such that the current provi e current source IS provi
the firstsehsipgitampbier 10, etbg’cyis dhpr egieed der 4 Sunohtt wgeingtschdme tapable of

i nput Jode r|n adi n eriod, and to decouple the
current gburgfel ro?nRItiA Ifcf‘élgg “4R ?ncﬂzgﬂ AGOPTAYoR SR Hond reading time
period, wherein the conparator circuit is configured to operate
during a third reading tine period upon application of an enable
signal at the enable node of the cO¥MAYY%r circuit, at |east one
menory cell access switch to enable a current flow through a nmenory
cell or to disable a 20 current flow through a nenory cell, wherein
the at | d&@lslmomtwa@embom@et& seadinghciicyitcfonfai igeistésd mematyt osll &
currepnt fl asy rt| ng. the secaond an

"eadi o (rgeBL THERBL PRk iRy REREE MRl shlinad
circuit ithe tuidodesured Iafcbglqjﬁﬁd)rtcﬁcmﬂmdhlﬁmg&l el inp@enodppd scedind Mphihddde,
first input node mgﬂg'a refere e vol,t applied to the_second |nggt

node and PPWR &P a1 5eblg e redR é’f argq SWiehiy spnbigwed fo e
on the vah @&%erﬁ’rs@lﬁ’é‘é”to e ﬁrE‘teinfn!ItrrﬁJtde'o@ F?l‘rbt cd?l%‘?at&u&fcﬂﬁ sh&?tl‘famﬁedcunent

reading time period. Brief Description of Drawi ngs 30[ 0
the dr awinvgeded by sher @fr@nesmececha:rra‘dde} ¥ @erfe“stampn;t nodf o apldyla Jkrecfpaget S

thr OUQhOUJ gaeald{hff ut"hc?&@scﬁrm ﬂl?s?%égﬁggcﬁfg@ 20bd, UHITR b ﬁfn% Elfehe

scal e, 1S I NS ea genera bel ng pon iITlhustra
pri nci pI emneﬁt dohecifronetiicifost. inn nbhedlﬁmigj ool ediag tipiciperiod, vahwﬁu she
enbodi nents of the inventian are descrlﬁed with. reference to t

fol | owi ngCBPATRgEreuityis gonfgured to apgpsy flppgsa third psading, timenp EPOH
vi ew of  aappRENBALE AR @haiélbigBitat HRNGaPR AR bf tHeSon{patatdt dir@si Sdti1M8t one

random access nenory (RRA
memory cell access switch to enable a current flow through a memory cell or to disable a
20  current flow through a memory cell, wherein the at least one memory cell access switch
is configured to allow a current flow at least partially during the second and the third
reading time periods through the memory cell, wherein the comparator circuit is further
configured to compare a voltage applied to the first input node with a reference voltage
applied to the second input node and to determine a programming state of the memory

25  cell based on the voltage present at the first input node during the third reading time

period.

Brief Description of the Drawings

30 [0019] In the drawings, like reference characters generally refer to like parts throughout

the different views. The drawings are not necessarily to scale, emphasis instead generally



[0021] FIG 2 shows a schematic bl ock diagramof a reading circuit

for a resistive nmenory cell, according to various enbodi nents. [0022]
FIG 3 shows a schematic of a reading circuit for a resistive nenory
cell, according to various enbodi nents. to[0023] FIG 4 shows a

schematic of the timng waveforns for the respective control signals,
according to various enbodi nents. [0024] FIGS. 5A and 5B show
respect i viseiige gilaché nuguas illwtratiendha gpriviciptasi b8 therinva@sionndn hibgh following

resi stance sensing and | Qqw resi stance sensing respectively, accordjng
to vari ou¥SERIBE; g@?ﬁ“éeng@fl%%ﬁ Og mﬁenélﬂﬁ\ﬁge QF%‘Fﬂg?ﬁ ek teleence do thy
a readi nOfpAbkididawiREs 8 Whizd: t 0 various embodi nents Detail ed

Descri ption 20[0026] The foliowi ng detailed description refers to the
acconpanyli0R01d&nil e ws Hatchemanio visy eofad cortventigngk pyrzant sensingpaaplifier for
det ai | ] ' ' t i nvention may be practiced.
These %nbaljg thnggdogfgéc Segsrg?%gﬁlf%@uffi cient detail to enable those
skill ed i[02HeFl6r 2 tlower acthawatichidocln dagtanonf aOrdading editvadi foe rat sesisrye
be utilized and structural, logical,. and el ectrical changes nay be
made wi t HBERONESIr APHGE B RERE CRBHTDE- of t he | nvention. The
various epe|iFTentss vl BOIchOBHRS SRR te¥dilb tdi@bit Yo 4C tdRtiVE medsors QaB,
enbodi ments can be conbined with one or nore other enbodiments to

f or m new AYFHILHR Hakous enbodPREPtsEnbodi nent s descri bed in the context

of  Onf Of o). FTB! NOURR, 991U6A5 31 ANANOGRUY R e [OLeVE ARDSH

nmet ho ice. SImlar escri bed 1 e contex
of a net haghads eccartibpiousbys amabbddiinéros. a devi ce, and vi ce versa.

[ 0028] Fe h are_described. in the context . of an.enbodi nent
oy cor r SABAGRGS! A 680 SpRFE appectis ehaeho iR e PR ST digh,
the ot herregbibdi BBRIME afi@alow assifthat %@in@e%fmédﬂQQyj MckdiBingO Ry Sgtio@f
an enbodi nent_may correspondingly be applicable to the other

embodi nerf@bodEness. i f not explicitly described in these other

enbodj di f.i : rhi nat, | 1.Qr-
a1t or it 10025l 16, L SRR Rl RaF b o eing AR bR 6 Aious
enbodi mengmbpdyments r espondi ngly be applicable to the sane or sinilar
feature in the other enbodi nents.

Detailed Description

20  [0026] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope

25  of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments.

[0027] Embodiments described in the context of one of the methods or devices are
analogously valid for the other method or device. Similarly, embodiments described in

30 the context of a method are analogously valid for a device, and vice versa.



[0029] In the context of various enbodinments, the articles "a", "an"
and "the" as used with regard to a feature or elenent includes a
reference to one or nore of the features or 10el enents. [0030] In the
context of various enbodi nents, the phrase "at |east substantially"”
may include "exactly"” and a reasonabl e variance. [0031] In the
context of various enbodi nents, the term "about"” or "approxi mately"
as appl i €0028) Fratnurhatcre/ddstiébedria dnpaasas of drcembrlirhent ahayecoareshoadingly

reasonabl e var.i apnce. . 15[ 0032], / sed herein, the term"and/or"

i ncl udes b ApPLFARIE 0] e § _?ﬂfa%qnﬁsﬁfsf%weaﬁe thsy ot enhoripgts- Fealies Shatare
listed i tREEibel ARIBE cHiREHO8Sare BRBSH AR ﬁa%%ﬁ&s%oﬁcﬁng@w YopHEeMIE &S the
for exanple, the various enbodi nents of the technol ogy may be rel ated

to readi rghesi pobodimenys, sueroify ngewexpliaitly [droaried viar ithese athisosmhedimsntiay
provide %J@Ehé&&,%%dﬁ%@?9%8&%%@&%‘8@5%1&@%%@&' ag‘ﬁeéc%%f EANEariiede
sensing reading ¢ircuit. e reading circuit nay enploy a Iow

resi st ande th¢ dentseinsf ag cebbédiment mayeadrespindsighy be cpplicble & theadage or

100351 The rleggit&%.ci rcuit ofb arious enbodi nents may be free of high
resi st ancEEFAEEdR teRiRsr SMOAEMEES. and may be with ninimi zed | ow

resi stanqeoiopy (i sédibRWrivaRo@f &RdaiRvnt She artdicsfar ent’ RN SIHAY af LRS-
The reading circuit of various enbodinents may provide 25 accurate

and fast Wwidheicay teianfsatusgiariglamspt peludes & segrangstip one oT Fere efailf fRgtures or

ci recujt OJleI‘M&ﬁ% ous enbodi nents may include a |latch, which may be a
fully dynam c T atched conparator in order to save or reduce the power
consunpt i [0630] [I160BS bonfexti dusiriond edbodintests iy phree i ‘de laastARbihntadldg? mgy

cLroul! Gl ag B SRS Latah ke L LhSt ey be configured Lo
[0031] In the context of various embodiments, the term “about” or “approximately” as
applied to a numeric value encompasses the exact value and a reasonable variance.
15 [0032] As used herein, the term “and/or” includes any and all combinations of one or
more of the associated listed items.
[0033] Various embodiments relate to memory devices, for example, the various
embodiments of the technology may be related to reading circuits of memory devices.
[0034] Various embodiments may provide a resistive random-access memory (RRAM)
20 low resistance side sensing reading circuit. The reading circuit may employ a low
resistance side sensing scheme to read out small current signals.
[0035] The reading circuit of various embodiments may be free of high resistance (Ry)
distribution effect, and may be with minimized low resistance (Ry) distribution effect by
using different sensing times. The reading circuit of various embodiments may provide
25  accurate and fast reading time, with low power consumption. The reading circuit of
various embodiments may include a latch, which may be a fully dynamic latched
comparator in order to save or reduce the power consumption.
[0036] Various embodiments may provide a RRAM reading circuit including a sense
latch circuit that may be configured to turm off after sensing, a high (resistance) side
30  sensing in which a precharge V,..q (read voltage) may be provided to a bit line (BL) node,

such that when the memory cell (RRAM cell) is in a high (resistance) state, the BL node



30 sensing in which a precharge Vread (read voltage) may be provided
to a bit line (BL) node, such that when the nmenory cell (ARAM cell)
isin a high (resistance) state, the BL node nay be maintained at
Vread, and when the nenory cell (RRAMcell) is in a |ow (resistance)
state (e.g. resistance = RL), the BL node may be discharged to
(Iread)<Ru, where Lead is the read current through the nmenory cell
(ARAM celhiy t@nehaRitaingd tdneVigsiaad awhen ahe thenagmody BREIAM (S&RAMsced 19
in alowresistance state. Therefore, the bit 5 lLine gBL) node

be at di flPW EmstapersiiRe. e asingmar Adtidrihe RE nods may i dise @rg%tcb@mm%%
oot Yo kb TR S8 ok Bl BINREAISTLR chond, by, B R il et

provi de aegstaateeirtbs uiem;)r)andl fRBAM e@ljung leweesisiam):fe s r'ﬁwrerfmteethp B0

ns. Vi ri us odi.me no soI e readin nt
15" pr ool aie: GIRRRNE Phobt Angmirs YBledidohet © PG AARE of B
appl i cat |1ﬁélﬁo ryl QO3RR AN Gell$ Iﬁhﬁ%uﬁeﬁlﬁbﬁﬁﬁhﬂs%m 91@5{ bdlaagéa@mwstaanauy

r eadi ng CIrCUIt 200 for a resistive nenory cell, according to various
enbodi nerf’¢d oERiFEANEs of |ike or equival ent features that may be
present | I I

Pator. AV ISLERRE SAPoBIH hal Bode Fouile @R phd F1F rERE LRER of
circuit ZdDQerlmatderﬁ@tledVamlscpnmoelmkﬁmmmwn{ly solw}e thp 6330 reafiineg current

r eadi gbg o] rs U|t t?‘ des E’ é{ﬁntbl Qurce rtechar ge switch
204 cSupl P F‘B 7 U 83(1{“"‘%8&? s8¢ &%&PE’F‘B?I’P&‘ FeWPt 206

i ncl udi ngoe3d)iRIGt 2ishpwt anrelitnaidBblock diegranchfiRudingeiieni220) fan Rk
node 212 and an enabl e node 214, wherein the recharge switch 204 is
confi gur eBERYYESpacEoding o yaFenk erelzmlﬂleeﬂe@zaeale@ RE Ik pisequivalRpt feagpres
node 208 g HB¢ HOMR&RLL hE Hiatigl cidlR S8 R, Lh&if We @é%n%%&eded
by the current” source 202 is provided to the fifst input node

apply a moeempg@g\l@ theangepeative featufdsraftthe reading wodeit 20Bangideneigd an $qua@t
readlﬂg t| 3 ﬁOd’ and to decouple the current source 202 fromthe
first |npu “Kode 208 during a second reading tinme period, wherein the
conpar at qoo3g] rihei readdf@ cirsuit 000 iglidesl at Grepesdaire 202, ianlg"eﬂlat‘ébi $wlitch 204

reading tine gerl d upon 25 aggilcatlon of an e f“l gnalﬁ% t he

enabl e noCG'BPIQ et%éfe’&toﬁ%'é?ea ‘?:lCPE‘B?‘iatoﬁcFG“’“‘ét Protoput

cel | accegge v, taCRcdnbinh@ RAabI & aﬁoﬁHﬂ’u’i ftde i1|2Q4WdtaHreﬁ&Iﬂ@né’dém'I0&/}iel‘éﬁl| |
or to disable a current flowthroug a menory cell, wherein the at

| east oneherprephdyse svitchat(des §01§'m%t02:peplﬁéhecwngww 303 ta theofirshinput
f
currept flaw-ak dfetgé tc?ﬁﬁéﬁa{gog ngm?' Yok Rt Hq% ﬁ%‘:%ﬂaﬁ%vﬁﬁﬁ k{)f‘h{éledcurrent

readi'ng tine perio menory ) erel
conpar at aiou®® (202 tuprbvidOdbta the st inpex no:dmIOSgu mply ti@rechaqga veltagevan Itliea@et

el o el b P o0, 208, o el SLENGE HeLLe REL LY
from the first input node 208 during a second reading time period, wherein the

comparator circuit 206 is configured to operate during a third reading time period upon

