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SI NGLE BI TLI NE BACKGROUND OF THE I NVENTION 1. Fighe Lpfz,qrg
the I nvention This invention relates generally to static nenory
devices and, nore particularly, to a four device static random access
menory device having a single bitline.

FOUR DEVICE SRAM CELL
WITH SINGLE BITLINE

BACKGROUND OF THE INVENTION
1. Field of the Invention
| This invention relates generally to static memory devices
and, more particularly, toa four device static random access

memory device havi.ng a si.ngle bitline.

2.

Various configurations of static random access memory

i (SRAM) memory cells have been designed/developed to reduce
silicon area by eliminating devices where smaller array size
is needed. FIG. 1 illustrates a basic six transistor full
CMOS SRAM cell 10, as is known in the art. Data is stored in
the cell 10 as voltage levels with the two sides of a bistable
transistor flip-flop (i.e., latch) in opposite voltage
configurations. For example, node A is high and node B is low
in one state; whereas, node A is low and node B is high in the
opposite state resulting in two stable states (i.e.,
bistable). '

... One approach taken to reduce the basic six ‘transistor
full CMOS cell is shown in FIG. 2. FIG. 2 shows a single-~
ended five transistor static CMOS cell 20. The five
transistor CMOS cell 20 contains one less transistor and one
less bitline per cell than the more common six transistor



2." Di séussion of the Related Art Various configurations of static
random access nenory (SRAM nenory cells have been desi gned/ devel oped to
reduce silicon area by elimnating devices where smaller array size is
needed. FIG 1 illustrates a basic six transistor full CMOS SRAM cell 10,
as is knowmn in the art. Data is stored in the cell 10 as voltage |evels
with the two sides of a bistable transior flip-flop (i.e., latch) in
opposite voltage configurations. For exanple, node A is high and node B is
low in one state; whereas, node Ais |ow and node B is high in the opposite
state resulting in two stable states (i.e., bistable). One approach
taken to reduce the basic six transistor full CMOS cell is showm in FIG 2.
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separating the cell from the bitline (i.e., the transfer
transistor) operates in a source follower mode, thereby
limiting the voltage transferred from the bitline to the
cell's internal node B. With the charge transfer from the .
bitline alone, it is difficult to overwrite a prev:.ously'
written ~0' in the cell to a “1t.

Andther approach taken to reduce the basic six transistor
CMOS cell is shown in FIG:. 3. FIG. 3 illustrates a four
transistor static cell 30 with resistor load pull-up devices
RO,R1, further referred to as an R-load SRAM cell. This cell
configuration reduces the cell size of the more common six
device SRAM by two transistors. However, the resulting cell
30 has higher current- 1eakage when not being accessed (i.e.,
in a standby mode) than the six transistor full CMOS SRAM
" cell, since a small amount of current always flows through the
resistors RO,R1. For any of the two given stable states
within the cell 30, oné resistor functions to pull-up and
offset the charge leakage of the drains of the storage and
transfer transistors while the other resistor functions as a
load to limit the current to the low (T0') node.

Continuing with the above evolution in cell device
reduction, the next logical reduction would be to reduce the
number of transistors to three, one less than the R-load SRAM
cell 30 previously discussed. FIG. 4 shows one such cell
configuration in which three transistors Q4,Q5,0Q06 are used to
create a single ended three device R-load cell 40. The single



2t cell. In the five transistor conf iguration, witing a 1' into the
cell 20 is difficult because the transistor T5 separating the cell fromthe
bitline (i.e., the transfer transistor) operates in a source follower node,
thereby Iimting the voltage transferred fromthe bitline to the cell's
internal node B. Wth the charge transfer fromthe bitline alone, it is
difficult to overwite a previously wiXten '0" in the cell to a '1'.

Anot her approach taken to reduce the basic six transistor CMOS cell is
shown in FIG 3. FIG 3 illustrates a four transistor static cell 30 with
resistor |oad pull-up devices

ended three device R-load cell 40 configuration shares the
same concerns common to the five device CMOS SRAM cell 20
discussed earlier. In addition: to writixig a ~1', the cell
configuration 40 of FIG. 4 also has difficulty in writing a
“0' reliably, if at all. The passive resistors RO,R1 of the
three device R-load cell 40 must be very high, in the range of
10 to 100 G ohms, to keep a standby power dissipation as low
as possible. Therefore, the recovery time of these resistors
is far too slow to. adequately pull-up and[or maintain stable_
high levels wi.thm the cell 40.

It is thus desirable to provide a smaller SRAM cell with
a minimum impact on performance. ' -



RO R1, *further referred to as an R-l1oad SRAM cell. This cell configuration
reduces the cell size of the nore conmon six device SPAM by two

transi stors. However, the resulting cell 30 has higher current |eakage when
not being accessed (i.e., in a standby node) than the six transistor full
CMOS SRAM cel I, since a small anobunt of current always flows through the
resistors RO, Rl.For any of the two gi 6‘_en stable states within the cell

30, one resistor functions to pull-up and of fset the charge | eakage of the
drains of the storage and transfer transistors while the other resistor
functions as a load to limt the current to the low (- '0") node.

Continuing with the above evolution in cell device reduction, the next

| ogi cal reduction woul d be tSUMMABRY cOF hTHE IMEENTION ansi stors to three,
one less than the R 1oad SEAM cell 30 previously discussed. FIG 4 shows
one such cell configuration in which three transistors 4,6, Q6 are used to
create a singl &teAScan: pheckepfcEha Pragent| inventior &9 pyercome the

problems in the art as discussed above.

