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Description 

A MEMORY DEVICE HAVING A POWER SUPPL~-INDEPENDENT 
LOW POWER CONSUMPTION BIT LINE VOLTAGE CLAMP 

TECHNICAL FIELD 
The present invention generally relates to non­

volatile memories (e.q. EPROM, E2PROM, FriAsH), and more 
specifically to a voltage clamping circu;t for the bit 

10 line. 

BACKGROUND ART 

Non-volatile memory devices, such as EPROM, 
E2PROM, and FLASH, employ floating qate transistors as the 

15 memory storage elements. Figure 4 shows a generic 
representatiQn of a typical prior art memory device 100 
consistinq of an array of memory cells 110, addressed by 

row and column select lines, ROW1 - ROWn, coL1 - cor.... A 
sense amplifier 160 detects the data state of a selected 

20 memory cell by comparinq the detected data signal at 
sense node 131 aqainst a reference siqnal provided by a 
reference cell 150. A first input 161 to the sense amp 
receives the reference siqnal 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 throuqh a 

combination of a load 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 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 assertinq a row 
and a column select line. A selected memory cell that is 
un-programmed will be conductive, with the result that 

35 sense node 131 will ?e driven to ground, causing the 
sense amp 160 to generate a first siqnal. Conversely, a 
selected memory cell that is proqrammed will be non­
conducti ve, with the result that a charge build-up will 
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occur at sense node 131, resulting in a voltage potential 
that is detected by the sense amp to produce a second 
output siqnal. 

Numerous schemes for the load circuit 132 and 
s bias circuit 130 are known. Figure 5, for example, 

illustrates an example of load and detection circuitry as 
disclosed in u.s. Paten~ No. 4,799,195. The load circuit 
132' is shOWJl consisting of an N-channel MOS transistor 
(HMOS) 202, having a drain and gate coupled to Vee and a 

10 source coupled 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 Vee 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 siqnal 
from the selected memory cell 110' sensed at detection 

20 node 133. ~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'. Load 

25 circuit 132a' comprises an NMOS device having a drai-n and 
gate coupled· to Vee and a source coupled to the sense node 
131. Alternatively, load circuit 132b' comprises a P­
channel (PMOS) device havinq a source coupled to Vee' a 
gate coupled to qround, and a drain coupled to sense node 

30 131. Load circuit 132c' comprises a PMOS device wherein 
Vee is coupled to a source and substrate thereof and the 
gate and dr~in are coupled to sense node 131. The 
detection circuit 130' consists of an NMOS transistor 310 
havinq 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 
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voltage.supplied by~ bias circuit consisting of 

transistor chain 314, 316, and 318. 

U.S. Patent No. s,.197,028 discloses load and 

detection circtlitry 132', 130' as illus~rated in Fiq. 7. 

5 The detect!ori circuit 130' includes·chip enable .tran­

sistors 4021. 40_4. Transistor pairs 406a 1 406b and 408a, 

408b each c1;>J!i.prise an inverter. A gating transistor 412 

is connect•(l ·_between detection node· 133 and sense node 

131. The imrerter inputs are cou,pled·to the detection 

10 node. The. output of inverter 406a, 406b is coupled to 

the gate of•'NMQS transistor 410, and the output of 

inverter 4·osa, 408b is coupled to the gate of qatinq 

transistor 4:j;·2:. A PMO~ load transistor 414 receives Vee 

at its sour~e and is coupled to sense node 131 at its 
. . 

15 drain and qate. 
ti.s. Patent No. 5,559, 737, as shown in Fiq. s, 

discloses a detection circuit 130' havinq an NMOS bit 

line chargi.r1CJ transistor 502 coupled between Vee and 

detection .. node 13 3. An NMOS gating transistor 504 is 

2 o cou~led bet;w~e.n the detection node and sense node 131. 

Both transis~ors are biased by a circuit, shown 

qenerical~y .as. bias circuit 506. The load circuit 132' 

consists of a PMOS transistor 508. 

The floatinq gate of non-volatile memories are 

25 susceptibl,e 1:;.o a condition known as "read disturb" or 

soft write error, durinq lenqthy read periods. Referrinq 

back to the generic diaqram of Fiq. 4, suppose that 

memory cet1:i12 has been selected, meaning that the ROW1 

select line is asserted with s volts and coi... is asserted 

30 with 5 vo1ts. If the ·potential Vbftline at detection node 

133 rises ai;:>ove a certain level, the floating gate of 

memory cell 112 is likely to be subjected to soft write 

errors ("re".ld disturb" effect). Althouqh this potential 

is dependen·t· on device technoloqy and the specific 

35 structure of the memory cell, it is typically in the 

ranqe of 1~2 volts to _l.8 volts with 1.5 volts beinq a 

commonly used value. Thus, it is desirable to maintain 
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Vbftline at or -below 1.5 volts j.n order to prevent or at 
least minilllize read disturb-effects. 