25  application of an enable signal at the enable node 214 of the comparator circuit 206, at

least one memory cell access switch 216 to enable a current flow through a memory cell

or to disable a current flow through a memory cell, wherein the at least one memory cell

access switch 216 is configured to allow a current flow at least partially during the second

and the third reading time periods through the memory cell, and wherein the comparator

30  circuit 206 is further configured to compare a voltage applied to the first input node 208

with a reference voltage applied to the second input node 210 and to determine a



programm ng state of the nenory cell based on the voltage present at
the first input node 208 during the third reading tine period. [0040]
In FIG 2A, the line represented as 218 is illustrated to show the
rel ati onship anmong the first input node 208, the second input node
210, the output node 212 and the 5 enable node 214 of the conparator
circuit 206, which may include electrical coupling and/or nmechani cal
coupl i ng,prugramenitigh etatei ofethe apereagnictchaasd 22@hd solkdgk ystdeat edthe dirsthimpit

the relati ano rent source 202, the precharge switch
204, the 1@3%&@%}%@?%@%&@%“%8 at |east one menory cell

access svpb4u) 12 568G, il Ghe Hﬁé/ré Sehe@ 281288115 IildkrafdUB! hBF RBFMBionshi
nmechani cal cougl i ng. iO[ 004 I n other words, the reading circuit f

i ncl udes amnongrthefrst syt @@dez , fhesegmg] inpiri dnode Bi® dhapeautsigide 22 zgdul{ewz

navi ng o Frerone A8 of Ul bomBRoR ST RI bl b e oo oA

(in- node&hd@i&le[cﬁﬁﬁc}a,l ceurplmg} piile dmdme(mpﬂesammdea)s 202s ﬁl&&&htedm@ slaow the

enabl e node node 4 334 he echar h 204 na

bo- coup! JBRHDIS Eoh, SR BHer L PR £OBOB SUCHIERSPTEN e PTGt
may be esdibitizohemdt ME A dbast BRe GUMRPlcel QMERS s3@éh 118 whiAChaY G lude
switch 204 and the conparator circuit 206. The first 1nput node 208

may referelqcﬁlcéhcqqﬁbng andger mesharigalkgualingi gnal , whil e the second input
node 10 6@4’1 ﬁ{er% ”thle ?QME’& cﬁ’lrcm'i Win%fuﬁfgsh o fmego%.?&elo\éctbggg%@gg'

The prec arg swltch coupled to rst 1 nput no
of the conpacltargr sw1|tth204t [M2)612I|'¢mxptr;drtneaach sther, @ad%@nmgratm amudeZ%n

el ectric . rrent e based on

ol ect i catati Pl h e b HonEneLbriiagt) 205 S0 Set0agighlhads Genoded
vol t age, AMpreshadsstpitapddeuanedd) et 331 hel 4d éniblellﬁﬂél(EM(ﬁd@e) aqms [334],
during or |n a first readlngqtlne period. During or in a second

readi ng tWheee &érpr%argﬁ witelh F9emay h%e?l@éedzmh%wp@éat%‘e@uﬁﬁ% sychdhgtiahe
firstyd np, 1ppgd§ &Oﬁla Sty %s gsomah §V‘4:1ﬁfeﬁt 2Bftrce SHBN 2365% sobrge

pr echar ge e is pp ie e the |rst I nput node”’
may mean swigh 20hendgihe chmpgpatos gircwh2 @O Fherfist bpuengleddps dnatycrefs:om mlnpmhe

electric cormunl catlf)“thg en the ‘i g@tsou e .202. an
conpar at of" ¢FFEUPE 5558 Bﬁﬁsef?{‘dt‘ﬂ%“ Eoht TeAr? BuEPY BEﬁ"ﬁ‘é(ths
t he precharsggene! fok@gs, W Thé prgRargeByvitbie 204 endyelpd cMJ'plléda@:eme \ﬂrﬁaldput
e.g. the voltag Tgpplled for, reading a nenory cell. [0043]
conpar at diPde PPE of the sppparalpT siratt 4K- besuEnE st 203 max eyvide ﬁ%alaptﬁl@al

tinme 30 ?eg'p@@uﬁaﬁl C&iHeRNbREd ﬁﬁaalze&n&ﬁ:l\ﬁgiﬁl Qﬂ@lvmthetﬁ}@charge
enable node 2 the conparator circult . The reading circuit

200 may fsawitch@p4,i mrqqu@gatvonmst\/pme,mnmby apellldd aictbe Sustsinpetchpdz 1298
[M6 315] (furmg%r 1n% fé}'st wendift Q ?]1 Lpge\élvoa hf)u h Pin £ s?écg}lc\ readlrrrfgqo e gr?oldl {l'ﬁz

to di sabl® AsSurt ént I ow a Tesistive nenor WRere”
menory C&:lui'reﬁtCSbaﬁ‘:é mm@hbad&onﬂyd @ilohDilve diretUnme modé |208Vu‘s'1hg chegredHagze

resistive cell durin a art of or 'g%J] ntir second readi ng
tinme per [ S3Ch 2Py e h tha,ng pre Valf4ge ispplies Yo theyfd sidpg 18de 2ie Thit
peri og. -lﬂ%)ﬁ nl&RY thkale tﬁ?&%aﬂg@eswﬂﬁmm ﬁﬁix |bea&ﬁ'ﬁ§§edsw E&tro? e ERYirical
control access to the resistive rrermrg

communication between the current source 202 and the comparator circuit 206.

[0042] In the context of various embodiments, the precharge voltage, Virecharge, may be

the read voltage, Va4, €.g. the voltage applied for reading a memory cell.

[0043] The comparator circuit 206 may also be operable during a third reading time

30 period upon application of an enable (EN) signal at the enable node 214 of the

comparator circuit 206. The reading circuit 200 may further include at least one memory



[0044] A reference voltage (Vg) nmay be applied to the second i nput
node 210 of the conparator circuit 206, where the conparator circuit
206 may be configured to conpare a voltage applied to the first input
node 208 with \Tref applied to the second input 10 node 210 and to
determ ne a progranmm ng state of the resistive nenory cell based on
the voltage present at the first input node 208 during the third
readi ng tdetffecgms swilch 7 1H0AE] 3 THjeo enabt a ceeit figwithmeglpe rdstye tamosecdind

reading tinme period and the third reading tinme perjod are differen
Feadi ng tmE PEPIOAS ey K AGRE: 2 RuSth BEMPRAG g e EieJErFEa, Hhe
second I eREds8 Gwitth® 16 &lay llod Wl FBW tHrdueR dhd sk vEEmBRAbHOCIINRYinB &
sequential 15 reading tine periods, with or without intervening tine

peri ods theErafiostheesagre seond reading éme peripd, prffopdrbel e entiee dhird geading

r eadi ti i 94l ' '

por i od-artii Rttt BLiPln CEE R oA WEeRERA JR YR Bl Bogess
vari ous entlodiesietitesnerhdng celbadi ng circuit 200 nay be enpl oyed for
readin r term ni ng the ogranmj n tate of a nory cel faor
el o PP G ERT vt e RieT PO PdRTts GeBF sfform i ndrory ofdia
[0047] | neohdparatsiiRii 206, Winid SléofiphRer ¥RBES 206 HRy becohfigiéd ®Nompare
source" may include, for exanple, a direct or indirect current

source, o veltaggraphied 49 thodirstonpy peslesI®nh il Veappriish docthe rsepand input
, ' 4 : |
Sourcly  Qfpgd ZtYﬁ Llﬁcﬁgrede@rﬁﬁle a &)ro%ralnggngltaée %rf Eﬂr%grf/ﬁ%g;e%% g(}!l@?!g,?ﬂl on the

enbodi nent s, e term "conparator ciftcult
exanpl e, wlthgd whsenf &0USTirst mphiwode 848 dwdingthe tard readingeniodemeht s, t he

i o oy OB o TR ER A Gne R M ert o P Y inc e R foeing

resi stivitie yéddese diffeeent eftimkitne FEIFES. FoE ekdmpT8\thdrsbrtadingtinld peibed
to a resistive random access, mem)rﬁlp( RRAM) cell, which nay_ have a
met al - i ndhe sesmd rseding smevpariod) andhie; e deading tipsy Paied i bR Sgavrgtial

di el efst ri &ad&@é’ ?iheaﬁérﬁagg,fﬁitﬁ R RGNS ﬂ}té’rvgﬂh%‘?ﬁﬂeehﬁgﬁﬁ qgéfr‘telfe'ﬁ@etnﬁég@ fitst

top electro TE) " e context of various e I ments,

di el ect r ireadimg tmepayiod ped thdeseeondasiding tme phaedyiand/ontiersbetaieenidiecteconsly
change its ({%es@.stanced as & {hclegul td' oft.a char&ge inits resistivity.
[0050] | A“#HEE LBRPEXT® B Vart'od Bttt RéMt°s, the reading circuit 200

may al so [0846] In the context of various embodiments, the reading circuit 200 may be employed
for reading or determining the programming state of a memory cell, for example for
20  determining the information stored in the memory cell.
[0047] In the context of various embodiments, the term “current source” may include, for
example, a direct or indirect current source, or a current mirror, or a constant or variable
current source, or a voltage bias.
[0048] In the context of various embodiments, the term “comparator circuit” may
25  include, for example, a latch.
[0049] In the context of various embodiments, the term “resistive memory cell” may
include a memory cell of any kind which may be switched between two or more states
exhibiting different resistivity values. The resistive memory cell may be but not limited to
a resistive random-access memory (RRAM) cell, which may have a metal-insulator-metal
30  (M-I-M) configuration, for example having a dielectric layer arranged in between a

bottom electrode (BE) and a top electrode (TE). In the context of various embodiments,

10



enpl oyed for other types of resistive nmenory cells including but not
limted to a phase 5 change random access nenory (PCRAM cell, a
conductive bridging random access nenory (CBRAM cell, a

magnet or esi stive random access nenory (MRAM cell or a redox-based
resistive swtching nenory cell. [0051] In various enbodi nents, the
programm ng state of the nenory cell may include a first progranm ng
st at e andhe ddennd lpreogianinchge st atsative karfgings inarial whith mgy shaige @nd

10 the secand progra tate may jndicate the different states of
the memor§EaRG® B TEHE AP ERBIEEHR 1 FFBPHRE  on stored in the menory

cel 1. [009830)/18 thardoatest eFRafbie BhBodiinbetsY Het REEnAtcikhie jOOrﬁB%'a[kB_UIBe
node 208 of the conparator circuit 206 which corresponds to the first

pr ogr anmni depleyedt fer ether hpenehtssiptivememey cabs indhedipg bethent disnited| to agdhase

Vpr echar g 1 VALLQNS PO ts, MOkt > first
i nput Qﬁod%a%%egi%ggﬁhagk%gnlgéﬂ?g%oﬁ Cl rc?:irétgﬁ’z%(’):ol;l |8¥93%1?%§§§%%GJ§ ¢ %ée%ie
second prrognanyniCBRAMatcell,rraynapetabiistiveadndoyn-aedess pepbng(MRAM)usellenta

|, provide b%/ t!ﬂﬁe current .source 202Hand a resistance, R, of the
menory ceFfoxsbase eSSl oI PR eSllst ate. [0054] In various

enbodi menpes1|tineabelst @R daheritd) ehe prb Samididlétatd QF thedREn&ty cbildhay include a
conparator 20 circuit 206 which corresponds to the second progranm ng
stat e mayfUBEPPEREEHNE Hals aad pispepnd proaienyestate d bp firshpragrgnpinggtainend
currepy, : : :

o T hD e s oRb{REfir Vbl ShedoE WiElE RS o MGRLAbANE R or e
smal | er tdifferent infooaton/sbred iretaalentayy eclli f f er ence bet ween t he

ref erenc tage, \V'f nd ol t gge i.n, . Vmar gi proyvi ded at

he r i oclO SR YRR Sinshertn R AP P il DS sBARe Seren
m ni m se @Ryt 206 i dinméspagbihd theTaSISRE MM &gte 0B HcSAEmost @ll-mdybe
ot her words, the voltage at the first input node 208, Vin_nodel, nay

have t he PePEEIBERTRIFLE ViR < node! < (Vivi - Vmargin). It should
be appr eci \/ E I b P :
vari o%; epgi%ﬁﬁnnetvﬁﬁé?s %&%ﬂl@%&fwﬁagg al%lp %%5{13; Inﬁg't ?Yél)JCh sr?a?lt?é;?&ltq%agér}\w
the val uecihit (26ewhich vomegionlls td the. second pRgramming\ sfatefmay Wermbinkd)by