In accordance with the present invention, a memory cell.
. includes a static inverter havixig an input connected to a
storage node. An impedance connects the Storagg node to a
voltage supply. A first transistor, having an input connected
‘to an output of the static inverter, connects the storage node
to a write line. ILastly, a second transistor, responsive to
a wordline access signal, connects: the storage node to a
single data bitline. The memory cell further includes a
single ended four transistor CMOS SRAM cell.

In further accordance with the present invention, a
memory array incliides a plurality of memory cells arranged to
form a matrix of rows and cbiumns, each memory cell including
a single ended four transistor CMOS SRAM cell in accordance
with the present invention.
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3 -ended three device R load cell 40 configuration shares the sane
concerns common to the five device CMOS SRAM cel |l 20 discussed earlier. In
addition; to witing a '1', the cell configuration 40 of FIG 4 also has
difficulty in witing a '0" reliably, if at all. The passive resistors

RO Rl of the three device R load cell 40 nust be very high, in the range of
10 to 100 G ohns, to keep a standby powBr dissipation as |ow as possible.
Therefore, the recovery tine of these resistors is far too slowto
adequately pull-up and/or maintain stable high |evels within the cell 40.
It is thus desirable to provide a smaller SRAM cell with a m ni num i npact
on performance. -

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other teachings and advantages of the
present invention will become more apparent upon a detailed
description of the best mode for carrying out the invention as
rendefed below. In the description to follow, reference will
be made to the accompanying drawings, where like reference
numerals are used to identify like parts in the various views
and in which: '

FIG. 1 illustrates a common six transistor full CMOS skAM
cell; ' :

FIG. 2 illustrates a single ended five transistor CMOS
SRAM cell; i

FIG. 3 illustrates a four transistor R-load CMOS SRAM
cell;

FIG. 4 illustrates a three transistor R-load CMOS SRAM
cell;

FIG. 5 illustrates a single ended four transistor CMOS
SRAM cell in accordance with the present invention;

FIG. 6 illustrates a voltage vs. time characteristic for
a write ~1' operation of the single ended four transistor CMOS
SRAM cell in accordance with the present invention;



REPLACEMENT SHEET : -4-

SUWWARY OF THE | NVENTI ON It is an object of the present invention
to overcone the problens in the art as di scussed above.: In
accordance with a first aspect of the invention there is provided a nenory
cell conprising: a static inverter having an input connected to a
st orage node; an i npedance for ®onnecting the storage node to a
vol t age supply; a first transistor having an input connected to an
output of said static inverter, said first transistor further for
connecting the storage node to wite line; and a second transistor
responsive to a wordline access signal for connectin the storage node to a
.single data bi¥¥¢ne? Whiperratas ar veittageasortime terdahighoforul se
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signal a ec n .accordance with a second
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a static inverter havi ng an i nput connected to a storage node; an

i npedance for n t'fﬂ L r to. a olt Y a
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inverter,a write “1', read “1', write “0', read "1' sequence in the
operation of the single ended four transistor CMOS SRAM cell
in accordance with the present invention; and

FIG. 9 illustrates a memory array having a plirality of
memory cells arranged to form a matrix of rpws_andfcplumns, _
each memory cell including a single ended four transistor CMOS
SRAM cell in accordance with the present inventioni; -



said first transistor further for connecting the storage node to a wite
l'ine; and a second transistor responsive to a wordline access
signal for connecting the storage node to a single data bitline, wherein
said static inverter includes a third transistor serially connected with a
fourth transistor between the voltage supply and ground, wherein a
respective base of the third and fourth?transistors are connected and form
the input of said static inverter, said static inverter further having a
conpl ement ary storage node internediate the serially connected third and
fourth transistors; and the wite line for receiving a one-shot
pul se signal generated off of a rising edge of a logical AND of .a ' WRI TE
ENABLE' si gnal aMmmmcmom&rgmrmnn EMBODIMENTOr dance with

a third aspect of the invention Pe?ﬁnlfw)é d a nenory array having a
plurality of nmenory cells arranged forma matrix of rows and col ums,
each nenory cell conprising: a static inverter having an input
ctorage node | S uKEH ROV ke FTc. 5, %8 LIGJRNGRAAY CAlvCCrusibbe
i nput confiBAMe FYQSaF g‘P agrardance cvikhethe pregent | j-EYePFgﬁé‘l st or

further feéntaimesiony lé@s StPaRgEstor ctlian NE incdre | éonventional five
- 4a transistor device single ended CMOS SRAM cell 20 as shown and
discussed herein above with. reference to ‘FIG. 2. 'In the
single ended four transistor: SRHM "CMOS cell 50 in accordancer'
with the present invention, one of two PFET load devices haS'
been replaced with a polysilicon load resistor RO to reduce_
the cell size further. Furthermore, ‘a reliable write access'
_ into the cell 50 is provided by the. addition of a WRITEBUMP"
" port 52 into each cell 50 within an SRAM cell memory array.
A “WRITEBUMP' signal includes a one-shot pulse, generated
off a rising edge of the logical AND of a “WRITE ENABLE'
signal and a decoded “WORDLINE' signal. That is, for every
row of cells sharing a common.'wordline 54, there is a
corresponding “WRITEBUMP'® pulse generated from its respective
wordline and write enable. When a row of cells along a given
wordline are designated to be written, the internal cell nodes
TA' and “B' are effectively initialized to . within a threshold
voltage (Vt) of each other. FIG. 6 shows an internal node
equalization process during a write “1' operation. With a “0!
previously stored in the cell 50, the onset of the “WRITEBUMP'
pulse operates transistor T2 in a source follower mode pulling
up cell node “B'. As cell node “B' begins to pull np, cell
node “A' begins to pull down with the activation of transistor
Tl. Cell node “B' continues to pull up to approximately one-



