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-1- . Description A MEMORY DEVI CE
HAVI NG A PONER SUPPLY- | NDEPENDENT . LOW PONER CONSUMPTION BI T

LI NE VOLTAGE CLAMWP 5 TECHNI CAL FI ELD The present

I nvention generally relates to non- vol atile nmenories e EPROM

E[ err] PROM FL&M¥48426nd nor e specifically to a vol P&H® M&%I ng
circuit for the bit 10 l'i ne. CKGROUND ART

Non-vol atil e nenory devices, such as EP E[ err] PROM and FLASH,
enpl oy floating gate transistors as the 15 menory storage el enents.
Figure 4 shows a generic r epr eReseRiPBIPNOf a typical prior art menory
devi ce 100 consi sti ng of an array of nmenory cells 110, addressed by

row and C|0| ]ljrm sel eCd pEdECEAVING M@e’l{ bupSd-iRbEpENDENRL[ €T T] . A

n Ifrer 1
e DRI T e A A
reference signal provided by a reference cell 150. A first input 161
to the sense anpTECHNICAICFEEMES t he reference signal of the reference cell
150. The menory cel Irhgaﬁﬁsbﬁtdﬁitvﬁﬁéf‘éh JendraAG0PE dtdaU ko Ifsh-0f 25
the sense anp 160 lg@ﬁed?‘ngg‘of es ?teeé:.t %gn&l? %%Ma FLASH), and more

specifically to a voltage clamping circuit for the bit
10 line.

BACKGROUND ART .
Non-volatile memory devices, such as EPROM,
E°PROM, and FLASH, employ floating gate transistors as the
15 memory storage elements. Figure 4 shows a generic
representation of a typical prior art memory device 100
consisting of an array of memory cells 110, addressed by
row and column select lines, ROW, - ROW,, COL, — COL,. A
sense amplifier 160 detects the data state of a selected
20 memory cell by comparing the detected data signal at
sense node 131 against a reference signal provided by a
reference cell 150. A first input 161 to the sense amp
receives the reference signal of the reference cell 150.
The memory cell data is detected at a second input 162 of
25 the sense amp 160. The data is detected through a
combination of a load circuit 132 which is isclated from
the bit line 135 by a bias circuit 130. The circuitry
130 and 132 detect the data state of the selected memory
cell at a detection node 133 and produce a biasing
30 potential at sense node 131 which is sensed by the sense
amp 160, '

A memory cell is selected by asserting a row
and a column select line. A selected memory cell that is
un-programmned will be conductive, with the result that

35 sense node 131 will be driven to ground, causing the
sense amp 160 to generate a first'signal. Conversely, a
selected mehory cell that is programmed will be non-
conductive, with the result that a charge build-up will
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conbi:nation of aload circuit 132 which is isolated from the bit line

135 by a bias circuit 130. The circuitry 130 and 132 detect the data
state of the selected nenory cell at a detection node 133 and produce
a biasing 30 potential at sense node 131 which is sensed by the sense

anp 160. A nmenory cell is selected by asserting a row

and a columm ¥PBEB2% | ne. A selected menory cell that is PCT/USISO8LS2
un-progranmed wi Il be conductive, with tbg result that 35 sense node 131
will be driven to ground, causing the sense anp 160 to generate a
first signal. Conversely, a sel ected nmenory cell that is programed

will be non-  occurpplieensgenods 1131y heesddng ithar valeage getenfiad up wil |
Printed from M nese G4/ détckd88 BB the: Séngeagap-B produce a secomdD 98/ 48426

PCT/ US98/ 08152  gyutput signal. _ -2- occur at sense
node 131, resulting in a yollhads RoLSRl Al sne 1ddiPbibsuiS055" &b by Lhe
sense anp to produce a secon out put”_signar, Nurrer ous

schenes for & he piag cirFpif 13933re fnoun. Rigdxe §.r £GFt%2MPLI8r ¢ known.
Figure 5, for exidtpistrates an pkanplter of choagn and adgtiectdédn | cdladudbxly det ect i on
circuitry as disclosed in U.S. Patent No. 4,799,195. The load circuit
132’ is shown consisting of an N-channel MOS transistor
(NMOS) 202, having a drain and gate coupled to V_ and a
10 source coupleéd to the sense node 131. The bias circuit
130’ consists of an NMOS transistor pair 210, 212, "a pair
of inverters 214, 216, and an NMOS gating transistor 218.
Each of the transistors 210, 212 is coupled with its
drain-source path disposed between V.. and detection node
15 133 to detect the data state of a selected memory cell
110’. The inverters 214, 216 are connected between the -
selected memory cell and the gates of transistors 210 and
212 respectively. The inverters each invert the signal
from the selected memory cell 110’ sensed at detection
20 node 133. A gating transistor 218 is coupled between the
detection node and the sense node 131.
' In Fig. 6, circuitry disclosed in U.S. Patent
No. 4,916,665 includes a detection circuit 130’ and’
variations of a load circuit 132a’ - 132c¢c’. Load
25 circuit 132a’ comprises an NMOS device having a drain and
gate coupled to V., and a source coupled to the sense node
131. Alternatively, load circuit 132b’ comprises a P-
channel (PMOS) device having a source coupled to V., a
gate coﬁpled to ground, and a drain coupled to sense node
30 131. Load circuit 132¢c’ comprises a PMOS device wherein
Ve is coupled to a source and substrate thereof and the
gate and drain are coupled to sense node 131. The
detection circuit 130’ consists of an NMOS transistor 310
having a source coupled to detection node 133 and a drain
35  which receives V. Gating transistor 312 is inserted in
series between the detection node 133 and the sense node
131. Transistors 310, 312 are biased by a constant