Vmargin refers.to.the requirenent, of a 30 m ni conpar at or rcui t
Yput vor TuRS et Mk bk e Bt Th 2R, FRER BBl dbect e,
ot her woremorytrell aoiip3éaha pragrdeuidg sB@E nmay have a m ni mum vol t age,

in the faorm.of Vmargi i fo %orrpensati ng for noi se and

, at its input
of fset. 110074 ypgoysie .Od\rﬂ%l’ftﬁﬁb@ff@sag? At 4 s dnput g At e comparator

20  circuit 206 which comresponds to the second programming state may be larger than a first

value obtained by multiplying the current, I, provided by the current source 202 and a
resistance, R, of the memory cell at the second programming state, and may be smaller
than a second value equal to a difference between the reference voltage, Vi, and a
voltage margin, Vmargin, provided at the first input node 208 of the comparator circuit 206
25  to avoid or minimise any uncertainty results caused by noise, offset, etc.. In other words,
the voltage at the first input node 208, Vipnode1, may have the relationship (I x R) < V;,.
nodel < {Vier - Vinargin). It should be appreciated that Vi, may not be a physical input
signal. In various embodiments, the value of (I x R} may be much smaller than the value
of (Vier - Vimargin), 1.€. (I X R) << (Vrer = Vimargin). Vmargin refers to the requirement of a
30 minimum comparator circuit input voltage difference when considering input noise and

offset. In other words, the comparator circuit 206 may have a minimum voltage, in the

11



[ 0055] In various enbodi nents, the reference voltage, Vref, may have
a value equal to a difference between the precharge voltage,
Vprecharg" and the voltage margin, Vmargin, 5 provided at the input
of the conmparator circuit 206 to avoid or mnimse any uncertainty
results caused by noise, offset, etc., i.e. Vref = (Vprecharge
Vmargin). [0056] In the context of various enbodi rrents Vmar gm may be
in a rangermbf aQQL, alitOihpit ﬁ)ﬁc@bpdmtsatmgilfoﬁ/nmﬁd)ind&)f&ﬂfpﬂlasaelbé(hgévngfgm
about 0.01 Vto out 0.05 V, a range of about 0.05 V to about 0.1V,
or a rang(é”i‘)ﬁn gltﬁonﬁ’a@?rv to about 0.04 V. 10[0057] In the context
of vari oygosAdLABL smbddifedtd, 1B reRirOQE 3T VSE%A%J l?Jvefa%ldEE‘éﬁﬁﬁD’to a
cell may be indicative of a high resistance HE state of

menory celifferanet betweere sl troshaige antiiseg steaie o1d ﬁhﬁevwﬂgmlyargel IVxﬂw
be indicat | S

oosgr + irodlhiofs UL PERE ShABGfel ERERE GBI T RE R Ypcf iy
confi gur adsil® cmste@byndﬁe,toffséteetout@mrefﬁc(wemgﬂgz Vaadn).r St val ue (out put

val ue) e first amm n tate y be det.erm ned

second \\I/\gﬁﬂ%él Eismepwv P g‘j"‘%éﬁg?‘ﬁ@c@éc wctmr}’i‘%’gti‘ealﬁﬁ fﬁ@ges‘%fgagéuﬁ%’/l Be
det er m nag.abdiren.{ iv, $br %@kipee ﬁ%g@%f%b@tﬁd) 419 5960Rd).yaNUG rifE dTebBut
[0059] In various enbodi ments, the reading circuit 200 may further

i ncl ude &-@U¥rtenpoutOrlrroriamangsif Ao 0f02r'éfo abor&P4Mor [ MO 310] havi ng
f
second « nG0en Ifite st EACRO I diRueE e Aol Hare T Mntly

[ N2] and cmllgaayebmmibcah@@ of wHagle rasistahee GdRy BRp} stsiewiche mmcémdﬁmlan

i nput node [i,n-node 322 an out put. node [.out-nod mher
e pr oorei g TSR PO S6%A( 09 USTap o EFh gy be TR LN SoadoY Resisinge (L
second nagg stabdf tRBleRobade. Node [ G, wherein the input node of the
current source 202 nmay be coupled to the second node and the gate 25

node of tIABSY]ilpyaripyssmaodiments flp somepapseTecitset 08 mayHe wabigygd fo output
transjsst %theacm?&t *ﬁSdé’ fjaldtﬁr&qgﬁleq%utb@teva ? \%er g}ffﬁ,ﬁ{?ﬁé%ﬂ{@%’ tE’t@

coupled to a st vo
t he fi rstbet dedgrsiistdoand a kecohd rvslue r{odpuiofraludf)evlmcﬂlncted;qndrmog‘ammmgmtatehe

poi nt (6.5 AT S R B! avF R Rof P~y BREE 202 mmy

be part qbosg]qnc\uhbemmmdlmeﬁts &e[re&mg c1|r(£h11tt(§{) ﬁﬁs}tfaﬁherthmaé b QuSrent
enbodi nents, the term"current mrr a circuit that serves

as a cur rBHEor irsiding @ first ffsasiztor PO ééu@lrleﬁtngfq féwr Aefs [N 1b Reserriidrnage [Na]

brancly anda gate node [G] and a second transistor [M1 311] having a first node [N;], a second

node [N2] and a gate node [G], wherein the current source 202 includes an input node [in-
node 322] and an output node [ouf-node 324], wherein the precharge switch 204
[M2 312] includes a first node [N,], a second node [N;] and a gate node [G], wherein the
input node of the current source 202 may be coupled to the second node and the gate

25  node of the first transistor and the gate node of the second transistor, and the output node
of the current source 202 may be coupled to a first voltage point (e.g. V), wherein the
first node of the first transistor, the first node of the second transistor and the first node of
the precharge switch may be coupled to a second voltage point (e.g. V2). In various
embodiments, the current source 202 may be part of the current mirror.

30 [0060] In the context of various embodiments, the term “cwrrent mirror” may mean a

circuit that serves as a current regulator, where the current flowing in one half or branch
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of the circuit may be used to control the current flow in the other
hal f or branch of the circuit. The current anplitude flow ng through
both hal ves or branches may have a ratio rel ationship, for exanple
1:1, 1.2, 2:1, etc. [0061] In the context of various enbodi nents, the
first voltage point, VI, may be a 5 ground termnal. In the context
of various enbodi nents, the second voltage point, V2, may be a power
suppl y | iafehg eirgnit MBDpe ubal toeccatrpl the atirrentfitveint ihalotlad hk@s branch of the
substanti al | imlar to a d vol 0062], I n various
embod, meriut T s s Bl ieing otrOE beth iaies b Hentgs mad S tigad
enabl e SkaﬁBmﬁﬂﬁﬁ§%§hn@@q a18eeqngcread enable switch [M6 316]
respectlé%%émlnclu ing 10 a first node [NIL a second node [N2] and a

gate nod Inghe cmtéxtepﬁw@ms mwww |t adesswliagd peint, 26 s bg 15|
|
o o325, ol Sl b8 Loy 30590600 B, 00 BN BNRIRA S

to the semm)nue mcpdwemupplyelnme((ecgndf[l]])aM| estmp],e amaqrosdnrialt zhéea‘st Slﬂistaﬁﬁﬂhj

of the secogd read .en bIe\§mntch may be coupled to the second node of
the meror§MEdtP 25ead0lags,Vireh 216, and the 15 second node of the

second 1 a0 NakhLosNhKINiHEs, BB EAURLASHP 2061@131}' fufherMRtLAOL PRI,
VI, and wherein the first node of the menor access switch 216

may be cowpblegwiteh BM$ B Zkand gcpeendirpud %hi@rsym@é [M6 316 resnestivrly ingluding
nbodj f
enmogjTen fyg B:E@ [%?3 %‘écé}fa%dB Pz]?%ﬁ%?%g?deﬁb ﬁﬂ%s@elﬁ%é ﬁlgmmy%elﬂe

coupled to a t ol tage may or may not
at the savecspowinl 2ab [BS 31}’56; 1riq1ud§:‘s avibist agle [}N)],m secMLd n@R[ [0QH3hd hrgatche

2ar casedely [ObePesi nniey mais AR taastle T BRE Sy e o the

known as debghdwidd dfithe Second trahgist6Q EHERSn WY fidt SIDES B Q¥sdnA STeddEnabid
lines. [0064] In various enbodi nents, the reading circuit 200

further iTElchaaYDecoPRIAh tasibe seaond godswh thh memerg: aGF??éISW&Fhél%afla they
“00'6 NI Jgec d%‘&@%@'t Os@@or[;igl%lld A1 Asvii %51:@9@@1&1% 1t1|1é'\43r%'£ gmﬁ%%mg

first node of the co ecti ng smntc coupl e
second node and whereinghe Gistngée afithe UhH@MGelITmesc eivitein2 Ketmey bé noppded tbah

may sel e th um corr 0 h

evesseq st (i iahd FmGRY {0 B Bfchlh dmiefinf Rl 1 5t isle 3o speond
first r eaéacEét&bleés“SWilhﬁd’y webupled 5 achindlvolege point (g 0] whith elyee inhdyg
switch nmay be upled to a second end of the 30 nenory cell. [0066]

In vari od¥t ?ﬁ%&ﬁ@“mFﬁémggﬁgﬁﬂvﬂgﬂéPBFmﬁﬁe first read enable
sSwi t chy ma[ﬁl]&ﬁ 1504P ! SftekP 0? Wﬁn&%c Qﬂgocﬁﬂl‘éﬁts of, ﬁl&ﬁo@r Qéihﬁ‘[ ?ebeS %&9&&2&41

and wherein the second node of the colum selecting
coupl ed taddegsseddumits wominuhberhad reelwomynunebdr., Tlﬁjwsanamalsmhgm amahz

reduce t hxgorg(? in2€ard & 8FuBhs IIEQ{/ Gls8'82 Enoe\% & q {Jltt hlmlasnes

[0064] In various embodiments, the reading circuit 200 may further include a column
selecting switch [M4 314] including a first node [N,], a second node [N;] and a gate

25 node [G], wherein the first node of the column selecting switch may be coupled to the
second node of the precharge switch 204. The column selecting switch may select the
column corresponding to the memory cell to be accessed.
[0065] In various embodiments, the second node of the first read enable switch and the
second node of the column selecting switch may be coupled to a second end of the

30  memory cell.
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5[ 0067] In various enbodi nents, the reading circuit 200 may further
include a third transistor [ M7/ 317] including a first node [Ni], a
second node [N2] and a gate node [G, wherein the first node of the
third transistor nay be coupled to the first input node 208 of the
conparator circuit 206, wherein the second node of the third

transi stor may be coupled to the second node of the colum sel ecting
swi t ch, dAf6aiHe vationst drebagirthents) able seebnd Bddeeoft the fidst trezansiable Giwitoh yndyebe

coupled to th te node of the colum selectjng,switch 006 n
Carous ERBEAT AR SeCtr@of AbiRS EGhiTER sb BUEEM, AT RS 580 Hoteas
sel ect i Ngh&¥bllifh selbOingSiRA naYbelDEPIEOW £ QchES SN tRImERokNIINBHEN %
cell to be accessed. beGQ] In various enbodi nents, the precharge

swit ch 20dranggpeniEayroduse the ngise e8.9ne of et wsgectedhbit fingsst read enabl e

i Lty ORGSO AhuEARRhE, T Haltaan oGO U RSE) SRS g

switch nma or may inc tfansi st of’s. e contex
vari ous emnsidiomEV$17] inchkongl afitsenadedMNe}; iaakenhdtrvde [MHylyand negatr node[6],0f

or each of, the precharge_.switch 204, the nenory .cell access swi

on6e ¢ he ¥rr St RS Rir T oAy oran e e 56 e e B R e Ao
t he col urfie $8mP&iaton GieWit 1208, WA¥reRe QY sdtBid inded WHhA thifPRSASHS may be
20[ 0071] In the context of various enbodinments, the term"transistor"”

may mean RUBlehH Bie spere mpde of the seluamgelecagrywitnh, and wherginghy aate node of

t ransj,st : f i 1 Ffield

cf fool” t raq L8 HensiShEa B ORI o Bk Aode L e SRALEAREHEL licnns)
a p- chanr@068Y06 varians iestbodin{eRWOB)e) memometcall -dcnesal stivh 2 lidelndy dfef @ apw
transi stor, (M SFET fr.a tal -sem conductor. field eff transi st or
(NESreT) Yeldiha e, R ek B B R g e gy bodhntiy fEklnsd SR She
of or eadqbosd] Ih heribhs Smbbliaiisitss tths padttlareh v RE OXTY, (thensdnsdro! celltycch
or may include_ a p-type tal oxide sem conductor field effect

Lransi st GWicE 240 PRt rrahgiablegryiich, DEGesatl TP PHBICBH{Sddhe sellmsus

enbodjsmenkRcti iRBSn B beWr nRGHcIRde dSisRrEChar ge switch 204, the
first read enable swtch, thé colum selecting switch, the nenory

cel | 30ad8edH Iswha etntex 6f veheusswthwdinenend: sl e angireciecathelt atyeoriehi d
ola of ravr of poffior B Rl gfo bt 2o b by REWPY &t SyRCTHE e
of vari ousadceradlti svErhSthe dcdondnsadsémable(sevigh ahiVie alukVeBctihg\swigh anay
first node, a secqnd node, and a gate node or where a switch having a
first n Ogjé;,or fnay include a transistor.