a’ second transistor responsive to a wordline access signal for connecting
the storage node to a single data bitline, wherein the wite line for
receiving a one-shot pul se signal generated off of a rising edge of a
| ogical AND of a 'WRI TE ENABLE' signal and a decoded ' WORDLI NE' si gnal
In accordance with a further aspect of the invention there is provided a
menory array having a plurality of nenn@y cells arranged to forma matrix

of rows and col umms, each nmenory cell conpri sing: a static inverter
havi ng an input connected.to a storage node; an i npedance for
connecting the storage node to a vol tage supply; a first transistor-

havi ng an i nput connected to an output of said _static inverter, .said first
‘transi st dralfythe SURRLE sfald@ageayg Whides cstagodeder t Loptinyes G euldng

a second ddalsi Lmp HIFONSHY e two a itictinale A6aess AjBnatof aritdnimed i ng
t he storage node to a_single data bitline, wherein said static inverter

i ncl udes thueshend reeltags: (V&) of PaShREPEEd with a fourth transi stor

bet ween the vol tage supply and ground, wherein a respective base of the
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While the cell 50 remains:isolated, the load resistor RO must
supply current to maintain the.high node near the supply
voltage in 'spite ;0of any current leakage to ground or
substrate. These leakages include a sub-threshold leakage of
the inactive bitline transfer device (transistor T3 in FIG.
5), a sub-threshold leakage of the inactive storage transistor
(transistor T2 in FIG. 5) and a leakage to substrate of the P-
N diode created by a common drain diffusion. '

FIG. 7 is illustrative of the internal node equalization
process during a write “0' operation. With a “1' previously
stored in the cell 50, the “WRITEBUMP' pulse has no effect on
the internal cell node “B' since the storage t_ransistor T2
(FIG. 5) is inactive. A valid “WORDLINE' select grounds cell
node “B' through the transfer transistor T3 (FIG. 5) to the
grounded bitline 56 during a write “0' operation. For a write
~0' operation, both internal cell nodes “A' and “B' are rail
to rail (i.e., VDD and GND, respectively).



are connected and forman input of said static inverter, said static

i nverter further having a conplenentary storage node internediate the
serially connected first and second transistors; an i npedance for
connecting the storage node to the voltage supply; athird

transi stor having an input connected to an output of said static inverter,
said third transistor further for conne%ting the storage node to a wite
line, the wite line for receiving a one-shot pul se signal generated off of
a rising edge of a logical AND of a 'WRI TE ENABLE' signal and a decoded
"WORDLI NE'  signal; and a fourth transistor responstve to a
wor dl i ne access signal for connecting the storage node to a data bitline.
In accordance with a further aspect of the invention there is provided a

memory cell congitfl die-selectlansﬁfttﬁe W i%e AV RGP hdW Rdo e%m ed

to a storage node; i npedance for connectifg the storag to
a vol t age G&bbl §O ma:.nta:.qs ﬁ sftahle mhatie Aim pudhy the ﬁﬁmﬁ whigtthe t o

an out put @fxsai ¢x@nistdVeMod  SRAM cell. The cross-coupled NMOS
transistor “TO' and  PMOS transistor “T3' (FIG. S5) maintain a
binary “0' in the cell §0. The value of the load/pullup
resistor RO is sufficiently high (i.e., on the order of 10 to
100 giga ohms) to minimize a standhy pewer dissipation in thef
.cell 50 for a stored 0%, -

Reading a "1* or. ‘O"frqm‘fhe cell 50 is accompiished'by_
incorporation of a voltage reference node into a bitswitch
.circuit (not shown) that weuld allow a sense ampllfier (not'
shown) to differentiate a “1' from a ~0' while using only a
single bltllne per.cell $0. Bitswitch circuits and sense
amplifiers are known in the ert and thus not further described
herein. Turning now to FIG. 8, a “WRITE 1', “READ 1', “WRITE
0', and “READ 0' operation for the four transistor CMOS SRAM
cell 50 in accordance with the present invention is shown. A
voltage reference, labeled in FIG. 8 as “SENSE AMP COMP', is
generated at a voltage reference node during every read/write
operation. The sensée amplifier evaluates a differential
between a “BITLINE TRUE' node and the reference node “SENSE
AMP COMP' and amplifies a differential offset when a separate
“set' signal is applied to the sense amplifier during a read
operation. A direction of the differential offset above or
below the reference voltage 1eve1 determines a “1' or s~0! to
be stored in the cell 50.



sdid first transistor further for connecting the storage node to a
writebunp port, the witebunp port for receiving a wite line signal for

sinplifying a witing of a logical "1" to the storage node; and a
second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline. - In accordance with a further

aspect of the invention there is provi dd a menory array having a plurality
of nmenory cells arranged to forma matrix of rows and col unms, each nenory

cell conprising: a static inverter having an input connected to a
st orage node; an irrpedance for connecting the storage node to a
vol tage supply; rst transistor v an i nput copnected_to an
output of said?tBRiR ?W@We of ?r%’t’ef?’gﬁﬁ 'gY ﬁ’gt {8 1f§, small
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a'' WRI TE BNABIE single ended five transistor CMOS SRAM cell (FIG. 2)
with -a. poly J.oad/pullup resistor (FIG. $ == four transistor
CMOS SRAM ce].l) offers an additional level of silicon density
mprovgnent_ without any significant adverse performance impact

- and with- less power dissipation than the more common two
resistor R-load cell (FIG. 3).