A · qatinq transistor coupled_· b~tween the 
detection node and th~ sense·node, sµCll: as those 

5 exemplified. in the prior art shown-·l':1:4~i. ::4 :·a, should be 
such that vbltline is limited to a i!laxim#,~ .yoltaqe of 1. 5 
volts. The voltaqe at nOde 133 ~~ Yref ;.;.._-:vt~ where Vref is 
the biasinq·voltaqe appli!!ld to the corl~r~l·q~te of the 
qatinq tran.sistor (e.q. transistor 504 i~ Fi~. 8) and Vt 

10 is its threshold voltage. Typically Vt is 0.7 - 1.0 volt, 
so that 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 shortcominq!'l: they always burn power; and, since Vref is 
usually de.rived from Vee in some way, the prior art 
schemes arequite sensitive to variations in Vee thus 
adversely af~ectinq their ability to maintain Vref at the 
proper potential, e.q. 2.2 - 2.5 volts. 

20 Complicating the situation is the increasing 
usage of 5.volt, 3.3, and 2.s volt systems, requirinq 
these non-volatile memory devices to operate under mul­
tiple power supply environments. Pract~cally speaking, 
memory dev,ices will be exposed to power supplies that can 

25 vary anywhere between 2.5 volts and 6.0 volts. Whil-e it 
is a relat~vely ·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-ly and effectively provide a steady v ref source 

30 that can b~ 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 circ:uitry_requires a 3.3/5 

35 volt detector which drives combinatorial loq.ic circuitry 
to select between a Vee of 5 volts or. a 3.3 volt reference 
voltage generator, thus providing the proper voltaqe 
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level. The combinatorial logic is needed to ensure that 
only one pow~r level is prov-ided. 

What is needed is a bit 1~in~_ ~lamping scheme 
which is insensitive to -power s\;lpply var:iat:i.ons. It is 

s also desirou.:s to have a cl~ping sdi~~-<which is simple 
in design ~nd which consumes virt~tl~'.n:O power. 

In this disclosure, the terlll ,-"~lamp" and its 

derivative t:erms refer to a scheme fo~- l,.imiting a voltage 

potential to a maximum value, and is t()·be:distinquished 
10 from a circuit which fixes -a node at a: ·certain vol ta9e 

l·evel or within a range of vol taqe levels. 

SUMMARY OFT.BE 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. m~mory device includes a sense amp for sensing 
the data state of a selected memory cell. A load circuit 
and a deple~ion-mode tran&!istor connected in series with 

20 a column select line of the selected memory cell operate 
to generate_a potential correspondinq to the data state 
of the selected memory cell, which in turn is input to 
the sense a,mp. The depletion-mode transistor is an NMOS 
device. The load circuit may either be a PMOS device or 

25 an NMOS device. 

30 

BRIEF DES~IPTION OF THE DRAWINGS 

Fiq. 1 shows a preferred embodiment of the 
present invention. 

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

Flq. 3 is a typical transfer curve of an NMOS 
depletion-mode device. 

Fiqs. 4 - B each illustrate a prior art bit 

35 clampinq schemes. 
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BEST MODE OF CARRYING OUT THE INVENTION · 
A memory device irr acc::ordanc.e \r!ith the present 

. : . . . . . 
invention, such as the device show in· Fig~ l, includes 
at least one memozy cell 10 which is ~~i~'*ed by_assert-

5 inq a row and ·a column select line. · Th~::drains of the 
column sele~t transistors 20 are tied ,t~;·ric)de 33 of bit 
line 35. A.q~tinq transistor 30 has a tifst terminal 
coupled to node 33, a second terminal coup~ed to sense 
node 31, and a qate terminal coupled to.(Jr(,und potential. 

10 A load circuit such as transistor 32 is,9oupled between 
sense node 31 and Vee• The sense node is coupled to an 
input 62 of·sense amp 60. A reference cell 50 is coupled 

·, ·' 

to input 61 of the sense amp. '!'he output of the sense 
amp DATAOU~ r~presents the loqic level corresponding to 

15 the data stor~d in the selected memory cell. construc­
tion of the· sense amp and reference ce11 ·· are known and 
well understood. As shown in Fig. l,·the·load transistor 
32 can be any one of a number of known circuits. Typical 
circuits ar4!·shown, but clearly any of a number of 

20 similar cir9uitsmay be used without departing from the 
scope and spirit of the invention. 