20  [0071] In the context of various embodiments, the term “transistor” may mean a bipolar
junction transistor (BJT) or a field effect transistor (FET), such as one of a metal oxide
semiconductor field effect tramsistor (MOSFET)} (e.g. an n-channel MOS
transistor (NMOS); a p-channel MOS transistor (PMOS)), a metal-insulator field effect
transistor (MISFET) or a metal-semiconductor field effect transistor (MESFET).

25  [0072] In the context of various embodiments, any one of or each of the first transistor
and the second transistor may be or may include a p-type metal oxide semiconductor field
effect transistor (e.g. PMOS transistor).

[0073] In the context of various embodiments, any one of or each of the precharge

switch 204, the first read enable switch, the column selecting switch, the memory cell

30 access switch 216, the second read enable switch and the third transistor may be or may
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5 second node and a gate node may be or nmay include a transistor
(e.g. NMOS or PMOS), the first node may be a first source/drain
termnal, the second node nay be a second source/drain termnal, and
the gate node may be a gate termnal. [0075] In the context of

vari ous enbodi nents, the term"source/drain termnal” of a transistor
may refer to a source termnal or a drain termnal. As the source
term nal iacddd Gint heyglr ahqialt exide nsdmicdndactor aiedd sdffect araasigendeal INMOS
fabricated such that these termnals are geonetrically synmmetrical,

t hese t erfA5i0%)- ‘may be collectively referred to as source/drain
term nal syo14) HaKd &%&x@gp&h@b{]@&h&mﬁeﬂ@ré fedidds @ (@meefsctrrqums)eﬁdﬁ@al
may be a "source" termnal or "drain" term nal Eendl ng on the
vol t age tfitsé nagpla %qﬁO@d)n@qlfa@nct ezaternde ovloreliarfNiigh hemiagtacfirss nods, rast
sour ce/ dr r r.

"t er chare il BHE phEy g e RET RSy BV L AL T ERMOR SR,
"ci rcui t "therdiystbede moker bé ed‘dstas)um&gdriqn neindhalatHeogtand mpleamenbe agecond
entity, which may be, speci u se circuitr a processor

execut | ngsowﬁftd&@‘?/éeﬂanaféad?lﬁét%@ﬁﬁ v bejay g’@“m&r any combi nation
thereof . (B Inithe @tan@ﬁm@mm%,en%odﬁmﬁylthe t&FRY “doQrcd/diah derififl® of a
logic circuit or a programmable |ogic 20 circuit such as a

pr ogr anetbingisier sreaJeisr o @ sepreatennigpbel ddeds trmnal. gvs the Synpd exminal and

I nstrycti I, I r t

Set rrputgg dﬁ?{klte gf_og getgag% : @ % Q@%?ﬁ@ faﬁglca@ed%q.\qh'qug tile%% t%llggfleg? gre
execut i ngzesoiketrivall esynemefricalnthese tahiodls ongbo t:elﬁecpvﬂg réanredatogs s@urce/drain

conmput er pragram usi.ng a virtual machi ne code,,such as .. Java. Any

other ki HORaI g aaR HE RS e R SO B e B S TAAT o, StHFY

be 25 desghinfles d MirHmP GerdlhaidephiingVorTBit @iage RELA!BE|TE 110 Ught A8mAnal.
"circuit' in accordance vm th an alternative enbodinment. [0077] In the

cont ext ohcoprdinglysthe iyBgi ‘WeH sgurce/deain wyminal c%lﬂilpfsé"‘mdﬁﬂm'c%/é{i’ﬂ} tegmingRy
i ncl ude el*l ggﬁl&@éhaﬁ%gigl ng and/ or mechani cal coupling. [0078] In the
0

cont ext vari ous Iments, the terns "couple” and "coupled" with
30 r egar dﬂﬂﬁ] tIngheosontaxt ef vmimp@mah@cﬁmnmy 4 fogdcuidemdy beundecsmq:d asragy kind

and/ or ct co a t Wo c onents b coupl ed
P oth oot o omlBnt ek 0 ST sy v et RRRGR T s A Bobestn
the two cemmmgrsbﬁwaﬁds{t@éd Tirh@rn(i’enhcﬁ'y,aﬁlmME I @ Cdny GoHPinafign BRtddLOEeeRN
the two conponents e. |la Oone or nore |nterven|ng conponents % . 0.
resi st or ndArbRdimeRi e @rcuatnd%’rbf‘ca&a@rwﬂ AEnHEHIET & PrepwBERdplslpgic

[0079]y FlGicnid s%'@ﬁ’% 5‘ E8eARIbE BlocBssbfadE NG Mmididtbdessd? AefeOla @omplex

resistive nmenory cel
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer

{RISC) processor). A “circuit” may also be a processor executing software, e.g. any kind

of computer program, e.g. a computer program using a virtual machine code such as

¢.g. Java. Any other kind of impl_ementation of the respective functions which will be
25  described in more detail below may also be understood as a ‘circuit’ in accordance with

an alternative embodiment.

[0077] In the context of various embodiments, the terms “couple” and “coupled” may

include electrical coupling and/or mechanical coupling.

{0078] In the context of various embodiments, the terms “couple” and “coupled” with
30  regard to two or more components may include direct coupling and/or indirect coupling.

For example, two components being coupled to each other may mean that there is a direct
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5 according to various enbodi ments. The reading circuit 300 may

i nclude or enploy a | ow resi stance side sensing schene for reading
out small current signals. For ease of understanding and clarity, the
reading circuit 300 is shown for one nmenory cell (e.g. RRAM cel |)
342. [0080] The reading circuit 300 may include a current source, CS,
320, a precharge switch 10 which may be in the formof a transistor
(e.g. NMuSpplifl BatR, beawemmnthartavootongionents taniMot cliererisy ab éndirect benpliag rpatd

a latch 330, an a nenory cell access sw tch which may be |n the form
of & tr arSPeBriny B CORRAET VB2 308 ort ALt PR S REOSSE fay TowsiT

provi de %n@o@%ﬁﬁct%&dEﬂcﬁ&tca?&@t@r)(&hnec‘ﬁ&ﬂﬁ&kbet%@eﬂar' ous enbodi nent s,
Lead may be at | east substantial I% fixed or constant. 15[ 0081] The
&

readi ng clPPTUIRIG38ohawy af sghematic ¢ Wémg@mﬁs?mtfpranﬁ%&tm nemeyy cell,

EII’\I/;.“EI) eSNSD a%%grﬁm%:'cé Q/&H&g Ergnéﬁlﬁfﬁeﬁj{tﬁ th% '?eag cl}%)( 36@‘n1§1 ch?df or reﬁltpww

a transi
313, a cabmsmncse‘sléetsen:gn§wchemﬂm \fiti a:dsadngyoiuesmail tdnﬁrelﬁtoszgmji Bor ease of
transi st or econd re wi tch which
be ¢ homdRieRainEhand shanoi e Eals ek e 4o Hpsory celt

transi st oe.g( RR&AM BHSU2 M7 317. 20 [0082] Each of the first transistor
MO 310, second transistor M 311, precharge switch M2 312, first read
enabl e swPPH e reading ciesmiiRR0 savdaelpgap eirontspuae, €84320mp mechareg pwitch

accesg, re

transi storﬂlg}? ngé??%rlgfsg%%%cﬁf ﬁgﬁ?ﬁ%g-\?de' awér)g?%ég}’?%i : agtgfeélg%ut
node ( N2)whinidmay datie thedden o) lathhBOc amd entenmo;ucaﬂeacam swityh whihuskey t&n

i nput node {ip-no 322 and 0 out - no 324. Th

| areh 3a0nits frivd i T ap b RIDEMS AR, RSttt
node (i n-yigde2hrréndd,.,(30r QUL RUA vAASIS dibddiRaEe ). 3 dhydittatdbase RaRtagtiIBde
(EN-node) 334. [0083] As shown in FIG 3, the current source 320, the

first traflifseldé’Fé‘PnSWSlO the second transistor ML 311, the precharge

08 L ofs MoBd THE i Shooli 308 nE a0 for T A ol i 38008 M0,

sel ecting swtc access swtc
second r eastcembivinsisewi(e.ghPMOS3 161 amu a fuwst tehd eobble swisdhswinich kay3en mhey

b h

ot anged e O & AR PE e KPR 315 e 3 g swisdy SR burie B e
nodes ( Nlfprff @aabsigtbr (e NMOS) M4 3045 laStevnd Yeadhable Se40R thﬁdlﬂﬂsy Bé oy
M 311 ang rec arge switch M2 312 nmay be coupl ed . together

coupl ed tiBe @d{aele@'@r (o5 NMORA M [egndethigd tran%?re(ﬁtg} NMQP) ! Mééé?

subst gnt i ghsd BRACA '@i?strﬁﬁﬁls‘t’&' F/ﬁﬁ%aoVE&%Hd Ttpﬁsﬁf?fom E‘PP' prel¥akgOf
the first transistor MO 3 may be coupled together wth

respect i vavighiv2 ﬁda,eﬁrS(t @)Ead)tn?élé@: awoeh Mk 33+ selumn sekscgng rSWm:h M@ 3dAd
t he secon S e 2 rs
transi st ogEWB ccess é‘ﬁé‘“ 512’;351 gec'fgfléj ?ﬁ%ge?a&ljwu%wﬁ%hdmf ég f nq ﬁ%rd
current seansicer 3203 lﬂﬂe@eatiwytmajsroﬂee Bﬁést abdd 19), Jd)seﬁ@h’dl’lﬁﬂb (lslguarnde g’i?eO
may be cou a volta The volt poi nt may
gr ounded.™ o L6 IThe cuirPaleRSe 20 ey 48 MG "SRR BOT 276 8f oest
311, ¥ t ddBenFHoAOM24SPHE Eh3BY mAPNavE AT BnmH Mb8O i Mbid19331, a second
input node (in-node2) 332, an output node (ouz-node) 333 and an cnable node (EN-node)
334.
[0083] As shown in FIG. 3, the current source 320, the first transistor M0 310, the second
transistor M1 311, the precharge switch M2 312, the first read enable switch M3 313, the

30  column selecting switch M4 314, the memory cell access switch M5 315, the second read
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[ 0085] The second node (N2) of the precharge switch M2 312 nay be
coupled to the first node (N1) of the colum selecting switch M4 314,
whil e the gate node (G of the 15 precharge switch M2 312 may receive
a "precharge" signal. [0086] The respective second nodes (N2) of each
of the colum selecting switch M4 314 and the third transistor M/ 317
may be coupl ed together, and the respective gate nodes (G of each of
t he col unmablelsedtth Mp 3 draithé/hiRiltdanaiser MiE3 Ihinay bé aangies bathdMiipadlside

may be co t her, .and i ch ecei ye a .col sel ecting or
adér ess ZIL}LO é‘? %Wﬁ%% ‘t‘iéi“_mheﬁ'WB\gg 6%5%%9 é‘&l"ﬁﬂ‘ ‘HHH@?JBNZ) of eagh of
the col unoosg! Bt feskciW Hed Meﬁéréhl) YTkathOf Y Kifht tifaBtSiStoS MU 3MY Bdohd

may be further cougled via a bit line (BL) or a bit line (BL) node

340, to tireasiserdilsHeand nrechgreemmarh &8 312 mapbe quvpletlitpgethangad complyd tof