There has thus been shown a four device SRAM cell with a
single bitline which reduces the number of devices required
for implementing a static memory latch for storing binary
data. The four device SRAM cell further reduces the number of
bitlines required from 2 to 1 for writing data to and reading
data from the static memory latch/cell. The resultant memory
cell improves a silicon area savings and furthermore provides
for a more cost effective memory.

" While the invention has been particularly shown and
described with reference to specific embodiments thereof , it
will be understood by those skilled in the art that various
changes in form and detail may be made thereto, and that other



and a decoded ' WORDLI NE' signal, and wherein said nenory cell further
conprises a single ended four device static random access nenory cel

having a single bitline. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her teachings
and advant ages of the present invention will becone nore apparent upon a
detai |l ed description of the best node &&r carrying out the invention as
rendered below. In the description to follow, reference will be nade to the
acconpanyi ng draw ngs, where |like reference

embodiments of the present invention beyond embodiments
specifically described herein may be made or practice without
departing from the spirit of the invention.

Similarly, other changes, combinations and modifications
of the presently disclosed embodiments will also become
apparent. The embodiments disclosed and the details thereof
are .intended to teach the practice of the invention and are
intended to be illustrative and not limiting. Accordingly,
such apparent but undisclosed embodiments, '~ changes, °
combinations, and modifications are considered to be within '

- the spirit and scope of the present invention as 1limited
solely by the appended claims. '



nuneral s are used to identify like parts in the various views and in which:

FIG 1 illustrates a common six transistor full CMOS SRAM cel | ; FI G
2 illustrates a single ended five transistor CMOS SRAM cel | ; FIG 3
illustrates a four transistor R-1oad CMOS SRAM cel | ; FIG 4
illustrates a three transistor R-1oad CMOS SRAM cel | ; FIG 5
illustrates a single ended four transik®or CMOS SRAM cell in accordance
with the present invention; FIG 6 illustrates a voltage vs. tine

et )R
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WHAT I8 CLAIMED I8:

1. A memory cell comprising:

a static inverter having an input connected to a storage
node;

_ an impedance for connecting the storage node to a voltage
supply; _

a first transistor having an input connected to an output
of said static inverter, said first transistor further for
connecting the storage node to a write line; and’ '

a second transistor respons:.ve to a wordl:.ne access
signal for connecting the storage node to a single ‘data
bitline. :

2. The 'memery cell of claim i, wherein

said static inverter includes a third transistor serially
connected with a fourth transistor between the vbltage supply
and ground, wherein a respective base of the third and fourth
transistors are connected and form the input of said static
inverter, said static inverter further having a compiementary
storage node intermediate the serially connected third and
fourth transistors. '

3. The memory cell of claim 1, wherein

the write line for receiving a one-shot pulse signal
generated off of a rising edge of a logical AND of a “WRITE
ENABLE signal and. a decoded “WORDLINE' signal.

4. The memory cell of claim 1, wherein
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a-wite '1' operation of the single ended four transi stor CMOS SRAM cel |
I n accordance with the present invention;
6 FIG 7 illustrates a voltage vs. tine characteristic for a wite

-0" operation of the single ended four transi stow
accordance wth the present invention; Il lustrat ol t age
vs. time characteristic for a wite 1'13 read '1', ﬂ“‘“t“‘ M‘{
sequence in the operation of the single ended f our \\t\“m

cell in accordance with the present invention; and *

said static inverter includes a third transistor serially
connected with a fourth transistor between the voltage supply
and ground, wherein a respective base of the third and fourth
transistors are connected and form the input of said static
“inverter, said static inverter further having a complementary
storage node intermediate the serially connected third and
fourth transistors; and
_ the write line for receiving a one-shot pulse signal
generated off of a rising edge of a logical AND of a “WRITE
ENABLE' signal and a decoded “WORDLINE' signal.

5. The memory cell of claim 1, wherein
‘ said memory .cell 'furth_er." comprises a single ended four
' device static random access memory cell having a single
; bitline.

6. A memory array having a plurality of memory cells
arranged to form a matrix of rows and columns, each memory
cell comprising: _
a static inverter hav:.ng an input connected to a storage
node;
an impedance for connecting the storage node to a voltage
supply; |
a first transistor having an input connected to an output
of said static inverter, said first transistor further for
connecting the storage node to a write line; and
o a second transistor responsive to a wordline_ access
. signal for connecting the storage node to a single data

bitline.
-
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FIG 9 illustrates a nenory array having a plurality of nmenory cells

arranged to forma matrix of rows and colums, each nenory cell including
a single ended four transistor CMOS SRAM cel | in accordance—wttthe"

II?)rE'?',SAIeEE I nventi on. A ’
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7. The memory array of claim 6, wherein

said static inverter includes a third transistor serially
connected with a fourth transistor between the voltage supply
and ground, wherein a respective base of the third and fourth
transistors are connected and form the input of said static
inverter, said static inverter further having a complementary
storage node intermediate the serially connected third and
fourth transistors. ' ' '

8. The memory array of claim 6, wherem

the write line for receiving a one-shot pulse signal
'generated off of a rising edge of a 1og:|.ca1 AND of a “WRITE
ENABLE' signal and a decoded “WORDLINE' signal.