In accordance with the present invention, the 
gating transistor 30 is an n-channel depletion-mode FET. 
'!'he source ·te.rminal of the depletion device is coupled to 

25 the bit line 35 at node 33, the drain terminal is coupled 
to the sense node 31, and'the control gate is coupled to 
qround. 

In a second ~odiment of the memory device of 
the presen~_invention, shown in Figs~ 2A and 2B, the 

30 memory cell~.!lre grouped eiqht bits at a time to form a 
plurality o:f ·rows of byte-organized memory M1 - M,,· An 

address which -identifies a byte of memory is received by 

35 

: . '. 

a decoder 70 ··which decodes the address and asserts the .. '· . .·· 

corresponding row 
select siqnal Y. 
selector i~put to 

address line X and qenerates a column 
The column seleQt sigpal. serves as a 
a multiplexer 72 to se:J.~ct the qroup of 

columns M1 - Kn correspondinq to the add~ess. 
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Each of the eiqht bit lines exitinq the 
nultiplexer 72 feeds into a-detection circuit 40 to 
detect the data state.of its correspond.inq memory cell. 

. . ;: . 

The output of each detection circuit 40 :feeds into a 
5 sense amp _60 which compares the detected siqnal against a 

reference 50 and outputs the proper loqic level. 
Each detection circuit 40 includes a load 

.. ~- '' 

transistor 41 coupled between vr:c and an; input to the 

sense amp. A depletion-mode NMOS trani;;istor 43 is 
10 coupled between the sense amp input and its correspondinq 

bit line. ·The control qate of the depl~tion device 43 is 
coupled to ground potential. The elements of the 
detection c;:ircuit, therefore, are arranqe~ in the same 
manner as illustrated in Fig. l. 

15 Operation 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-Diode device. As with any FET, the device cuts 
off when t)ie gate-to-source voltaqe Vas falls below Vt. 

20 An NMOS depletion device, however, is further character­
ized by having a neqative threshold voltage (Vt), as shown 
in the figure. 

Refer now to Fiq. 1 and consider first the 
situation Where a selected memory cell 112 is in· the 

25 erased st.ate. In this case the memory cell is conductive 
so that when it is selected, node 33 of bit line 35 is 

driven to qround. The voltaqe Vbitline at node 33 is 
substantially equal to qround potential.. The qate-to­
source potential Vas of the depletion device, therefore, 

30 is approxima~ely equal to zero volts an~ so the device is 
conductive1 see Fiq. 3. The sense node31, therefore, is 
driven to ground potential. 

Consider next the situation where the selected 
memory cell 112 is in the programmed state. The selected 

35 memory cell 112 is not conductive in this case, so that 

the potential Vbftline at node 33 will be~in to rise as 
charqe accumulates at the node. Since .:the control gate 

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



W098/48426 PCT/US98/08152 

-a-

of the depletion device 30 is at qround potential, its 

gate-to-source voltaqe is: V-as = O - VbitUne; i.e. 

VGS = -vbttune• Suppose then that the depletion device 30 

is constructed to have a Vt (see Fig. 3) of -1.5 volts. 

5 As Vbitline continues to rise, it will eventually reach 1. 5 

volts. At that point the depletion device cuts off, thus 

preventinq further charge build-up at node 33 and 

limitinq 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 qate of the depletion device 

is tied to ground, there is no power burninq circuitry 

needed for b.i_asinq the device. Moreover, the cutoff 

threshold Vt of the device is completely insensitive to 

i5 fluctuations in Vee' so that the functionality of the bit 

line clamp will not be affected by such fluctuations. In 

addition, this scheme guarantees that Vbitltne will not 

exceed 1.5 volts, so that operation of the device will 

not be affe~ted by fluctuations in v=. A memory device-

20 constructed in accordance with the present invention, 

therefore, W:ill be readily adaptable to both hiqh voltaqe 

(5 volt) and low voltaqe (3.3 and 2.5 volt) systems with 

no adverse affects on performance. since the actual 

maximum VbttUne value is determined by the device qeometry 

25 and doping of the depletion device, it is an easy matter 

to provide a bit line clamp having a certain voltage 

threshold Vt to limit Vbitline to a given voltaqe level. 

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



---·-·----··---···- -·-

W098/48426 PCT/US98/08152 
-9-

Claims 

1. A memory device comprisinq: 
at leas~ one floatinq gate mem.~J;y cell; 

s select means, c~upled to said:'.1apory cell, for 
receiving an address and for selecting a·'1emory cell 
corresponding to a received address1 

a sense circuitr and 
a depletion-mode field effec~· :~:ansistor havinq 

10 a first terminal coupled to said sensE!I' c~J:cuit, a second 
tc!,rminal coupled to said select means,·.· :8:1)4 a qate 
terminal coupled to a qround rail. 