351 of i PRy MRiphty T E pERUNC ey il B 96

t ransi st ovolthde, 3 1q.mMlle bezoad uple@Nt)oof the fidst ﬁhnsﬂ&r NMid21( Miay lof cduipded

first d bl itch M3 313. Th t G th d
Cnan! o oulpesine it e rragect P gje iodes (SR Btk Be S asittieadn 317 gnd R
vari ous epbadl tBeistor MD81 B emRneedrddRdé ) ITfihd HRt frhdsidor @ d 16 Aa Mo

switch M3 313 may be coupled via the bit Ime%aBL)r 340 to a nenory
cel | 342. bwwusleﬁﬁy theginputtnede 2R of decamgnihwyece(3R9) Thy optpet Fade $24 roéém:

enabl g s

nodesR](N uh%& %rct%#éoc u%n&ggggé§?x8it%%%%h ?M%‘%Z’B ﬁ% P\é’ﬁ“é %}%be
transi st qgrovided.1The fi®O@Bisiston M@Bt(hmrd therbadndabdstot Mé 3d écwenll tieoterent
(N2) of the fi égt reg d enabl e switch M3 313 nay be coupl ed together
with the S8E8A %Weomf)cugﬁnﬁlﬂlgobr echarge switch M2 312 and the

first nodeogsiheqtcdndeotd Ny L 8R! RedhaRg stk Mz m raalylbe éc%leaxamél fBstas
i ndi cat ed by the dashed path 346 to point "A" hown in FI G

rat her t e l)caﬁrsheeaolﬂlsu& FAEHRE iR MBL%Msmdnlea@mg%ﬁ E%éeeeﬁ)bg)f‘ the
"X ngar t| n‘g%%%ﬁ;etg g??ﬁz(rh@reg&végegr&l{a ”r@gl enable switch M3 313

for indi sence connecti on en the second node (N2)
of the fil0886]rBmdennaitesesmidtrmided@N:3 vBeachdf ttheecabirnn Belmmng BijtcIB W) 314

while th t h qf th
ool ect i ngduiB oy Eard RN PEP abr o ePUplEf ks epy R 5% tifPistve eate
coupl ed, nodes (d)eoflehdth off the cdlBinh s@é@ingtsovitch @14BIDANA the eeid traddidior MIOBY]

The bit line (BL) ;40 may be coupl ed to one end or one term nal _of
t he menmoryaxde| coupted T, affsh M&Hche RY ofeCceif® t th &Py SelRciingopr pfdress

MENDr ¥, C%éna?‘*édﬁﬁy 08 ﬁ:gﬁb@ li6d stQnbi Nfodkt r@a @?%c}( N¢ @t Johﬁ"nﬁr%gf%t}hg

cell ‘acces$ switch he gate node the nmenory c
access svivtitch M3 B4181drth§’/ thivedl twsnpﬂoeblﬁii?anmedﬁmhwezopmi ‘Salablt \hm: L)

rsn?cl oﬁg rngce b(lﬂk\’)% (ﬁ? Pﬁ@e%tror POn?hgn‘E: ceslfJ ]i)gMgl'gh [R)st %ode?Nl)

Menor y CCE

coupl ed tofgled therd tahdistot Me 3fli7 mety he@depléd\lo)theﬁrst h@uﬁﬁﬁl@ 13d1 bemd 1aaaxﬂoe
to a source line sou

iS:MnteC? SL)lﬂﬁ%ﬂeT hnggcgngr Qﬂéoﬁﬁwfg@%@ﬁ tipmsisior Mietldnay b%@u@[?&m the fi Irst

SWi t cfy Miyodd GNTRYF 1he FRbVRad chAd sRRAPMB §139%'e gate kode @) 8BS lirst read
substantially simlar to that received bfjli the gate node (G of the

first rezpablagpiteh M 3 bhoRp r@eye aMkidenahle sienah ‘Rt It Yesione enibedimbnts,
si gnal , r r ead

st oh’ neacgo R0k 3 i CREE BBl SRl (T el ERIARRNE i
al | owi ng lfnec(BiU) am tdf 4 membly alidid2t Tias inaymﬁeanelmﬂtmbhﬂrﬁmmb olWheJist
and the sec ead SW t as, well as through. the
menory céff P ol T R A3 PG S PR o ahe BRSBse 6eFan Roges Pz} ple
25 segondpé eagmaRaREE: %Wl&ﬁ'ﬂd%l%@tﬂ@%xrﬁ@raﬁ%@}ﬁﬁ 39, the vol tage
point, VI. [0090] The rrermry cell 342 has a variabl e resistance,

which may vary as a result of changes in its resistivity. This may
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node 333 based on the respective voltages present at the first input
node 331 (e.g. \Tin...del) and the second input node 332 (e.g.

Vdi -node2 = \Tref). The enabl e node 334 of the |atch 330 may receive
an enabl e signal, "EN', which may control the operation of the |atch
330. 5 [0092] As a non-limting exanple, the latch 330 may be a | ow
power latch and may include a first PMOS transistor 361, a second
PMOS trar8088]dn Bther centioidimlen®yOfiet senoad shate 8P, off heufitsn FMDSenable

transi stor .364 first, NMOS, transjstor, 371, t ransi st or
o Lt RRRRRER S PN et od aBohSt SHib The RArRd Hodh dNn O b varehgbes o
fi ft h NM@Rifch ansi 3boind3the- ﬁxﬁaﬁmeoﬁ\ﬂ)hﬂ the rc%quEiVEéiedthgwlt%hq{dtl%ﬁ; for

second PMOS 10 transistor 362, third PMOS transi stor 363, fourth PMOS

transi st cXasnle amur@iatﬂmh? daghed path346 7a poigebhes Swvsin FKh s, stlsr tgmp.
third Nw%uélfié h%tbci)t @lL) 394 g«'gs 1nail\c%g tbx%r@" S thg dongn céf: g\flo% é)f I\/%

transi St or I’ espec ode a secon

and a gatfasteee e(léB)le s{vﬁ&98/13 Tmfdraﬁﬂheﬂlngvmefabﬁéilbe r@@dem(ebﬂlan bétweac theof
the first P transigtor 361, second 15 PMOS trag Lstor 362, third
9

PMOS t r arféfdgioda g ok ihe firshesche wiitch M3 &} hendsha bif lige G3lai40y while
t Oget her 1th@F€gpéEﬁUP 5&%& ﬁo&s\(ﬂg);cﬁgﬁc}pef ik ,C?Mam stte%my@ WitgevRai Atind W

gomer l1ne (e he second node
(N2) of tthied ftransﬁtOPN@S 317 anayi be moupled. vmythbémcbuml(ﬁbl) 880,t foeths ewemery
node &NZ) ﬁéééhe second PMOS transistor 362, the gate node (G of the
third 20 P transistor 363 and the gate node (G of the second NMOS
t ransi st qo0SI] Zhewtid lire: (B¢ 34€ aaythenodpled N2 pnoénd drconk aertdiinl BEE memory

t ransi st or 4 be coupl ed to the sec node ( of the th|r
PMOS t r arf€l! 3?&\*%%@@%&8@&@11 Hoareqreyal ot t %@e@@wﬁ'\ﬁ%ﬁmyw SRl
362 and the ﬁﬁs@h@dé"?@? of e lﬁEmegeceﬁl' dcedss VA Mf’fiﬁlﬁﬂ gthe rgaéﬁi’ode Tﬂ? of the

second node (N2) first PMOS transistor may al so coupl ed

to an outpumorHEalk a@SgSWlBﬂB D& A1S Jwy begeynrled tvoajw}ord%@ (Wil 398, whs;zh may
UL P 2 L ol o0 SEEONLTING 88) L e U PR
out put  memory cell access switch M5 315 may be coupled together w1th the ﬁrst node (N;) of
the second read enable switch M6 316, and further coupled to a source line (SL) or a
source line (SL) node 349. The gate node (G) of the second read enable switch M6 316
may receive a read enable signal, “RE”, at least substantially similar to that received by
20  the gate node (G) of the first read enable switch M3 313. This may mean that the read
enable signal, “RE”, may control the operations of the first read enable switch M3 313
and the second read enable switch M6 316, for example allowing a current flow through
the first read enable switch M3 313 and the second read enable switch M6 316, as well as
through the memory cell 342 sandwiched therebetween. The second node (N) of the
25  second read enable switch M6 316 may be coupled to the voltage point, V.
[0090] The memory cell 342 has a variable resistance, which may vary as a result of
changes in its resistivity. This may mean that the memory cell 342 may have different
resistance states or programming states, which respectively may indicate the information
present in the memory cell 342.
30 [0091] The second input node 332 of the latch 330 may receive a voltage, for example a
reference voltage, V. The latch 330 may output a signal, Dyy, at the Dy output
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node) 333, which may output a signal, Dom The signals, Do., and D.,
Jar, are "NOTI" equival ents of each other. The respective gate nodes
(G of each of the first PMOS transistor 361 and the fourth PMOS
transi stor 364 may receive the enable signal, "EN'. 30 This may nean
that the enable signal, "EN' may be enployed to control the operation
of the respective gate nodes and hence the respective operations of

the firstnodd/B8B tReb1 @l Qlie ?;6s'beatms€é tvbRagde® UpriekenPMoStHer fingi Bipof nddé. 331
[ 0095] The second nodg.l of the second PMOS transjistor 362 and the
first nodegNyewel apd efSP‘F(g‘F‘ INMDSO$ AR (8- Of mBE =nfry)- D& cBiRF Bede 334

toget her o Wl J.RHIAB ﬁﬁ&%@&vé‘ﬁg&m@%g&i ENPhGE R A, RS 11115% é’hﬁ{/rp £

363 and the first node of the second NMOS transi stor
coupl ed tthgktdhei30. [0096] The second node (N2) of the first NI\/DS

tranS|st irst no the third NMOS transistor
573y BROZE T Rob e Foie "k b R b R B R JuEE Rh Kt
transi st daclade? aafmdt PMOY itragistondel,( Nisgcoall RNer)Sf Datsishor N2 at fhﬂﬂSPHOSF
374 10 may be caqu eg toget her. The gate n B§of the third NMOS
transi st GFngygr @g@ PHEs BYHS tt@n%lﬂer £94; sft o@nsr 37dna speidh

may I eceiNol tkls@872,\ third83%0S tfﬁﬁﬁstgﬁﬁ’% H‘?&ﬁﬂﬁ@ddﬁ trérﬁﬁtcfr@‘?g tdhd da,

NMOS transi stor 374 may correspond he 'Second i nput node ,
whi ch nayﬁftle&:EMOé transistaef Efde ritash vad] thagﬁrst WMOS [ toameirior 1364, rsecsapécl't‘M(Dé

seconf) nqdes £ otk eNGS Il INE a0l it ok 3, A0doBBE FoknGliots

NMOS trangi st e couple toge er, coupl e
the fi rsttranader GO @éoﬂdﬁeMOSf trinsididoS 721 didi ISM@)S aa&lst&msgmﬁhmes

G of the fifth t 375 th I
VN i G b S OO BaRIcBA D fesPHGVHATES hoEk T8 Cihd Heride
t he oper %ﬁ@mﬁangggatfelnt)g@@glvm transi stor 375. The second node (N2)

of the fifth transi stor 375 mag be coupled to a voltag oi nt,
&

V3. The VBM3Jehezespepiorentrst wae (haj obeack ofethp S ANIGS tamsisiend6l, second

UL AL AR OISR o6l RGN N GSoRA s

current, conplad togerdr,tdnd doupketl tb raandiagd point, V,. The voltage point, V;, may be a
power supply line (e.g. Vo, =VDD).

[0094] The second node (Ny) of the first PMOS transistor 361 may be coupled to the

second node (N;) of the second PMOS transistor 362, the gate node (G) of the third

20 PMOS transistor 363 and the gate node (G) of the second NMOS transistor 372, while the

second node (N») of the fourth PMOS transistor 364 may be coupled to the second

node (N2) of the third PMOS transistor 363, the gate node (G) of the second PMOS

transistor 362 and the gate node (G) of the first NMOS transistor 371. The second

node (N) of the first PMOS transistor 361 may also be coupled to an output node (e.g.

25  Dgy_bar output node) 335, which may output a signal, Dyy_bar. The second node (N») of

the fourth PMOS transistor 364 may also be coupled to the output node (e.g. Doy output

node) 333, which may output a signal, Doy The signals, Dy and Dgy_bar, are “NOT”

equivalents of each other. The respective gate nodes (G) of each of the first PMOS

transistor 361 and the fourth PMOS transistor 364 may receive the enable signal, “EN”.

30  This may mean that the enable signal, “EN” may be employed to control the operation of
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MO 310 may be in a reference current path. Only one current source
320 and one first transistor MO 310 pair may be required for a whole
menory bank, or in other words, a 25 nenory array or arrangenent
having a plurality of nenory cells nay share a single pair of one
current source 320 and one first transistor MO 310. A respective
second transistor ML 311, a respective precharge switch M 312, a
respect i vibe fresettivee gole emalel eandwhdrch th8 r3dpdctive bpapetsi ¥ tleo filwmPMOS
sel ectin SW tc ctive ry cell access switch M
315, and ?W‘é?ﬁgéfmﬁfg%‘éé%‘&ffdﬁﬁgamaﬂgﬁ i tch VB 316 may be 30
required [Hegs|eMRl scdnalded® (N4) dfiik: SRR YMOY @hsistor383 AAd T}ﬁeﬁ@ﬁmeQN J
transistor M 311 may be used to mrror the reference current,

that flov tbmﬁehbTMQ gapsistery B aeaychp qoapled fegether THalerthe gqcona@aededNamfe

3!“5 “hhe ol MBS LSBT BURE Rl AT AL e sABRE MO RS

S hn@hBemdleﬂh@etherst read enable switch MB 313 is 5turned on.