di scI:osed in U S. -Patent' No. 4,799,195. The load circuit 132" is

shown consisting of an N-channel MOS transi stor (NMOS) 202, having a
‘drain and gate coupled to V[err] and a 10 source coupled to the sense
node 131. The bias circuit : 130" consists of an NMOS transi stor pair
210, 212, a pair of inverters 214, 216, and an NMOS gating.transistor
218. EaWR 9%¥#84%he transistors 210, 212 is coupl ed wk gﬁuqsflgx?

drai n-source path di sposed between V[errlsand detection node 15 133 to
detect the data state of .a selected nenory cell 110'. The inverters
214, 216 are connected between the sel ect ed r ceII and the gates
of transistors 2dttage supplied by r%?ﬁéﬁt?jxféﬂ“gt t°§rs each invert

t he signal tfarmistbe crelinc3k4, Pd6orand SLB. 110' sensed at detection 20
node 133. A gating transm.% om»aea& iN®. COMPI7Gd2bed rRBséddoad ana det ecti on

node and the SENg& Y gn 32' 1:;10eS as/ glﬁ{&raﬁed Cinr f"l’ét ry, di scl osed

in U S. Patent - J(% etectiron circuit 130" and
variations & a %&%FFE%R’! Fouit 13%2’6‘" “9830‘”2@ enable Frap= (13-4 :
conprises an NMVOSistoxisc4029404g dTxhnsintommpairs 406pat €06 @Pe0§ V[ err]
and a source couphgysl gaght sFdBEcanGdWerter. A3gatilig eramilistery41d oad

gngF'eg 3323[ eggfpré&%ic@e&’meween ﬁ%ggetf%n &r%ggsisﬁ%\éa%mvwa% a source
?L%‘l mﬁoﬁ'ﬂ%ﬁtﬁaﬁuw? uf‘?ZE cg’ #?'getso 59?’ !E\Q/?CE \R/her ei n

sense node 30

V[err] is céupl edode aTbeu?%*é’“&nﬂfsWﬂFa’Eéqﬁﬁer‘é‘lﬁh dfcceypded to  gate and
drain are coupl ethé ayatense ¥NOsetiddsistoe 410, andethecbitputiofcuit 130

consists of an NMRled5054.0M0880is coupléfi\icn8he dudiel 62 gutiipbed to
det ection node 1§3 a”iﬁ’esra diﬂ N XOpmos %ﬁ%{ﬁ%‘i&@é %ke%éc%eivgétﬁng

transistor 312 i ct i orf*node 133
and the sense no@ik its 5°“I8i.a“1’r éﬁs‘?%l"'g o Fensg nadel ?ﬂ'a?e&tﬁy a const ant
Printed froms M ndsai04nd/gd®899 13:51: 03 page -4-

U.S. Patent No. 5,559,737, as shown in Fig. 8,
discloses a detection circuit 130’ having an NMOS bit
line chargiﬂé transistor 502 coupled between V. and
detectidneﬁéde 133. An NMOS gating transistor 504 is

20 coupled betyeen-the detection node and sense node 131.
Both transiéﬁors are biased by a circuit, shown
genericaliygas bias circuit 506. The load circuit 132’
consists of a PMOS transistor 508. '

, The floating gate of non-volatile memories are

25 susceptiblé’#o a condition known as "read disturb" or
soft write érror, during lengthy read periods. Referring
back to the_generic diagram of Fig. 4, suppose that
memory cell _--.iiz has been selected, meaning that the ROW,
select line 'is asserted with 5 volts and COL, is asserted

30 with 5 volts. If the potential V. at detection node
133 rises above a certain level, the floating gate of
memory ce11:112 is likely to be subjected to soft write
errors ("read disturb" effect). Although this potential
is dependent on device technology and the specific

35 structure of the memory cell, it is typically in the
range of 1.2 volts to 1.8 volts with 1.5 volts being a
commonly ﬁsed value. Thus, it is desirable to maintain
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- 3- vol tage supplied by a blas circuit consisting of transi stor
chain 314, 316, and 318. U S. Patent No. 5,197,028

di scl oses | oad and det ecti on C|rCU|try 132", 130" as |IIustrated in
Fig. 7. 5 The detectlon circuit 130" includes chip enable tran:

sistors 402, 48P%4826,\si stor pairs 406a, 406b and 408a, FCTUSBMEER), oach
conprise an inverter. A gating transistotgdl2 i s connected between
detection node 133 and sense node 131. The inverter inputs are
coupled to the detection 10 node. The output of inverter 406a, 406b is
coupled to Vireing &te OB PRSI 1§ F9dFe 110t °lf§ﬁr thareRrtoRt it of
inverter 408a, 408&asts mdoimized read tdistyek effectmt i ng . transi stor 412.