9. The memory array of claim 6, wherein i

said static inverter includes a third transistor serially
connected with a fourth transistor between the voltage supply
and ground, wherein a respective base of the third and fourth
transistors are connected and form the input of said static
inverter, said static inverter further having a complementary
storage node intermediate the serially connected third and
fourth transistors; and

the write line for receiving a one-shot pulse signal
- generated off of a rising edge of a logical AND of a “WRITE
ENABLE' signal and a decoded “WORDLINE' signal.

10.  The memory array of claim 6, wherein

said memory cell further comprises a single ended four
device static random access memory cell having a- single
bitline. |

This Sheet Has Been Re’ilaced

THIS SHEET HAS BEEN
REPLACED




"SRAM GMOS cell 50 in accordance with the present i.nvention contains one

| ess transistor than the nore conventional five transistor device single
ended CMOS SRAM cell 20 as shown and di scussed herein above with reference
to FIG 2.1n the single ended four transistor SRAM CMOS cell 50 in
accordance wth the present invention, jghe of two PFET | oad devi ces has
been replaced with a polysilicon | oad resistor RO to reduce the cell size
further. Furthernore, a reliable wite access into the cell 50 is provided
by the. addition of a 'WRI TEBUMP port 52 into each cell 50 wi thin an SRAM
cell menory array. A 'WRI TEBUMP signal includes a one-shot pul se,
generated off a rising edge of the |logical AND of a WRI TE ENABLE si gnal
and a decoded -WORDLINE' signal. That is, for every row of cells sharing a

_common woj 4il i ng @&ngi@rgnaadafgw %%Q&%@' bf%g;e \%w 2 é§s|91ﬁ

fromits respective Wwordl™~ae wite ena en a row of ce
gi ven wor@elhengROrye SHMILSANG: be written, the internal cell nodes

[err]A and [egr lsﬁatibelﬁfvfa%bwﬁbhh&'éﬁaiﬂﬁ?@ ém&tw &téréé ge

vol tage (M) of each,other. shows an J nternal node equalizati
process o‘ﬁ?‘% wherein saify §ta5b€rb’i‘7’%elwltnﬁ]éqe§r A SlrﬁFeWGEﬂ-?t?}’ ored
in the c%éri@llﬁrheonneetedf with hesédoiRi MBI stor etpsen ! £svoéleagest or

(orrlen Dapity  ShatuPoui. CuRHretn® Pediade Vel bl 'df end efifdt 454°
second trans:.stors are connected and form an input of " said ._f .
static inverter, said static inVerter further having a s
complementary storage node intermed:.ate the serially connected"?’f: )
first and second trans:.stors, - L T AR

an impedance .for connecting the storage node to the S o
voltage supply; . B
a thJ.rd transistor having an- input connected to an output
of Sald static inverter, said third transistor further for
connecting the storage node to a write line, the write line
for receiving a one-shot pulse signal generated off of a
rising edge of a logical AND of a “WRITE ENABLE' signal and a
decoded “WORDLINE' signal; and ) |
a fourth transistor responsive to a 'ﬁordiine access
signal for connecting the storage node to a data bitline.
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node [€rr]A begins to pull down with the activation of transistor T1. Cell
node [err] B continues to pull up to approxi mately one-

8 hal f the supply voltage, while cell node [err]A continues to pull
down, clanmping the two internal nodes A/Bto within a threshold voltage
(Vt) of each other. During a wite cycle, with a [err] WORDLINE 54

sel ected, the NFET transistor T3 betweeniéhe cell 50 and the bitline 56
operates in a source follower node transferring charge fromthe bitline 56

'nto the cell 50 CoptuRoReviree SEal et WA’ stwere BrTnINE

ABSTRACT

A memory cell (50) includes a static inverter having an
input connected to a storage mnode. An impedance (RO)
connects the storage node to a wvoltage supply. A first
transistor, having an input connected to an output of the
static inverter, connects the storage node to a write line.
Lastly, a second transistor, responsive to a wordline (54)
access signal, connects the storage node to a single data
bitline (56) . The memdry ‘cell further includes a single.
ended four transistor CMOS SRAM cell. Addi'tionally, a memory
array (100) is disclosed which includes a plurality of memory
cells (50) arranged to form a matrix of rows and columns,
each memory cell including a single ended four transistor
. CMOS SRAM cell.
Fig. 5



t hreshol*d bel ow the supply voltage VDD, while cell node [err] A continues
to pull down toward ground GND. Further into the wite cycle, the wordline
54 is de-selected and the bitline. transfer device T3 isolates the cell 50
fromthe bitline 56. While the cell 50 remains isolated, the |oad resistor
RO nust supply current to maintain thejhigh node near the supply voltage
in spite of any current | eakage to ground or substrate. These | eakages

i nclude a sub-threshold | eakage of the inactive bitline transfer device
(transistor T3 in FIG 5), a sub-threshold Ieakage of the inactive storage
transistor (transistor T2 in FIG 5) §6$ %Fkage to substrate of the P- N.
di ode created by a common drain diffu FIG 7 is illustrative of
the internal node equalization process |Nﬁ)éiVW|1m [err] 0" operation.
Wth a [err]1" previously stored in the cell he [err] WRI TEBUMP pul se
has no effect on the inter ¥IRDIAEI node err]B' ‘Since the storage :
transistor T2 (FIG 5) is inaglive. A valid [err] WORDLI NE' sel ect” grounds

cell node [err]B through the{jransfer tfansistor T3 (FIG 5) to the
grounded bitline 56 duBllg a i tre~ferrio—o tion. F@ a wite [err]O
operation, both intern cel | yogesr{erTIA 'r]B [@gre rail to rai
(i.e., VDD and GND, respkctivgl y)h. N}E —'l @2 D :
e T | | a4
N g ST
= Y
— I
FIG. 2
(PRIOR ART) _
s HORDLINE 20