%Séé’“énz“&phf@ﬁhe@ﬁc heqS Uity TR i BatkiTorg au e edlpedsinvil
the bit IthaeuchNM@Gl(i}ransxﬂowawa 2145 berddaplcaRedether.t Ti: &ee&nﬂocg;tigke) e

(e.g. source terminal) of the first read enable switch may be

di sconneceerndNMQS wansistar 372 ad (B firsgaereA ) ebis dewdyNMOS sarsister 3&?4
whi ch, 0MYm4 ggcégulk/g@ é%'th% Ezﬂé Eﬂoﬁﬁt(?g ol?'tﬁe It HieﬁlMé? ]thglglstgpg?3 n%aar

precharge wltch SWtc rec arge, for exa
provi de a:opﬁthdrtgeha/ﬁtst agnet nM;trr e.’dhanaye:hlcrhomajneecfewnsi voltagmtV,mmLe Bl

o 1S R G AT e B SRR B "

NMENOry Ceidds 338.a8d whibh maBitcdite M6 eersieack voliage, meg‘mry cell access 15
swtch Mo 315 may serve as a rqw sel ectlng swtch to select the row

t hrough WAPEH Hﬁéesé’f@“ﬁ’ﬁrsécoﬁér?@?‘?ﬁ @) picthe giigg NMWDS tl%@f%é@&%@@éﬂmh
The s cor}qlhkﬁaﬁjarg 1384 SWtHahR

349 t% ground. The%?g?r g%rbgng?@te@egc%eﬂﬁ&%f?&ﬁng?%gﬁug eagb{ﬂeets are It?ﬁg
| at ch 33@fah®ﬁ@hdﬂM£§r‘emEISBmlﬂﬁn§he gate aptho (M heihths WHeNMQS tenhistert ¥4
| atch is used thethlr oL han r . 317 may .b enmoved. | t he
wor ds, WHBPE "eHEE A8 a? ’i‘%ﬂlﬁﬁd{}?ydeémfo rth%é)é’ﬁrag%? L?ﬁnt?e tgﬁ%
third trarge$Gpindenddihe ﬂﬁMaﬁkﬁiobee fiftk B9$Q@S Yran{i13:092]5. Bredecoid ddie (N,)
precharggofzrmlﬁgh M 312, first_ read enable switch M3 313 and col umm

sel ectin th WHIOS irapsigjor 3 BAY RIMSGURlsHh & frahags PRt Wiold hevahsace
as shgwn dio@ﬁt ana}ee@atrw &te&tew legsqguﬁs]tdnﬁﬁﬁw} adiedad me%@age?»pmﬂowi.\fﬁ{e,

it shoul d be appreci ated that each of the precharge swtch M
first readlegtiet, Ynimatbengodrgdand col um 25 sel ecti ng SWi tch M4 314

may be a HLP t d r adl Si
ot engt b 1O0P, THERTERE HRoH oo, HERGHC! B elife ST RO R FREbamigor
pr echar geMappb ineg ]ia)mtzhﬁafg‘aﬁc& qubdat p4dh. Oflytdne qnhemfm)ng:e 39\@1 emdfbnMEﬁrst

312, the read e nal RE the c | umm a dress signal
may be adﬁnelémrgﬁf?b éf%n%{ may bgfﬁ%‘ﬁ%"g PR i erleaepwg, ﬂg o e&%ﬁﬁr
si gnajs appbh&d @y b ariitefe Orgcﬁplalfam}h@fxﬁérﬁm%g@né?%mr&ﬁ @mg% d@ai@

may cause the'reading CII‘CUIt 3 o0 charge the bit line (B
V" ad of one current source 320 and one first tran31stor MO 310. A respecuve second

transistor M1 311, a respective precharge switch M2 312, a respective first read enable
switch M3 313, a respective column selecting switch M4 314, a respective memory cell
access switch M5 315, and a respective second read enable switch M6 316 may be

30  required for every column in the memory array.
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to obtain a high reading current. As different reading voltages,
Vready may cause a change of the nmenory cell or RRAMresi stance, R
to different values according to the relationship of Ret, where k is
the fitting paranmeter, and v is the reading voltage, a high Vread
value may result in a low R and a high read current through the
menory cell 342. Generally, a strong signal may help to achi eve high
si gnal -t oonef]skher setoma tffakiRdor M b 31 hadayrteaded @ spheadhandeaclaatent, L qq,

results. verthel ess, in_order to prevept, or at |east mnim.se, .
from r eadbi L0t @%@E}hﬁ Wéefﬁ@soﬁuﬁﬁn%ﬂz-f@@,ﬁrm@ é@ﬁ&m{%ﬁ%%_ﬁﬁ is in
smal | er tHaBarhi8ur¥nt bith s MRl R rabkRr MN®1 PiThe ldtdle3d0Bh)y 3419 bk Sictive
charged to Vread and the precharge si gnal is disabled, the reading

circuit 30enniy rerd enshleysigndli RE.tiwohisbn and it Brst magenatde iswitaln M3 B RH)s
state and |low resistance (RI) state, as shown in FIG 4. 10101041

FI G shows a schematic of the timng waveforns for the respective
control si0ge0]l Whiladbosetong hwlevays) qd. apvinodi tammniha) dfothe afise achidnegnable
operation, .a.r enable signal, RE, as represented b h vefarm
207, hatEn N S F AR chueth s fararBrolabbia reSpiea (Erd Yl HHones
(G of thgnddaiéns, ead ORI BodVtgh(\B s%&l%eaqeﬁnﬁlm? STementrst ead enall e
switch M6 316 to turn on both the first read enable switch M3 313 and

t he secorfvitchd} dhd mapdtsl Esconngcgss vpm3hebit Awe ABER3H) andfonngeted to node
SW t chii ng. 0N j &NAR 1 MB 313, the latch 330
may b@coneﬁpég?llic\l}g?a?d{e&{%%%f&% app%lgg’(t?a\rr%%g t§/S'the sane tinme as the
appl i cat i [0 fTHeheechhrggsivitRiEMID212 @ ther edlvhrigepsclgngd, forRxemplzrig @roiid,

may be applied to the the gate no .G) of 't char itch M2
317 to t Ul FeEHEReBEEC eheress K ﬁSt(l\l/Elg'%fﬁ‘.ie Qﬁlegéﬁsﬂﬁﬁé&&gw,ma}'2o
Prechar geyeA08,,mae BtudlRble€thef Stitch K4k hmeadiridtd iRt BRY dobehn tHroughs
a result, the precharge switch M2 312 may couple the current source

320 to t Hehieh B¢ of Hpue meaWey sglls, 62 Bfd max bp acegesedythe pgatory Ball access
current i r i i N

ot T oAt A6 3B e Selt Ul b SOMERE, ARN'S SHEREI ISyt She
i nput node n38¢ mboorn geltshe g f 342s may badéosssetli The soeoridadad ¢nbible Blwdtch M6 316

precharge volta Vpr echar ge, be t read, 25.vol Vread. In
Dia ¢ on minkd (3ol BEXE 5 T8, BGubd THRTRR ARG MEFTT b B ficd

| i ne (BL)to3#4ke fieylakRB 330@meag diffdrént cbRningakl enibolin@aus Vhare a dilicattd atch
vol tage, Vread, is. higher than a reference voltage, Vref 412, that

. 1S highe )
may be applbpeh theghirg Iéf%%%t%]éWi Hunanbgieempysd.dn otlirs wosdss prhgrsor dedigaged

the bjgt |1hRR idBhiiddfRr bhcRALIE thd BirY48RG ol 19 377 GRH A0S SlaRa,
Precharge 406,” may be renpved. As a result, the precharge swtch M

312 may H@16)Fech cietdie piréchargecsvaioh MEcHIPp|firsigrenth eenable rsentch Marklé 320

fromthe first i,nput no f the | at duri ng a.second

oot ng ot shRBH D9HR NE 00 meh ARe B RIHOR Bopc sl ok GAB1e as
shown for the reading circuit 300 illustrated in FIG. 3. However, it should be appreciated

that each of the precharge switch M2 312, first read enable switch M3 313 and column
25  selecting switch M4 314 may be a PMOS type transistor, depending on the reading signal

strength. Where PMOS type transistors are used, the control signal precharge applied to

the gate node (G) of the precharge switch M2 312, the read enable signal (RE) and the

column address signal (COL) may be active low signals.

[0103] During reading, a precharge signal applied to the gate node (G) of the precharge
30 switch M2 312 may cause the reading circuit 300 to charge the bit line (BL) 340 t0 Ve

to obtain a high reading current. As different reading voltages, Vie.q, may cause a change
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[0106] During a third reading time period, t3, an enable signal (EN),
as represented by the waveform 420, that is "high" 422, may be
applied at the enable node 334 of the latch 330 5 so that the latch
330 may be operable to conpare a voltage applied to the first input
node 331 with the reference voltage, \Tref 412, applied to the second
i nput node 332 and to determ ne a progranm ng or resistance state of
the menorof el medé?/ belled RRAMeresighiRg®R, ploedifetenatvaliee decoding! tptie
node 331 durlqu:?%IH the thifd readi nq time period, t3. Based on the
t

conpar i soRlatien®in ek R 830whery kit fitting retamsier. a1dhna the reaging vpltage, a
repr esentpﬁ Q)}ﬁeﬂdl@alﬁ\@\etl%afyolregﬁfl g-pa lﬁ%rﬁ?ﬁd Cﬁhfug,ﬁ reépgﬁél%%ro?%{_‘) QEBBR/

D.ut =1, S i ndi cat resi st ance state
and D.,, tcei:l 3@2 @sneraﬂy; aaﬂrmg dignall 8@ helpao atlheve logh mgsalstoﬂmse rz(tiaC()SNR),

t at bl

onti |t nd Mo Pe A B P RT O D A7 PO T PPt & BAVRE> Bha ion
of the Iahﬁqhnﬁsqmrmmﬂ tﬂhhﬂb&ncel me/rea B%t\*blt@géﬂv,&wsmﬁld béﬁluapdﬁa@é%?zha&nd
Dout _bar out put node 335 eﬁg to V2. In order to sense the

di f f er encli® BEHRESTP IR - Ao (31r>r3s%0 isrfbateed da e/ as die Nedrrgs
the seco i a
g@% ADRYis0EE $8%e cﬁh%%ﬁ‘}fulp@ﬂﬁ g#%gg% Saﬁglyﬂ{g?ﬁx_ %vg%gf)ncgﬁ%ﬂ‘ _PI; h,

422). Th Ifferent respectl I nput v
may resulItaswtnncrstl(Rﬁ)sstantinttllosxcwgm@aces@e)ssistem shinen DoWGodt put node 333

Smnole; Tadeaah. AR LOREmAR o hd BN Wil B 8 Sttty Fonuol,
resul t, tsh@atspl’af:ﬁﬁr@ﬁgdﬂongarﬁmb Pesiibodirblents. elrdrh@rredaﬂﬂg optthiet, Need SdBleor

Dout_bar out put_ node 335, _in_.that ﬁath t¥l |l ed to ground. For
exanpl e, SHHEB @Evﬁﬁf‘?ﬁéf‘é%‘!te@bmhé‘rfwa"f’ B[99t i atjarhls}a My s apaliedig thep e

pul I ed t Oegy \A%Itel,é‘zxo@esr(@}:)wf{the e réﬁ%ﬂle%htM@rﬁBsatnﬁrthg’ggcoﬁﬁkﬂe

turned off I\/Ean the'th PMOS transi stor may be turned
by a | ow <Deble siyieh Mt 6l tamondhetit the fires re@ eDafle swuclpMB Yidded mlswseb@d
puI I ed to W gl va V, 108

g )eac? E%Mé g\p Mé; ?éﬁc‘gé (?uljlgrgugt}’] {)f %er éWlH;hEnV%,lon ]of tﬁ'e th? ld erﬁiﬂ
h| gher t m.ritch’ﬂ\e}asillﬂthe laml 38Gume bedonicdceieatedhe BL node 340 to hoI d t he

voltage proxi mately Vread, as indicated by 414, In_the at
(e.g. oali’ ORI rsrerimalely thy viseg. e, Balhe FREYCHETIR e e Kb 3 e
di schar g?rgdh%fg%'ﬁgnfaf @fec%géé@s tneay&“ﬂe a%ﬂﬁed mﬂle @@ gate%ga@(ml 6f1thé ﬁ}%charge

vol t age t he nodé 340 may be pul down to |readxRL,
i ndi cat edsvigh4¥g 312 g tynad)n W?eﬁr%"hf#lé%lmy X2631% Tl“b%spr@qhalrgetﬁgnal

referen
onci Hor et @dRs mivte dipfied PR tORAmG i Do IS FRuE T MEcharee
342 may bsvichridl cBelQeda;t ooupde ithe tirenRebistab20 t¢ GHOB]st Aq)uRHodmeB Rbf ey
h t t di ff t f t

e ey bR BB Puth PR S bl mete ER LB S
RH al Waysinﬂﬁﬁlodé 3they PP a ‘;Sﬂichﬂ@@ thafg@ ﬁF}Q;lmlgé?Qt th%&ﬁrﬁl 1ﬂ1§httnBaé 33 r\dﬁﬂ]%