A PMOS | oad transistor 414argahySravsestdr coupledbetigersenece and is

coupl ed to sense i nd., Gat u. S
Pat ent No. 5, 559 1:’ﬁ;ls o‘%/\d/ngﬁd K segéén%dé dsl scF%stes? a det ecgl on

circuit 130" %havi f%® e prid T| & SPAYR Fi195 1§ an S sBRFMISHBe coupl ed
bet ween V[ err] anauch thatdﬁﬁm iignlimided 1tz a maxiwams .ghta‘!?gi?frh-rﬁsl stor 504
is 20 coupl ed belmenwhéevmhgetamnowdesamd W51 eV, pouteerk3 e, Bot h

transistors are b{:ﬂéeﬁiaﬁ!n& \Fdl'i-.ﬁ tappiﬁl&d‘ﬂ:o the cdiﬁ:%i ~ Mfal?heb' as
circuit 506. The €ﬂ}$8|rc tra&1§;stor 508.

nsi st
The Tl oati ng_gat 9B OM MR oo FFRisiaes S04 n g B 1 4RV o o
conditi on knb¥hn ads"iteadhyeshaldpvolfage. TYPéGFUW‘ﬁttks @r?o‘r 1.9u¥PHey | engt hy
read periods. Refsorthay V. should be fixed at 2.2 - 2.5 volts. As

exemplified above, this is achieved by the use of active
feedback circuits or a chain of series-coupled, diode-
connected transistors. These prior art schemes have two

15  shortcomings: they always burn power; and, since V., is
usually derived from Ve in some way, the prior art
schemes are quite sensitive to variations in V_ thus

adversely affecting their ability to maintain Vv, at the
proper potential, e.g. 2.2 - 2,5 volts,

20 Complicating the situation is the increasing
usage of 5 volt, 3.3, and 2.5 volt systeims, requiring
these non%yblatile memory'devices to operate under mul-
tiple power supply environments. Practically speaking,
memory devices will be exposed to power supplies that can

25 vary anywhere between 2.5 volts and 6.0 volts. While it
is a relatively simple matter to provide a stable V.,
which is designed specifically either for a 5 volt system
or for a 3.3 volt system, such prior art circuits cannot
economical-:];'y_ and effectively provide a steady V,; source

30 that can be reliably interchanged between 5 volt and 3.3
volt systems. For example, U.S. Patent No. 5,572,465
discloses a memory device which employs a circuit that
detects whether the device is operating with a 5 volt or
a 3.3 volt power supply. The circuitry requires a 3.3/5

3s volt detector which drives combinatoriaﬁ logic circuitry
to select between a V_,, of 5 volts or. a §.3 volt reference
voltage generator, thus providing the piope: voltage
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back to the generic diagramof Fig. 4, suppose that menory cell 112

has been sel ected, neaning that the RONerr] select line is asserted
with 5 volts and CO.[err] is asserted 30 with 5 volts. |If the potential
Vlerr] at detection node 133 rises above a certain level, the

floating gate of menory cell 112 is likely to be subjected to soft
wite erWVOMUs6  oad dj sturb" effect). Although thi SOHUPEREFY

i s dependent on device technol ogy and thesspecific .35 structure of the
menory cell, it |styp|cally|nthe range of 1.2 volts to 1.8 volts
with 1.5 volts being_a used, val ue. - ‘Thus, it is deswableto

mai nt ai n level. The °°‘|§?j1"'ﬁf'8 ¥ 4T Hﬁs&eﬁ%dlEPlgwrf?,tgi 03 page
-5- \WD198prS 4dper level is provided. '

PCT/ US98/ 08152 What is needed is a bit liné -&ramping schéperr] at or
below 1.5 volts ig.ofder i%%eﬂéf‘t‘i%%t 8 nolbr S?ﬁ’s. @g,}rla@ighfn Zg4 gad

di sturb-effects r StOf ed .between the
det ecti on nofe arﬂ}sf’hgeijeﬁ?gé 'fﬂ)d’@vesﬁcﬂ‘}"ggi :e?ie.f"'h Tﬁ)lﬁlﬂp 8inthe
prior art shown Himgdesign agd whisl gorgumes Virt:méhthair’OVPérr] islimted to
a maxi num vol tage of 1.5 in this@iselosubiag t&f.&tt&gm wlanpecankBitiss Verr] -

Vlerr], where V[ gfddivhfive terms refer to a scheme' for. 1imiting a voltage
potential to a maximum value, and is to: be distinguished
10 from a czrcult which fixes a node at a: ‘cértain voltage
level or witliin a range of voltage ieﬁéis.

SUMMARY OF: THE INVENTION
A non-volatile memory device in accordance with
15 the present invention includes at least one memory cell
and row and column select lines for selecting a memory
cell. The memory device includes a sehse amp for sensing
the data state of a selected memory cell. A load circuit
and a depléﬁion—mode transistor connected in series with
20 a column select line of the selected memory cell operate
to generate a potential corresponding to the data state
of the selected memory cell, which in turn is input to
the sense amp. The depletion-mode transistor is an NMOS
device. Thé'load circuit may either be a PMOS device or
25 an NMOS device.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a preferred embodiment of the
present invention.