J

! BITLINE

,_Tl_' __I 12

= Y
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value of the load/pullup resistor ROig/sufficiently high (i.e

Wth a de-selection of the wordline 54,
50 maintains a stable state in nmuch the sane way as the six
CMOS SRAM cel | .

The cross-coupled NMOS transistor [err]To" and PMOS
transistor [err]T3 (FIG 5) maintain a binary [err]0" in the cell 50.

, on th

the now i sol ated cel |
t ransi st or

The
e

order of 10 to 100 giga ohns) to mnimze a standby power dissipation in

the cell
the cell

50 for astor_e TherT . Readi ng a[epl'g. or4[err]' from
50 is acconpli A6 Rm) 20 (PRIOR ART)
HORDLINE 1 pd WORDLINE 40
BLN I U '
¢ 1 BITLINE

_ A
. [] o e | []ng
FIG. 5 N
54 /f”,
Yoo WORDLINE
LOAD 56
RESISTOR - [] r~
. N BITLINE
+
RO
L ol
PFET —
5 - | N
- A d—o TRANSFER
\: TRANSISTOR
WRITEBUMP NFET

lTi
NFET

50



i ncorporation of a voltage reference node into a bitswitch circuit (not
shown) that would allow a sense anplifier (not shown) to differentiate a
[err]1" froma [err]0" while using only a single bitline per cell 50.
Bitswitch circuits and sense anplifiers are known in the art and thus not
further described herein. Turning now tp/&l G 8, a [err] WRITE 1', [err] READ
1', [err] WRITE 0', and [err] READ 0' operation for the four transistor CMOS
SRAM cel | 50 in accordance with the present invention is shown. A voltage
reference, labeled in FIG 8 as [err] SENSE AMP COVW', is generated at a

vol tage reference node during every read/wite operation. The sense
anplifier evaluates a differential betwsn a [err] Bl TLLNE TRUE' node and
the reference node [err] SENSE AMP COWP' wind anplifies a diffgential of f set
when a separate set' signal is applied t®2 the sense an§ ifierduring a read
operation. A direction gf the differentisal offset abo¥e or -ow t he

he oalt Csp ) 1208 tevel et %m nes a [er,‘-?:l 1' or S[err]g t e b st ored .in
the cell 50. = U\E :
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10 + - = A mai n advantage of the present invention is its small size.
One less bitline and transfer transistor offers substantial array area
savings at a tinme in the sem conductor industry/art when entire processors
and nenory are conpeting for the sanme silicon. The present invention
advant ageousl y overcones the problens f d by the single ended five device
predecessor. The [err]WRI TEBUNP' port sinplifies witing a [err]1l" and
makes the. [err] WRITE operation nore reliable than had previously. been
acconplished. Further reduction in cell size with the substitution of one
of the two PMOS |oad transistoss in the single ended five transistor CMOS
SRAM cell (FIG 2) with a polyr?Poad/puIIup resistor (FIG 5 -- four

transi stor CMOS SRAM cel | ) of f&s an additional |evel wuf §_'LI icon density

i mprovenent wi thout any signi fi:§ant adver se perfornmancg | gpactZand with

| ess power dissipation than th&nore common two resistar R lodd cell (FLG

3). There has thus peenZdhown a four device SRAR c&l f\n.lﬁ a
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single bitline which reduces the nunber of devices required for-
i npl ementing a static nmenory latch for storing binary data. The four device
SRAM cel | further reduces the nunber of bitlines required from2 to 1 for

witing data to and reading data fromthe static nmenory latch/cell. The
resultant nenory cell inproves a silic®héarea savings and furthernore
provides for a nore cost effective nenory. ' Wil e the invention has

been particularly shown and described with reference to specific
enbodi ments thereof, it wll be understoodgby those skhlled in the art that
-various changes in form and detaE# may be—nade thereig and. t hat ot her
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enbodi-nents of the present invention beyond enbodi nents specifically

descri bed herein may be nmade or practice wi thout departing fromthe spirit
of the invention. Simlarly, other changes, conbinations and

nodi fications of the presently disclosed enbodinments will al so becone
apparent. The enbodi nents di scl osed a8k the details thereof are intended
to teach the practice of the invention and are intended to be illustrative
and not limting. Accordingly, such apparent but undisclosed

enbodi ments, changes, conbinations, and nodifications are considered to be

Wi t-hin the spirit _and scope of the present invention as limted solely by
t he appended cl ai ns.