RH st at e, | east substantially sanme voltage of |iread may
mai nt ai netli‘3 ﬁFFquealeEetllﬂi? s}leflp‘[l)uhi dhe cprfeqhﬂrger@shag%aﬁmhamm@) bmatbe tead

m ni nlszedvoltage, Viead. In addition, the voltage, as represented by waveform 410, at the bit
line (BL) 340 may be increased to the read voltage, Viq. The read voltage, Ve, is
higher than a reference voltage, V¢ 412, that may be applied to the second input
node 332 of the latch 330. After the bit line (BL) 340 is charged to Ve, the precharge
signal, Precharge 406, may be removed. As a result, the precharge switch M2 312 may be

30  switched off, thereby decoupling the current source 320 from the first input node 331 of
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[0110] As described above, the voltage at the first input node 331 of
the latch 330 to be conpared to Vref 412 nay be the precharge voltage
or Vread when the nenory cell 342 is 10 in the RH state. The vol tage
at the first input node 331 of the latch 330 to be conpared to Vref
412 may be at | east substantially same as (TreadxRL) when the nenory
cell 342 is in the RL state. However, it should be appreciated that

i n anot hehe &atdhodf Oyenting & kecond Ity @ane phdodlt, podenB fibscaeniuehding sinst
the first i.nput node 331 of the |atch 330, when the nenory cell is in
the RL st™&f'8 nmmy be another value, which may be larger than

(1 readxRQobed] DikgS@ird edadin aite périoll ;Y HRrcghil) si ﬁ’zﬂ?Eﬁ%% feprésBfied 63l
speed may be much faster. In this case, V'f 41% may be set to

( Vr ead- Vit#§foam 429nidatis| highe 424 maydepprhwiye thumapigynoge 33heigbe laighat30
(Ireadx r Vi, er.- I e (o}

that (1 r oyt o maCR 30 T AR Rlbnlrlvlyer Hphsd BGaRRcY,
t o di schamge 331 wehvird refegmceo moltdze, Yierd 2yappéikbd ti3#i@ savayd pptit swial3B2 andated

it i R t |ar. d t h tapt .20
(o5t ot a0 Ao BRteast e 2dande P ol B aentey o, £ Wselin o gplgeee
enough ( @résenOatkMd fiss irpdit hededAi dhirin@rth@thitdeRsdingriimle Pesi6d, tf.Bused beale

fromdistribution, noise, charge injection and resolution of the
| at ch corfEWatin, 389 latehe330 maye AEEUY Gt eyt Wigedl, A, a8 orepeeserer dy

by thg | abfRr3a30BM tﬂtﬁo%t roBe 9?3,'f010efx91:11pre 8= Y As%‘ﬁ?&até _43?51,6%@ the! N

order to provide enoug gin or buffer accounting for ndis
| ower | athigh ienisiatce/@lit) stpte aralr Biur Oeasgindicamad by 23 0ty/rfar tie i)w mesystireadRi)o

f ast i d.,but ff | | er..SNR i t.h
ot her  harife SoRgRERS! kR SsEATEN 320 Bt Borarty 458 uni e Fodebi)
may resuldpefafiofor e accurate output data but a |onger reading tinme. In
various enbodi ts, the RL (resistance value) distribution may | ead
Vo b 11 erlBRE OVGE Feerihiodp Gre R Hich 3P oorrE VL IGES, bou o ghibe
Sensi fig tﬂoﬁ@j@QYanQeD&PBé}g@ﬂpu@Q&chﬂs]S] m_'a& b%hﬁHieEi thVBFIHV&SéraneQnEJ@{e

for determ ning the progranmm n%gor resiStance state of a nenory cell,
e.g. 342, diffgrenceobstespibVaintug efothanirss &ipet mpdry 38 hiand hY rereat gthe aca@d4inpaind
menory cel | ikch. LSelecting swi,toh : 3 may be
oot ¢ ched e $EEanS g e R BELEES, TRl U A e Bilrpl bRy Rt
M7 317 maypltages @fBg, s ech®d; fmay rappliy idifferent\didchage speads be thd Dt outpput

node 331 of | at ch, 330. [0112] |n_varj ous, enbodi nents, fully

dynani c m@ehgfaq@@?e @@ftj)é‘éa"[‘tp'ht_ rtOH&??%a“d hisger I8P PR, RS Vprors e
the siggnahaylead b taafistet BistiBgdbeed AR 4Bk kesul; the c%ﬁ@spdf[ﬂﬁx%eolﬁ%ut node,
non-limting exanple of such a latch may be as shown in FIG 3. The

| at ch 33CithalyDanpyipetormsia s 3 ¢y fued kar pwimi ngdg Bhy ie tat pathshaig by erllesidto
(e.g. durj t i i ti enl.qd, , a

and t hen étr ﬂgldf g@c%%ge’ @3%2’9?"&? %g\é‘gfbpjlfﬂq?"l’ﬁ'r%%ioél ot go%oiéa%%ﬁ‘%%g@e{d
The | at cho 38@imdays beemdnthecktad NyIGSheamsizadr| 392 magniad tufdeN)offl Meaandile,he
| at ch 330, 1Q. enabl e t | east unti I.readx is.smaller than
Vet as 1O hVOS gtor S e yme o by ey 0HLE e g AR e
next fsea®oﬂtgqu$utﬂ6délh£59b@lﬂ]1§3 t&98SwHich mby BOequitddt &/ vBIDSS. 5A and 5B
show respective test benches 500, 520, for readi ng circuits for

testing HOYI e dhesRiapiete (6&nsiigtha migak sfererasi aimant bes ariti¢thggay be slightly
respect i gy, tHzfnCer%Jfﬁ% 8y \ég{léeo&s f&@?.‘??é fﬁ%ﬁde 3%“&1) %’f% Ghe Qoﬁ%‘é‘a

simul ati on“results Tor 'a reading circui according to vari
enbodi merapproxbaaelst Vang, tah éndiesdd Hyedich &sths (], st (.o 0t h dhearfeosicaemtent,of
FI GS. 5A.and 5B.respecti

ely. The,test bench 500 _j.n de ead 1
(i gh redies: FAEG® SRpevesket tag HeglishaieeGmemre Alnéd Betl Bhamdsse
incl uges @sulear RitgdM 0 £5hs BRI SudLay befpulRi)doRRab AL1AY, as indicated
by 416, from Viea. When (IreaaxR1) 416 is less than the reference voltage, Vier 412, the
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[0114] Each of the reading circuit corresponding to the test bench
500 and the reading 20 circuit con-espoonding to the test bench,

i ncludi ng the various conponents (e.g. transistors, current source,

| at ch, nenory cell) nay be as described in the context of the

enbodi ment of the reading circuit 300 of FIG 3. However, for the
test benches 500, 520, a nmenory array 341 is shown. The nmenory array
341 may imeahargecedl (RRuAB) 342 mby ivenmnyidered [ts tenih the PR U kAL (Qthaiviser iy y

cell access swit \ ere a respectiye nenory cell, 25 e.g. 342
mmy be. cdfnay ot MR Y SreROig oL IE AR E (ch. o g, 315. A
respecti Vo10RiAs Rf; add R MRYh&ERIhore Shl twdActd @8 differREPIY1ef bf REGERS

switch, e.g. 315, mag be coupled to a respective bit line (BL), e.g.
340, a ré@g@&themen% isqt ity ghe(lpgarithricgniddlegroingnbh wch edlssien, Realsays bes

line (SL 01 -kl tiawn . for
tlhe r ((asad)ﬂé?\g evc’sﬁ?%ﬁa\% read @ihe hlge??rﬁﬁsﬁg%gh\?\g{\?e%t%%’mgé%y%%S{aghggzsame
pr echar gevoltagma] V,@ ey bh enairitainedy Thay, elicodisrib@fnf R 1t (R2iseanabl dus)ingayee

(EN). As shown in FIG 6, a "high" precharge signal 605 is applied
for a fir8P™E8ading time period, th after the application of a

"hi gh" RE0siqQN dBOdHedWBbl € dee vdliagh at EB RétGARE n68Y 33 SofdPNd@M30h B
third reading time period, t3, after the elapse of a tine period
(second reeappied o Vimed pemiap be thepyredmrasrvoltage Aphha when Bis regmaeryeet Ay is

precharg i .gnal..00 I; ! r Rk

Chow fhe ip axclfualts h tolieBlhoFn A ARG G hitnsogh Bk cohufl-api
hi gh r esigi;ane endyHi atRedst stbataatify dale ARBYX®) Wwham thetth@nsigadi3g2 is in
waveform 622 for fhe | ow resistance (Llﬁ; RL) state of the RRAM cell

(e.g. 342%e Rystats Haweyessibshonlabs mpresited Hetin agasher gmbgdimeat, ths wltagerpfe

si nul ati qpe BESHUE 346, 45 WRA s aNAWAER St AARBIVRY BleQhith 898 i1k tME&B@
or DO11(HR) which is the sense anplifier or |atch output data or

val ue f orcelRHb imthenB] Istates mayebe anvithey wabnee fudiain 1689 bé dargBothiaf RyaxBi) but
Doilt(LR) 1 ich,is,th nse anplifier or |latch output data.or

val uer ormtle e B s, T58RForh OB tati B affedushy o BUGH et B i fasg
340) for vhe 1 Rrhstiatet BaW,HeValWRhedbltageau itk Bhaodesubh may baleger than

\Tread, while the bit _|ine éBL) (e.g. 340) for the RL state may be
di schar gd#«&Ld bubpmallss thal bVt inee) Brat 1ot the)regsons [thag SkeaRel 9y tehe

r eadi ng r 30, tRe. readi (o) i I t w
before tﬁg%%@éﬂ%é Té/?e %5.‘1“3’ ’sar{élp%%! g‘% %n%}?%iﬁ}lgy%’ a o%%tg{ge. @p%%%ﬁéﬁyp
t he EN enabl3dd nsiyggeslkmhBeraqap liiseesistéiceaARpmby phdatgeryand esphe RCasogstant

signal is applied, there is a spike 632 in the reading power_ to about
340 |20 WSS RRePCHPASItancs) Ay Beiatess (rpgn %B&?Ftsﬂéi‘rg? FROYeadere Ay L) 193 t

of varioys o000} FENRLS HRYMRE, @D lefreliOrAHd Hi&IBRE, ﬁ%’iké{?ch% g i%i@8ldn and

r eadi ng curre_nf problemin RRAM and the reading 20 Circuit nmay

achi eve |respdutionand the e omtaedter B0. Abe felerengecandiagey \pddd, tarke ssosedrbat e
results. JIh ing circuit o ar. e diyyent.s be enmpl oye
For 1 ow fhuihaBRe (1 010 e D000 P oY TP Vivanib ol 0 Grof R R

parti cul afidrginsdtobuffeandca@sng ifdretbise. 4 loved afteln Gput QoRfpRCGhidgth (e.g. lower
enbodi ments, it should be understood_ by those skilled in the art that

vari ciis crramgb®ay ke &p mlasi semting frepdputuiitsdEom Remalla Y Rnyhtle on the
depar ti Ngyfid- ahd, HEhigRe lhlrch@ﬂﬂlt voltage margin (e.g. higher Viyarin) may result in more

accurate output data but a longer reading time. In various embodiments, the R
(resistance value) distribution may lead to different discharge speeds due to different RC
values, and so the sensing time may be changed.