30 Figs. 2A and 2B depicts a second embodiment of
the present invention.

Fig. 3 is a typical transfer curve of an NMOS
depletion—mode device.
Figs. 4 - 8 each illustrate a prior art bit
35 clamping schemes.
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t he biasing voltage applied to the control gate of the gating
transistor (e.g. transistor 504 in Fig. 8 and V[ferr] 10 Is its
threshold voltage. Typically V[err] is 0.7 - 1.0 volt, so that-
Vlerr] should be fixed at 2.2 - 2.5 volts. As. exenplified above, this
I s achi eved by the use of active feedback circuits or a chain of

seri es- coupl e¥WO MHe- - connected transistors. Thes®CEUB0815% t schenes
have two 15 shortcomi ngs: they always_Rurn power; and, since Vierr] is
usual ly derived fromV[err] in sone way, the prior art schenes are
gquite sensitive to variations in V[err] thus - adversely affecting
their ability tOBESF MOBENOK/[GHRRYING QUF-THE INVEYTE@®r potential, e.g. 2.2 -
2.5 volts. 20 A HeNBRy| @ékicey Lirhecddriaunte aﬁtnsm&@rleasﬁeasu ng
ﬁiﬁgsofgt |5I gogﬁ%ﬁ&&é\@/’?ge%%o\égl gét Egeg{muml ’Tctlnagﬁer supply
environnents. PRAckSash PYe R al 10'% {@%P Waro:<ati) Egsb‘an bE™ exposed
to power suppli eitng mrowapndn colm edaghihkine. be?lvm\#ains qforttls and 6.0
volts. VWile itcolumn seleet nansistdns 20n@mbe tiiwdt €5 nodepsD\dfdbit st abl e
Verr] whi ghnd %ﬁesaggaqnapeﬂrtdmbbys@lhhhea #dstatdrmidal System

f 3.3 |t t |1
and of fect | vel y SPIRAG 2 é'%%aag” i aEalhT S80S, co senaBC0MOT 0L 1Y
i nt er changed bet 1ed% 3. 8pd %r?& 8§ terminal Wl‘tleéyg?eﬂ‘é’““dﬂﬂte@%éﬂb‘l e, US.

Patent No. 1 572aA4Kéad circuif swichsas ta'ansirm:qr deviseconpled hmtweeys a
circuit that senél rRALS3VNRANOL, . t NPhel@e¢hES ricleORE ciiuplgd ed lana 5 vol t or

a 3.3 volt pover i W'Oérél agh.g of G160 | " ROHEne Socl155d s cobflda detectof

whi ch drives co I.c CIrcui en a V[err]

of 5 volts or a $°3 th 5L cPhB§ Bense ampml"t"%?g&“ﬁ%‘h"er"&tﬁ‘?e 8768 provi di ng
t he proper vol tagmp DATAOUT represents theplpgiedevednenmespendingl 4ip 1999
13:51: 03 pagse - 6the data stored in the selected memory cell. Construc--

tion of the sense amp and reference cell are known and
well understood. As shown in Fig. 1, the load transistor
32 can be éhy.one of a number of known circuits. Typical
‘.circuits aré.Shown, but clearly any of a number of
20 sinmilar circﬁitS-may be used without deﬁarting from the
scope and sbirit of the invention.
In accordance with the present invention, the
.gating transistor 30 is an n-channel depletion-mode FET.
The source terminal of the depletion device is coupled to
25 the bit line 35 at node 33, the drain terminal is coupled
to the senég node 31, and ‘the control gate is coupled to
ground. '

In a second embodiment of the memory device of

the present invention, shown in Figs. 2A and 2B, the

30 memory celisfg;e.grouped eight bits at a time to form a
plurality bfﬁfbws'of byte-organized memory M, - M,. An
address which identifies a byte of memory is received by
a decoder 7DEWhich decodes the address and asserts the
corresponding row address line X and geﬁéfates a column

35 select signal Y. The column select signal serves as a
selector input to a multiplexer 72 to select the greoup of
columns M, -~ M, corresponding to the add;ess.
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-5- | evel . The conbinatorial logic is needed to ensure that

.onl’'y one power |evel is provided. - What is needed is a bit

| i ne cl anpi ng schene which is insensitive to power supply variations.
It is 5 al so desirous to have a cl anping schene which is sinple I n
desi gn and whi WR%¥##Sunes virtually no power. PCT/USS8(0815E hj s

di sclosure, the term"clanmp" and its -zderivative terns refer to a
schene for.limting a voltage potential to a maxi mumvalue, and is to
be di stingui shed 10 froma circuit which fixes a node at a certain