15 
2. The memory device of claim 1 wherein said select 
means includ~s a column select transistor having a first 
terminal coupled to said second terminal of said 
depletion-mod~ 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 said sense 
circuit fUrther ·iJJ.c;:ludes a second input, the memory 
device furth,er.inc~u,ding a load circuit having a first 

. ·: .: . 

terminal coupled to. ;~~~d s~c0nd ,}nput of said sense 
circuit and a secondter)Dinalcoupled to a power supply 

35 rail. 

.. .-; .. _,.::.· 

; · l lllllll llllll lllll lllll II llll ' 
·•. •·.: C L. .. II . , S.· ·. ·. *' .·. 

Printed from Mimosa 04/14/19?? 13:51:03 page -11-



5 

10 

WO 98/48426 PCT/US98/08152 
-10-

5. The memory device of claim 4 wherein said load 
- . . 

circuit is an enhancement-mOde PMOS devi(ie and said 
depletion-mOde transistor is-an NMOS device • 

.. ,:-, .. 

6. The memory device of claim 4 whereinYsaid load 
. ; j . ·:~; : .. 

circuit is an enhancement-l1lode NMOS ~~y-~C.,· and said 
depletion-mode transistor· is an NMos·ci~'V~~-

7. A non-volatile memory device comprisipg: 
an array of floatinq qate memory cells arranqed 

15 in rows and columns; 
row select means for selecting one of said rows 

of memory cells1 
column select means for selecting one of said 

colUJDns of l1lemory cells; 
20 a circuit having a data node for providing a 

data signal ~epresentative 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 transisto~\-coupled between 
said data node and a column of said memory cells via said 
column select means, said depletion-mode transistor 
having a qate coupled to a ground terminal; and 

a sense amp coupled to said da:i;.a node to sense 
30 a data signal thereat. 

s. The memory device of claim 7 wherein said column 
3 5 select means is a many-to-one mul tiplexe¥:fhaving inputs 

coupled to said columns of memoey celll!S' ;ahC:l an output 
. : . :,·.·· 

coupled to said depletion-mode transis~c;>:f:~-· 

11111111 111111111111111111 lllF · 
'*'.:. '.·'C.· · .. L'., .M S . ,. '*·.·· . 
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9. The memo:i:y device of claim B wherein said depletion­
mode transistor is an NMOS device. 

5 10. The memory device of claim 9 wherein said load 
element is either a PMOS device or an NMOS device. 

10 11. The memqry device of claim 7 wherein said columns of 
memory cells are arranged as a plurality of groups of 
columns, an~ 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 memory device of claim 11 wherein said load 
20 element of each of said circuits is either a PMOS device 

or an NMOS 4evice. 

13. The memory device of claim 12 wherein said 
25 depletion-mo~e transistor of each of said circuits is an 

NMOS device. 

30 14. A semiconductor memory comprisinq: 
a:t lea,st one column select line7 
a~;;1east,,,one word select line; 
at;lea$~ 0ne floatinq qate memory cell having a 

first ,termi~~i,,asebtinci t~rminal coupled to a ground 
35 rail, and a·q~te ,qbtipied to said at leu1st one word select 

line; 

. . . .. . . . . . ~ .. ' .· .. 

' l lllJlll IJllJI 11111 11111 If 1111:' > 
, * , C L , M S '', * ,' 
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a:column select transistor having a first 
terminal, ~·:~second t~rminal ..:..coupled to said first 
terminal of: .-!s'ai~ memory cell, and a qat~ coupled to said 
at least one column sel.ect line: 

5 a .:depletion-mode transistor having a first 
terminal, a'_second terminal coupled to •aid first 
terminal of<,:said column select transistor, and a qate 
coupled to:said ground rail; 

a,)oad circuit having a first terminal coupled 
10 to a power #~~ply rail and a second terminal coupled to 

said first : .. 't:~#ininal of said depletion-mode device; and 

15 

a ::s.nse amp coupled to said first terminal of 
said deple~ion-mode device. 

15. The s~iconductor memory of claim 14 wherein said 
depletion~mq~e transistor is an NMOS device, said load 
circuit is"~'*' ~nhancement-mode PMOS device, and a gate 

20 terminal of'·.'said PMOS device is coupled to said qround 
rail. · 

25 16. The s~iconductor memory of claim 14 wherein said 
depletion . .;;.in~de transistor is an NMOS device, said load 
circuit 11;:·_;·~~ enhancement-mode NMOS device, and a qate 
terminal o~"-, said NMOS device is coupled to said power 
supply rail~ 

30 

·1111111n111111111 ·~11 l111I · · 
*:· c· ·. L· . M · S .- · .. * . 
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