30 [0111] It should be appreciated that for determining the programming or resistance state

of a memory cell, e.g. 342, the corresponding column selecting switch, e.g. M4 314, and
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25 scope of the invention as defined by the appended clains. The
scope of the invention is thus indicated by the appended cl ai ns and
all changes which cone within the neaning and range of equival ency of
the clains are therefore intended to be enbraced. CLAIMS 1. A reading
circuit for a resistive nenory cell, the reading circuit conprising:
a current source; 5a precharge switch coupled to the current source;
a conpar ahamoryi detl tictess @with Gowgsekectihg switdhpeig. MOMdE 5, masg de erndtchddpat to

node, an oufput node_and an e e nhode; . erein the prechar
switch i seng’%)ﬁfaﬁffa% Byt NP ol e B Fantsteobl o H b peRehen Yon
node of td@ﬁlﬁ%@%lﬁ%@fo e E@s‘#hguﬁh@d& Bhak dehack vsg.ent provided by the
current source 10 provid to the first input node to ap

prechar ge[ﬁlllﬂ]tlag‘éﬁf@tls teﬁ“é’oflim%ltsa ity tdypodie Wiphengnay be rused rﬂeég& rligadmgme
period, aC”l%uittg & Q%BL: ethc% Qﬁgﬁu&rx‘?ﬂfggé?r’t’lihcee%ﬁlﬁ@(ﬁﬂfhe 4o LaRUL, ngde

during a secon rea conpara or
circuit |lsnmngfexgnpled)ftsoclopéatah eagel axgshawnhin rRIGr 8a@ha tatdhi 368 may loaly

upon application of .an enahl e sjgnal .at the abj e no e of
conpar at &inecﬂmmwawew yshe 3&%&‘3}‘@%?9“% pg d %W"(dc‘i‘?a‘ﬁﬁg time
enabl e a [hpd QE‘torEl'p@Wtﬁelﬂé&}J dhd BheABEGYD 880 af rbetnﬁnéh S@RhBedaellth %‘me g

fl ow through a nenory cell; wherein the at | east one nenor

access siiomer The lé‘éhﬁﬁgﬁﬁéd’et@ﬂf&@lledvb)fdh@: Qliiarbéﬂ(ﬁlglfql N #2( @ulsthe latch 330
parti l%l Ly, rgyuﬁé Qrgab ela ?E?‘:St 1.5811 échXkR)eltS sma[lgr tﬁ]g %s sflor{ven P eIEIbogfsTh

t hrough th nenory he"conp At atbr Tt s fur?ﬁer

confi gur @gﬂammmaﬂﬁn Bec W tuag eheul ieading or t;vhﬁng plils¢ goddpeIthigiode with
a reference voltage apglleq o the second i nput node and to detern1ne

a progr art Y Hpgt 8AGpd SReShowisiRecly 'iestd%?g@tf&;éﬁﬂm?@ Vo9 readiee preudte der
at the figgigl BPN treddQsiRe MehiiRg ahf Qo Neittah@AEinEE e tefRc RS, Mcording to

various embodiments., while FIG. 6 shows simulation results for a reading circuit,
15 according to various embodiments, based on the test benches 500, 520 of the
embodiments of FIGS. 5A and 5B respectively. The test bench 500 includes a read 1
(high resistance state; HR; Ry) operation, while the test bench 520 includes a read 0 (low
resistance state; LR; Ry) operation.
[0114] Each of the reading circuit corresponding to the test bench 500 and the reading
20  circuit correspoonding to the test bench, including the various components (e.g.
transistors, current source, latch, memory cell) may be as described in the context of the
embodiment of the reading circuit 300 of FIG. 3. However, for the test benches 500, 520,
a memory array 341 is shown. The memory array 341 may include a plurality of memory
cells and a plurality of memory cell access switches, where a respective memory cell,
25  e.g. 342 may be coupled to a respective memory cell access switch, e.g. 315. A respective
pair of a memory cell, e.g. 342 and a memory cell access switch, e.g. 315, may be
coupled to a respective bit line (BL), e.g. 340, a respective word line (WL), e.g. 348, and
a respective source line (SL), e.g. 349.
[0115] FIG. 6 shows the timing waveform 602 for the read enable signal, RE, the timing
30  waveform 604 for the precharge signal, and the timing waveform 606 for the cnable

signal (EN). As shown in FIG. 6, a “high” precharge signal 605 is applied for a first
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252. The reading circuit of claiml, wherein the programm ng
state of the nenory cell conprises a first progranm ng state and a
second programm ng state. 3. The reading circuit of claim?2, 30wherein
the voltage at the first input node of the conparator circuit which
corresponds to the first programm ng state of the nenory cell is the
precharge voltage. 4. The reading circuit of claim 2, wherein

t he vol t agadiag time@efivd, 3£, afterphd appdideticaf oftalithighd Rifesi@iad 603 iwhile iat“hishi’ €N

5 i yi 94 R BanBR £ b Rt R hbr 8RE G fees Ghfime period
resi st anC@edhd rHQinTRIEY Yerfo! L) HHer EH%%FEE&QBQ opﬂh@%@%ﬂe&e@g@é@m gos.The

reading circuit of clai'm2, wherein e vol tage at I Fst i nput

node of tlMél@oksarislation resalfp tofiiGe 9 aleo ey daperadinst wavefians 62rd the
pr ogr aymi i s r £ aku t

9 SR BUE (S 1 057! B0 By LT L R o o
r esi st anceadifig tvaecform62y forahd loat resiblenced LB &, pstatg odi thei RIYA S adlde gnddd)s

smal l er than _a second val ue_equal to a dif ence between the

refer once b e VAt Vag el lﬁdlcats%éf#weﬂ%laa?wsahtsr her gow
claimb5, the timiNd@adfBrmh BOS FR BY EROLMD) FAREWARS i@ thedcHR AR Aler bP lfch
di fference between the precharge voltage and the voltage margin. 7.
The readitgpPwidp@irivalye T Ry, s svell as the timing waveform 609 for Dou(Re) or Dou(LR)

10 which is the sense amplifier or latch output data or value for Ry
[0117] It may be observed that the bit line (BL) (e.g. 340) for the Ry state may be always
at around the read voltage, Ve.d, while the bit line (BL) (e.g. 340) for the Ry state may be
discharged to a voltage below V¢ 624.
[0118] As illustrated by the reading power waveform 630, the reading power is only
15  about 342 pW before the RE enabled signal is applied and only about 4.5 pW after the
EN enabled signal is applied. At about the time the precharge signal is applied, there is a
spike 632 in the reading power to about 340 uW.
[0119] The simulation results show that the reading circuit of various embodiments may
be able to address or solve the small reading current problem in RRAM, and the reading
20  circuit may achieve less than approximately 50 ns fast reading speed and accurate results.
The reading circuit of various embodiments may be employed for low power applications.
[0120] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
25  scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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20wherein the voltage nmargin has a range of about 0.01 V to about 0.1
V. 8. The reading circuit of claim 2, wherein the first
programm ng state of the nenory cell is indicative of a high

resi stance state of the nenory cell and the second progranm ng state
of the menory cell 25is indicative of a |ow resistance state of the
menory cell. 9. The reading circuit of claim 2, wherein the
conpar at ofLAIMSui t is configured to output at the output node, a
first value when the first programrmng state is determ ned and a
second val ue when the 30 second progranmm ng state is determ ned. 10.
The readihg ci® Eadnesireogt &rmrﬁlst&m&e@mﬁﬂg the reRQIng, Gif Qe COMPISIAEY ¢ he
second val ue iscyPrentlsburcéNe reading circuit of claim1l, 5further
conprising a current mrror conprising a first transistor having a
first Snode, a aquedatkersyiteh aeupled tgahecumsdiesoared; a second transi st or

having a first_ nod a nd. nod d_a gate, node; wherein the
car rent “sour od RS TEER P PmBe BB Bt b8 ot HEHE nOu &F gy
t he prechmidgandm trebleamdpyr i ses a first node, a second node and a gate

10node; erein the input node of the current source is coupled
to the second "\r,‘yt]?ﬂfén %d’r?qi'érgﬁéf"étc &?cFé’nger%@ qoiqué"ttQ? FUTRR SquERe 1g R Hiple
gat € nodgnfit ol of e UBFhphFaR irehiPSuchalft hdGurRidt Piakide@ G (R el source
current source is coupled to a first voltage pol nt; wherein

t he fior stis poetedask totthe firstrigputtnodnde spply,a piseharge seltage die thsf fishinpyeverted
transi st Oc{uring a first reading time period, and to decouple the current source from the first input

node during a second reading time period;
wherein the comparator circuit is configured to operate during a third reading time
period upon application of an enable signal at the enable node of the comparator circuit;
15 at least one memory cell access switch to enable a current flow through a memory
cell or to disable a current flow through a memory cell;
wherein the at least one memory cell access switch is configured to allow a
current flow at least partially during the second and the third reading time periods
through the memory éell;
20 wherein the comparator circuit is further configured to compare a voltage applied
to the first input node with a reference voltage applied to the second input node and to
determine a programming state of the memory cell based on the voltage present at the

first input node during the third reading time period.

25 2. The reading circuit of claim 1,
wherein the programming state of the memory cell comprises a first programming

state and a second programming state,
3. The reading circuit of claim 2,

30 wherein the voltage at the first input node of the comparator circuit which

corresponds to the first programming state of the memory cell is the precharge voltage.
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15and the first node of the precharge switch are coupled to a second
vol tage point. 12. The reading circuit of claim 11, further
conprising a first read enable switch and a second read enable switch
respectively conprising a first node, a second node and a gate node;
and 20wherein the nmenory cell access switch conprises a first node, a
second node and a gate node; wherein the first node of the first
read enable switch is coupled to the second node of the second
transistq{; (ﬁheneig thﬁ.f%rst node of the second read enabl e
switch i s couplEdeEHEL 88l 25 node of the menory cell access

swi tch, and t henest®anel vonske: of Hehfrss 4N thddeast giralirepasmbt 6ficdi which
coupled to the first voltage point; ~wherein the first node of

t he menoréprEgionds i dhes seeand Programpggnpialg s bigingd, By mafdplymgt the ovERBY v
cell. 530]173‘0 & 'bﬁat‘ﬂb '&n%h{ catirle 9fd G f’e'sﬁ}ailxge of the melﬂdfgtc}éﬁra CAOPRLLSINY
a colum ‘sel ectihg swtch conprising a first node, a Second node and
a gat e nguegramming stgtherei n the first node of the columm sel ecting
switch is coupled to the second node of the precharge switch. 5

14. The reading circuit of claim13, wherein the second node of
the firsts readheneddig Swuitehclang2t he second node of the colum
selecting switch are couRIed to a_second end of the nenory cell.

wherein the voltage at the first input node of the comparator circuit which

10 corresponds to the second programming state is larger than a first value obtained by
multiplying the current provided by the current source and a resistance of the memory

cell at the second programming state and is smaller than a second value equal to a

difference between the reference voltage and a voltage margin.

15 6. The reading circuit of claim 5,
wherein the reference voltage has a value equal to a difference between the

precharge voltage and the voltage margin.

7. The reading circuit of claim 5,
20 wherein the voltage margin has a range of about 0.01 V to about 0.1 V.
8. The reading circuit of claim 2,

wherein the first programming state of the memory cell is indicative of a high
resistance state of the memory cell and the second programming state of the memory cell

25  is indicative of a low resistance state of the memory cell.

9. The reading circuit of claim 2,
wherein the comparator circuit is configured to output at the output node, a first
value when the first programming state is determined and a second value when the

30  second programming state is determined.
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1015. The reading circuit of claim 13, wherein the second node
of the first read enable switch is coupled to the second node of the

precharge switch; and wherein the second node of the colum
selecting switch is coupled to a second end of the nenory cell. 15
16. The reading circuit of claim13, further conprising a third

transi stor conprising a first node, a second node and a gate node;
wher ei n tle fimtreddﬂig&nmﬁltbhe[amhgrd transistor is coupled to the

first input node of Zi‘t fo ara% r circuit; wherein the
second node of%heran theifet afugas | ap |S%COBGUQP%6FQO t he second node of
t he col umm sel ecting sw tch; wherein the gate node of the third

transistor is coupled to the gate node of the columm selecting
switch. 24. 17.Th15hr@dr1maﬁiﬁcn§1;0’étlammil,t of claim1, wherein the precharge
SW tc@ t he ry access sY\n

oAl el FERE RGP Brind 3 Bl P O b gt
t he sécond read ena t'chand I [bs
t ransi st aiode, axithdivde hRd@dighg notdé end 4 se@bndiraisiitol hawhg b Eirst rioll€, ansecandy
cel | access SV\c/l tch i S8 row sel ecting sw tch.
node and a gate node;
wherein the current source comprises an input node and an output node;
wherein the precharge switch comprises a first node, a second node and a gate
10  node;
wherein the input node of the current source is coupled to the second node and the
gate node of the first transistor and the gate node of the second transistor, and the output
node of the current source is coupled to a first voltage point;

wherein the first node of the first transistor, the first node of the second transistor

15 and the first node of the precharge switch are coupled to a second voltage point.

12.  The reading circuit of claim 11,
further comprising a first read enable switch and a second read enable switch
respectively comprising a first node, a second node and a gate node; and
20 wherein the memory cell access switch comprises a first node, a second node and
a gate node;
wherein the first node of the first read enable switch is coupled to the second node
of the second transistor;
wherein the first node of the second read enable switch is coupled to the second
25  node of the memory cell access switch, and the second node of the second read enable
switch is coupled to the first voltage point;
wherein the first node of the memory cell access switch is coupled to a first end of

the memory cell.

30 13, The reading circuit of claim 12,
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further comprising a column selecting switch comprising a first node, a second
node and a gate node;
wherein the first node of the column selecting switch is coupled to the second

node of the precharge switch.

14.  The reading circuit of claim 13,
wherein the second node of the first read enable switch and the second node of the

column selecting switch are coupled to a second end of the memory cell.

15. The reading circuit of claim 13,

wherein the second node of the first read enable switch is coupled to the second
node of the precharge switch; and

wherein the second node of the column selecting switch is coupled to a second

end of the memory cell.

16. The reading circuit of claim 13,

further comprising a third transistor comprising a first node, a second node and a
gate node;

wherein the first node of the third transistor is coupled to the first input node of
the comparator circuit;

wherein the second node of the third transistor is coupled to the second node of
the column selecting switch;

wherein the gate node of the third transistor is coupled to the gate node of the

column selecting switch.
17.  The reading circuit of claim 1,
wherein the precharge switch, the memory cell access switch, the first read enable

switch, the second read enable switch and the column selecting switch are transistors.

18.  The reading circuit of claim 1,

wherein the memory cell access switch is a row selecting switch.
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