vol t age | evel or wi tBach af rthegeighit Wwitt bines eyiting the SUMVARY OF

THE | NVENTI ON multiplexer 72 fedtidintb o ideedtity yifu4itceoito accor dance
\émnzihré\?v andt Egl 5r sel E?gﬁ;kggg%%ﬁcégd% i%%dﬁa. aghg ,dgﬁ.g‘pfy%%q:,l The
menory device i n%@é‘% ngeﬁégaﬁﬂp‘{ﬁ%ég"éh§ﬂﬁ§nn§g?é%’% bR %t ate of a
sel ected memfry cegnse Amp o&Rj whiek gompares thgndetected| siangd- agridstr&nsi stor
connect ed i n ser i psfarenhbe 260 andaoumiumant_:lmlpcopeﬂ' imj,ofldvlee.sel ected nenory
c](callthoper?t et 4 to genqugghe_: \Agét&gigﬁtéﬂcuger;@%%@gﬁgat Podde data state
o} e selecte nor ell, S Lhput tQ e sense anp.
The depl etion- noggrﬂﬁéﬁgfgt%lr cf’{slgi;lerﬁi %ﬁ%&e’}; _b"‘ a%‘gvﬁnctépp%é:ol B%Qd circuit may

ei ther be a PMOS ®enAec@mpr s deplefiioprugsie dYPS ctransistor 43 is
10 coupled between the sense amp input and its corresponding

bit line. 'The control gate of the depletion device 43 is
coupled to ground potential. The elements of the
detection circuit, therefore, are arranged in the same
manner as illustrated in Fig. 1.

15 Qperation of the present invention will now be
discussed with reference to Figs. 1 and 3. The graph
shown in Fig. 3 is the transfer curve of a typical NMOS
depletion-node device. As with any FET, the device cuts
off when the gate-to-source voltage V., falls below V,.

20 An NMOS depietion device, however, is further character-
ized by having a negative threshold voltage (V,), as shown
in the figure.

' Refer now to Fig. 1 and consider first the
situation where a selected memory cell 112 is in the

25 erased state; In this case the memory cell is conductive
so that whén it is selected, node 33 of bit line 35 is
driven to ground. The voltage V. at node 33 is
substantigily equal to ground potenﬁial; The gate-to-
source paﬁéhtial Vg of the depletion dé&ice, therefore,

30 is approximately equal to zero volts an§ so the device is
conductive, see Fig. 3. The sense node 31, therefore, is
driven to ground potential. '

Consider next the situation where the selected
nemory cell 112 is in the programmed sﬁate. The selected

35 memory cell 112 is not conductive in tﬁis case, so that
the potential Vi, i at node 33 will beﬁin to rise as
charge accumulates at the node. sinceéthe control gate

Printed from Mimosa 04/14/1999 13:51:03 page =-9-



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a preferred

enbodi nent of the present invention. 30 Figs. 2A and 2B
depi cts a second enbodi nent of the present invention.

Fig. 3 is a typical transfer curve of an NMOS - depl eti on-node devi ce.
Figs. 4 - 8 each illustrate a prior art bit 35 cl anpi ngl_scherres.
Printed from WORS482©4/ 14/ 1999 13: 51 : 03 page - 7- PCT/USISNREF293/ 48426
PCT/ US98/ 08152 -~ - 6- BEST MODE OF
CARRYI NG OUT THE | NVENTI ON A nmenory device in accordance
wi th the present I nvention, such as the device shown in Fig. 1,

i ncl udes apf | thes deplrtionndevicecp? i akngropndspeesndede 55 assert- 5

ing a row and a gatesto-sehmst vbitmge ishergl=aions Wi, fheli.e. col um sel ect
transistors 20 age Ligfl {0 noglgpdse ¥nelll that the depletion device 30
is constructed to have a V, (see Fig. 3) of =-1.5 volts.

5 AS Vpjyjne COntinues to rise, it will eventually reach 1.5
volts. At that point the depletion device cuts off, thus
preventing further charge build-up at node 33 and
limiting the maximum potential at node 33 to 1.5 volts.
As mentioned above, this behavior is precisely the

10 desired effect needed to avoid read disturb errors.

since the control gate of the depletion device

is tied to ground, there is no power burning circuitry
needed for biésing the device. Moreover, the cutoff
threshold V, of the device is completely insensitive to

15 fluctuations in V_, so that the functionality of the bit
line clamp will not be affected by such fluctuations. In
addition, this scheme guarantees that Vi, i, Will not
exceed 1.5 volts, so that operation of the device will
not be affected by fluctuations in V.. A memory device -

20 constructed in accordance with the present invention,
therefore, will be readily adaptable to both high voltage
(5 volt) and low voltage (3.3 and 2.5 volt) systems with
no adverse ﬁffects on performance. Since the actual
maximum V., value is determined by the device geometry

25 and doping of-the'depletion device, it is an easy matter
to provide a bit line clamp having a certain voltage
threshold V, to limit V... to a given voltage level.