REPLACENMENT SHEET HRARANN [Tigl1lt1] . I
JUL 20011 FIH, g 100 09
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| ONE | 1 i Ve
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What i clained is: 1. A nmenory cell conprising: REPLACEMENT SHEET

i fverter having an input connected to a storage node; an | npedahcg
for connecting the storage node to a voltage supply; 0 jljl.r%m
transi stor having an input connected to an output of saild sta?i cinverter

said first transistor further for connectding the storag .
l'ine; and a second transistor responsive to a rdl i ne-access

signal for connecting the st e ' a prtftme, wherein
the wite line for receivi nggmaﬁgﬁﬂﬂsﬁmener ated of f of a
rising edge of a yk g@hs 3bjetNbY Bk FresehRInVentidW B &vercirae e Froblemsdachelatt as

" WORDLI NE' si gnal . 2. A nenory cell conprising: a static

i nverter halisowgsedraborput connected to a storage node; ~an inpedance
for connecting thg &%8{&9% Rafls ﬁ{&é gs;%égi bAER AYaRlot: there is proviled amidmory

transi stor having an Tnput” connec an out put of said’'static inverfer,
said first dellaospsising: f urt her for connecting the storage node to a wite

line; and second transi st.or .respons{.,ve dl i ne access

si gnal for cpnnec"l%ﬁ%’??’ﬁ ?twg’&émﬂwc%&ﬁp itﬁﬁ‘lsg&%%gg&{?rtl i ne, wherein
sai d static inverdfingedaidédBcoinbdtingthé storupe 3ot teevoltdgeyupsipnected with a
fourth transi stor between the vol tage supply a(gg%grgound '

respective base of ﬁﬁ‘iér_atnﬁiﬁod haviagfaaum?lﬁ GoPRFPS | output ¢ Fﬁé?{a@i&aig}ﬁtepor m
the input Ogaiégl*sggg%sgétblcfuﬁ—ﬂmﬁefo} EnnetRhgims stirhge AoALES Wette fing;tHer having a

conpl enment ary

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein the write line for receiving a one-shot pulse
signal generated off of a rising edge of a logical AND of a "WRITE ENABLE" signal
and a decoded "WORDLINE" signal.

In accordance with a second aspect of the invention there is provided a memory
cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein said static inverter includes a third transistor
serially connected with a fourth transistor between the voltage supply and ground,
wherein a respective base of the third and fourth transistors are connected and form the
input of said static inverter, said static inverter further having a complementary storage
node intermediate the serially connected third and fourth transistors; and

the write line for receiving a one-shot pulse signal generated off of a rising edge |
of a logical AND of a "WRITE ENABLE' signal and a decoded "WORDLINE" signal.

In accordance with a third aspect of the invention there is provided a memory
array having a plurality of memory cells arranged to form a matrix of rows and columns,
each memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,

said first transistor further for connecting the storage node to a write line; and



ngde internediate the serially connected third a dRE%‘tﬁCLEMEWa £
recei ving a one-shot pul se si

the wite line for
ri sing edge of a | ogical
'WORDLI NE' signal. 3.

AND of a 'WRI TE ENABLE
A menory array havin
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brs; and
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nory

cells arranged to forma matrix of rows- col unnss—eactrenor y cql |
conpri si ng: a static inverter having an | nput connected a

st orage node; n i npedance £for._co i.nQ : [ fpda

vol tage supply; 2 Secondatr%{’s&‘?rsrfsqosslﬁgitgtao%ﬁgﬁﬁenr%c%%esll%%aﬁtﬁgggnec i Ql%% an

out put of Sgbfhgsnadéd @ 4 sivgletdata bidlimepwheérei the maites line for recsivingra dnershot pulse
connecting the storage n to.a

d ite.line,; . )
second t r an$igagl genera iogé W%“%\é%ﬁ?r%q‘i‘ :lfkg‘%ﬁl,?{@g %ﬁagn‘é(PITErE%ﬁFrgctsf%l t he
st or age ”Odﬁcfé)d@coﬁwg*v@lﬁﬁml?is‘i ane, wherein the wite line for receiving
pu

a one-shot se signal generated off of a rising edge of a Ioc?i cal AND of
a ' WRI TE ENABLE' Ei apeatdance with a further aspect of the invention there is provi ed a memory

array having a plurality of memory cells arranged to form a matrix of rows and columns,
each memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein said static inverter includes a third transistor
serially connected with a fourth transistor between the voltage supply and ground,
wherein a respective base of the third and fourth transistors are connected and form the
input of said static inverter, said static inverter further having a complementary storage
node intermediate the serially connected third and fourth transistors; and

the write line for receiving a one-shot pulse signal generated off of a rising edge
of a logical AND of a "WRITE ENABLE" signal and a decoded "WORDLINE" signal.

In accordance with a further aspect of the invention there is provided a single
ended four device static random access memory cell memory comprising:

a static inverter having an input connected to a storage node, wherein said static
inverter includes a first transistor serially connected with a second transistor between a
voltage supply and ground, wherein a respective base of the first and second transistors
are connected and form an input of said static inverter, said static inverter further having -
a complementary storage node intermediate the serially connected first and second
transistors;

an impedance for connecting the storage node to the voltage supply;

a third transistor having an input connected to an output of said static inverter,
said third transistor further for connecting the storage node to a write line, the write line
for receiving a one-shot pulse signal generated off of a rising edge of a logical AND of
a “WRITE ENABLE" signal and a decoded "‘WORDLINE' signal; and

a fourth transistor responsive to a wordline access signal for connecting the

storage node to a data bitline.