Printed from Mimosa 04/14/1999 13:51:03 page -10-



line 35. A gating transistor 30 has a first term nal coupl ed to node

33, a second term nal coupled to sense node 31, and a gate term na
coupl ed to ground potential. 10 A load circuit such as transistor 32 is
coupl ed betmeen sense node 31 and V[err]. The sense node is coupled
to an gut 62 of sense anp 60. A reference cell 50 is coupled

to input 61 dW W4%ense anp. The output_pof the sense  FCTURHBIBATAQUT
represents the logic | evel corresponding to 15 the data stored in the
sel ected nenory cell. Construc- tion of the sense anp and reference
cell are known and wel | under st oaxlaids shown in Fig. 1, the | oad

t ransi st or .32 can be any one of a nunber of known circuits. Typi cal

circuits are sholvm, Adﬂém&lty gg,%/cea% ﬁ;isain@unb of 20 simlar circuits

may be used wi t Hout “depar scope-and spirit of the

i nventi on. a%\ cﬁ?Fdﬁﬁ?%"’\ﬂFt fats defPE: Yfnvention, the
gating transistor 30 is aelectimeans, ceypnledi ba- smdemmy cell, fE¥e source
termnal of the tw@helh@razﬂaaaﬁss an@ofY ed1betdy a méMerybce1line 35 at

node 33, the dr Fég“‘fﬁ’lg kS :P%L?@%d addrel®; the sense node 31, and the

control gate is coup r In a second

enbodi nent of the menory HEPER ‘b‘%"“% and o present invention, shown in
Figs. 2A and 2B, the 30 a depietioncmpfe %ileédgFﬁt&Fé'th#WtBFt%aWGa tine to
forma 10 pl W dirby érminad afuplpbctorspdai sensanedveyit)| arsécondMerr] .

An addr essté&éimmlmle&l@& s%iay&aéaft HEQREH,Y ah& 4 &faklved by a
decoder 70 whic g ‘li ?dgo ess a1 asgerts correspondi ng
row address I|:ine efm g & g5rinth sel ect signal Y. The

col um sel ect signal serves as a selector input to a nultiplexer 72
to select the group of colums Merr] - Merr] corresponding to the
addr ess. 15 Printed from M nosa 04/14/1999 13:51: 03 page

- 8- 2. The memory device of claim 1 wherein said select

means includes a column select transistor having a first
terninal coupled to said second terminal of said
depletion-mode transistor, a second terminal coupled to

20 said memory cell, a gate terminal coupled to a column
select line.

25 3. The memory device of claim 2 wherein said depletion-
mode transistor is an NMOS device.

30 4. The memory device of claim 1 wherein salid sense
circuit further includes a second'input, the memory
device further'inéiuding a load circuit having a first
terminal coupled to said second input of said sense
circuit and a second term1na1 coupled to a power supply

35 rail.

-
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-7- Each of the eight bit lines exiting the

mui tipl exer 72 feeds into a-detection circuit 40 to detect the data
state of its corresponding nmenory cell. The out put of each detection
circuit 40 feeds into a 5 sense anp 60 which conpares the detected

si gnal agai nSYO®M8426 [ of erence 50 and_ @)ut puts the profSFUPBEHE | evel .
- Each detection circuit 40 includes a | oa transi stor 41 coupled
between V[err] and an input to the sense anp. A depletion-node NMOS
transistor 43 i §.10rhe mewory etbviboe wefoglaire 4s@heretmmsaidpldadand it s
correspondi Nng  gircui¥ lisl hRGennhiGesdit-holie M08 Qdvidacafi®adli on device 43

S cuit, SouPl edebPo@ Rt Yoabl dlor TD%PhaRE Gtk (e det ect i on

circuit, therefor are arrange manner as illustrated in
Fig. 1. 15 Operation of the present invention wll now be

di scussed wth reference to Figs. 1 and 3. The graph shown in Fi g 3
is the transfer curve of a typical NMOS depl eti on- node devi ce.

with any FET, the d@ft f\g %evice Op%&x%gnwhggeﬂgéglaoi urce vol tage

Vierr] falls beI et | on:devi owever, is
further charact& 1= F?e °ﬁ”éﬁﬂthg ﬁ@@gtﬁ ASCE glﬁﬂ vol t age
(Merr]), as shéﬂaleti°n‘mpﬂﬁtqﬂ§n$iﬂﬂﬁ% s an NMOS GEVice-- Refer nowto Fig. 1
and consides first the situation where a selected menory cell 112 is
in the 25 erased state. In this case the nenory:cell is conductive

so that when it is selected, node 33 of bit line 35 is

7. A non-volatile memory device comprising:
an array of floating gate memory cells arranged
15 in rows and columns; '
rov select means for selecting one of said rows
of memory cells; |
column select means for selecting one of said
columns of memory cells;

20 a circuit having a data node for providing a
data signal representative of the data stored in a
selected memory cell, said circuit further having a load
element and a depletion-mode transistor, said load
element coupled between a power supply terminal and said

25 data node, said depletion-mode transiﬁtoggcoupled between
said data node and a column of said memory cells via said
column select means, said depletion-mode transistor
having a gate coupled to a ground terminal. and

30 a data signal thereat.

35

Printed from Mimosa 04/14/1999 13:51:03 page -12-



drivén to ground. The voltage V[err] at node 33 is substantial ly

equal to ground potential. The gate-to- source potential V[err] of

t he depl etion device, therefore, 30 is approxi mately equal to zero volts
and so the device is conductive, see Fig. 3. The sense node 31,
therefore, is driven to ground potenti al. Consi der
next the situal?OW fflere the selected _.._ nenory cell FPEPUSSONR the
programmed state. The sel ected 35 nen&ﬁy cell 112 is not conductive in
this case, so that the potential V[err] at node 33 wll begin to rise
as char ge &ccuThg aewerwnidevhee nfdelaiii BCehébwinc 6aid @epgatton-

Printed from M masae OlaldhdO8O 1435 WimMo3 Qﬁg@e.Q- : WO 98/ 48426
PCT/ US98/ 08152 - 8- of the

depl eti on deV|ce 30 is at ground potential, its gate-to-source voltage
is: Verr] 0 - Verr]; i.e. V[err] = -V[err]. Suppose then that the

depl eti on de§| cel99 The megoxyd device tofdclainh aveherainesaid (ved Fig. 3) of

-1.5 volts. 5  Aledbpt ik 6DtHerNHEBMdSOabV i okl anViNMosCadfildeal | y reach 1.5
volts. At that point the depletion device cuts off, thus preventing
further charge build-up at node 33 and - limting the maxi mum potenti al
at node 33 to 1.5 volts. :

10 11l. The memory device of claim 7 wherein said columns of
memory cells are arranged as a plurality of groups of
columns, and said memory device further includes a
plurality of said circuits and a means for selecting one

. of said groups of columns and for coupling a selected

15 group of columns to said circuits.

12. The me@ory device of claim 11 wherein said load
20 element of gach of said circuits is either a PMOS device
or an NMOS device.

13. The memory device of claim 12 wherein said
25 depletion-mp@e transistor of each of said circuits is an
NMOS device.

30 14. A semiconductor memory comprising:
' at -least one column select line;
at least -one word select line;
at least e floating gate memory cell having a
first terminal, a sec :d'termlnal coupled to a ground

35 rail, and a gate coupled to said at 1east one word select
line; i :

Iy
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As nentioned above, this behavior is precisely the 10 desired effect

needed to avoid read disturb errors.

Since the control gate

of 't he depl etion device . ris tied to ground; there is no power burning
needed for bi-asing the device. Mreover, the cutoff

circuitry

threshold V[err]

fluctuations i

clanp will not be affected by such fl uct ué?l ons. In addi ti on,

of the device is conpl etely |nsen5|t|ve to 15

A%  so that the functignality of the BFF/USISABISZ | ne

schenme guarantees that V[err] will not exceed 1.5 volts, so
operation of the device wid:kcolumn selett trankistd:cthabynd laitivgt i ons in

Vierr]. A nenory (gyiiag 2G secGﬁH‘%‘é&Hfﬁﬁd cbﬁ PESE Mol gRES Mk the present

i nventi on,

this
that

her ef | bath_hi |
VST o ARRIERS 5 ol e G o R L g Yol 200

affects on perforﬂ?‘aﬁ@é“&%éﬂ-‘%‘ gelech 11"3'

maxi mum V[ err] value is

determ ned by the device gedﬁpleiyioZSmode a:trelndi;mmgha{vinma depstet i on devi ce,
it is an easy matge¥minal, a %ec&ﬁw\eeéﬁiﬁalblcbubléwt%' 88Ta BBy a certain

vol t age

thr

Printed fromM ms&%ghglllé a§§ 1‘%%{{1(%31 % H-TEFQSQOQI el X%Aéeqe

10

15

20

25

30

coupled to’ s groun rai

| evel .

q#;oad circuit having a first terminal coupled

to a power é@pply rail and a second terminal coupled to
said first;péiminal of said depletion-mode device; and

‘a’sense amp coupled to said first terminal of
said depléﬁéon-mode device.

15. The semiconductor memory of claim 14 wherein said
depletion—m‘de transistor is an NMOS device, said load
circuit isan enhancement-mode PMOS device, and a gate
terminal of: said PMOS device is coupled to said ground
rail. °

16. The semiconductor memory of claim 14 wherein said
depletion'hbde transistor is an NMOS device, said load
n enhancement-mode NMOS device, and a gate
terminal of:said NMOS device is coupled to said power
supply rail.

||!II|IJ,II|||J'III,!|“"!l“!ll'
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-9- C ai s 1. A nenory device
conpri si ng: at least one floating gate nmenory cell; 5

sel ect means, coupled to said nenory cell, for receiving an addr ess
and for selectingﬂa menory cel | corresponding to a received address; -
a sense circuit a depl eti on-node fi ePEI/EP§ABL2

transi stor having 10 a first termnal coupled to said sense circuit, a

second term nal coupled to said selecﬂggeans and a gate t erm nal
coupled to a ground rail. 15 menory device of claim1l
wherei n said sel ect means includes a colum sel ect transistor having
a first termn b coupl kd to Sald second qar d

depl et i on- node trah3| tor, ajsecond terninal ‘| said nenory
cell, a gate termm4l couptetl to colu

Zi =

l

o

62
~-33
35
EUJVG
RL“Mé
ROV FIG. 1
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25 3. The menory device of claim2 wherein said depletion- node

transistor is an NMOS devi ce. 30 4. The nmenory device of claim1
wherein said sense circuit further includes a second input, the
menory device further including a load circuit having a first

term nal coupled to said second input of said sense circuit and a
second ter nmi naVO&¥f#Sed to a power supply 35 rail . PCT/US98/08152

Printed from M nosa 04/ 14/ 1999, 13:51:03 page -11- WO 98/ 48426
PCT/ US98/ 08152 -10- 5. The nenory
device of claim4 wherein said | oad gtllq cuit is an enhancenent - node

PMOS devi ce and said

- - 50
40 .
) 60
H> L » )
- 50
i 60 DATA
| ®» > OUT

! l 7)2
Y —— \
ADDR | 8} 8] 8l
' /‘"\\ /"”".\ 1‘T-\T
- ZIZ JiHEE2B
x : s o0
M, M, M,

FIG. 2A

Printed from Mimosa 04/14/1999 13:51:03 page -16-



depl etion-node transistor is an NMOS devi ce. 5 6. The nenory
device of claim4 wherein said | oad circuit is an enhancenent - node
NMOS devi ce and said depl et i on- node tranS|stor is an NMOS device. 10
7. A non-volatile menory device conprising: an array of
floating gate nenory cells arranged 15 in rows and col umms;

row sel ect nmeaW®%8426se| ecti ng one of said rows . of nmsgmswl | s;
colum sel ect neans for selecting one of said ‘colums of nenory
cells; 20 a circuit having adgz a node for providing a

data signal representative of the data st in a sel ected nmenory
cell, said circuit further having a | oad el enent and a depl eti on- node
transi stor, said | oad - el enent coupled between a power supply term nal
and said 25 data node, said depletLeﬁ'ﬂnde»ﬁranS|stor coupl ed bet ween
sai d data node and a col um of sai g-frenofly cel Iis* "V a said col um

sel ect neans, said depletion-nod i “having a gate coupled to
a ground termnal; and _bupled to said data
node to sense 30 a data sign 1. The nmenory device
of claim?7 wherein said colum {3 ‘many-t o- one

mul ti pl exer having inputs of menory cells and
an out put coupl ed to sai X or .

depl eti on

v, 0 Vs )
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Printed from M nosa 04/14/1999 13:51: 03 page -12- WD 98/ 48426

PCT/ US98/ 08152 -11- 9. The nenory
device of claim8 wherein said depletion- mode transistor is an NMOS
devi ce. - 5 10. The nenory device of claim9 wherein said | oad
element is either a PMOS device or an NMOS devi ce. 10 11. The
menmory devi ce WP 4846 m 7 wherein said col ums of - rEPEIUSIENSISES are
arranged as a plurality of groups of colums, and said nenory device
further includes a plurality of said gircuits and a neans for
sel ecting one of said groups of col and for coupling a sel ected
15 group of colums to said circuits.
- - /-150
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132 2z ||
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12. the nenory device of claim 11 wherein said | oad 20 el ement of each

of said circuits is either a PMOS devi ce or an NMOS devi ce.

13." The nenory device of claim 12 wherein said 25 depl et i on- node

transi stor of each of said circuits is an NMOS devi ce. 30 14.
A seni conduct or menory conpri sing: at | east one colum

sel ect |ine; WO98/48426 at | east one word 'select | i nkCT/USIBASIS2

at | east one floating gate nmenory cell having a first termnal, a
second term nal coupled to a ground 35 éf%l’ and a gate coupled to said
at | east one word sel ect l'i ne; Printed from

M nosa 04/14/1999.13_3L.03 page-=13=—aa—q
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-12-. a colum select transistor having a first

termnal, a second term nal coupled to said first term nal of said

nennry ceII and a gate coupled to said at | east one colum sel ect

line, 5 ~a depletion-node transistor having a first
“termnal, a s¥™OPBU4&rninal coupled to said first t BERNSISWBIBf sai d

colum sel ect transistor, and a gate coupled to said ground rail;

a load circuit having a first termnal co b?d 10 to a power supply rai

and a second term nal coupled to irst termnal of said

depl eti on- node devi ce; and : a sense anp coupled to said

first termnal of [777sai'd deyl el on-nmede) device. 15 15. The

sem conduct or nenoryt of claim

erein sare depl et i on- node

transistor is an N deyt ad { Sircuit is an '
enhancement - rode PMJS deyi ¢ a 404 20: 1306r i nal of said PMOS devi ce
is.coupled to sat _ ' 16. The sem conduct or
menory of claim ggleilon node transistor is an NMOS
device, said load ! angenent - node NMOS device, and a
gate term nal pf e |s:cqup+ed-ba §82d power
: 4o L)
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supply rail. 30 |Pos eory.
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54 Tltle A MEMORY DEVICE HAVING A POWER SUPPLY-INDEPENDENT POWE! CONSUMPTION BIT LINE
VOLTAGE CLAMP /

(57) Abstract

n 1
The present invention relatr.stoabn line clamping
scheme for non-volatile memaries (10). The bit line (35) E =
voltage is maintained at a desired voltage level z0 as to avoid
read disturb effects, while being independent of power supply .
Ve

variations and -consuming virtually no power. The invention
makes practical memory devices which are designed for both
high voltage (S volt) operation and low voltage (3.3 and 2.5
volt) operation.
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