and a decoded ' WORDLI NE' si gnal . 4. A rrermry.RgH* MR 'E[ Blurality
of menory cells arranged to forma matrix of rows ch nmenory
cell conpri sing: a static inverter having an gapyyLczehedtgd to a
st orage node; an i npedance for connecting tjhhe storage nodeijto a

vol t age supply, a first transi st-dib-havi ngl ami tdd to an
output of said static inverter, said first transifggtor further for
connecting the storage hode t wite line:. and .. .a_¢

transistor respo n& Vg"{dﬁn%f’ ‘Oﬁﬁﬁlaq‘ﬂ%era?éﬁ?é Q(E e pygntiog, thers ﬁ%@i"t%lf&r%g dﬁ Hemory
storage nodgifcédnfprisinpd! € data bitline, wherein said static inverter

includes a third transistor serially connected with a fourth transistor
bet ween the vol tagetag@mx;terdmn@rwnavtm?%m&Srt%rég%e‘ﬁ]% base of the

third and fourth tf .dﬁﬁ&rﬁr@&ﬁeg?gﬁgkﬁgag%%dé% Bvbigse sipplly; of said

static inverter, sald static Inve urther having a conpl énentary
st orage node i nt ea fiestiteensistonhagingi aal inputceomnecied to amoutpub of stid statie inverter,

transistors; . . hg wite |ine f R -

si gnal gene$aé‘§‘3%5to??nsb$°ra%ﬁ'§¥ A 8‘2}6’5&8% g{e] %tgfa?glﬂoﬁ%ﬁaoé) Q‘grlt%&%%mﬁ_ E
signal and gri rt FPREdei Vil a Siriie dine signbl for simplifying aokritingdfal Idgieal "1"
devi ce static_random access nenory cell nenory conpri sing: a
static i nvetothe sioragemgdeandnput connected to a storage node, wherein said

static inverter iQaGhuUd@SyihsidtdrSlespdndivel 18t wobdiinedddc¥ssCapma fof dodhdeting the
second transi stor between a voltage supply and ground, wherein a respective

base of t hestbragsnodeitp ssingladatartitlioest ors are connected and form an i nput of

said static inver fn%dco?d%hge @Etﬁtai ﬁﬂh&vﬁf)&ﬁ of ftl’ﬂar ﬁlbs{ﬁdﬁatﬁ.é@% provided a memory

array having a plurality of memory cells arranged to form a matrix of rows and columns,

each memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a writebump port, the
writebump port for receiving a write line signal for simplifying a writing of a logical "1"
to the 'storage node; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline.

In accordance with a further aspect of the invention there is provided a memory
cell comprising:
| a static inverter having an input connécted to a storage node;

an impedance for connecting the storage node to a voltage supply; -

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein the write line for receiving a one-shot pulse
signal generated off of a rising edge of a logical AND of a “WRITE ENABLE" signal
and a decoded “WORDLINE' signal, and wherein said memory cell further comprises a

single ended four device static random access memory cell having a single bitline.
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conn Ing the®storage node to a wit¢ line, the wit I ne for
receiving a one-shot pul se signal generatl®d off off a rising edge offa
| ogical AND of a 'WRI TE ENABLE' signal and a deco ' _.sighal; and

-14 - g fourth transistor responsive to a wordline access signal
for connect Whatipglalmed isse node to a data bitline. 6. A nenmory cell
conpri si ng: a static inverter having an input connected to a

st orage node; an i npedance for connecting the storage node to a

vol tage supply; A memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein the write line for receiving a one-shot pulse
signal generated off of a rising edge of a logical AND of a "WRITE ENABLE" signal
and a decoded "WORDLINE" signal. ' '

2. A memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein said static inverter includes a third transistor
serially connected with a fourth transistor between the voltage supply and ground,
wherein a respective base of the third and fourth transistors are connected and form the
input of said static inverter, said static inverter further having a complementary storage
node intermediate the serially connected third and fourth transistors; and

the write line for receiving a one-shot pulse signal generated off of a rising edge
of a logical AND of a "WRITE ENABLE" signal and a decoded "WORDLINE' signal.

- 3. A memory array having a plurality of memory cells arranged to form a matrix of

rows and columns, each memory cell comprising:
a static inverter having an input connected to a storage node;
an impedance for connecting the storage node to a voltage supply;
a first transistor having an input connected to an output of said static inverter,

said first transistor further for connecting the storage node to a write line; and



a first transistor having an input connected to an pgpfACEMENT SHERT dtatic
A

irfverter, said frrst—transistor further for conn e {node to
i gnal for

a witebunmp port, ' rt for receivin wite |}

Simpl i fying a witllmmﬂmﬂﬂlﬂmm 11" to the stof ageOfodtl 2008 ;
second transistor sponsi we 0 & wordline access|sjanal far c edting the
storage node to a single data bitline. -13- The nenory cell of cl aim®6,

vvheLei nfsai d static inverter includes a third trabhsister—ser+atty-Tonnect ed
with a fourth transistqor between the vaoltage supply and ground, wherein a
respective base of SEHRd{IFATSHILIHGSROBSIEHO 3 %ﬁg‘ﬁg{éoar%esér%g%é%ﬁ’ég?wcﬁ% B m
the input Oétm%gé todd & 4 ﬁggle}ﬁ%fattﬁﬂmefﬁh&eﬁi 8k itk 6 Fratecdiving Aeinelbhvt pdsa

conpl ementary Storage no intermedi ate the seri alclgy connected third, and
|

fourth transigsal@eneratedgoff of a rivieg adgeopfa dagical SN off an WRITEHNARLE,signal
menory cel l?‘{ff]%é%gaﬁ&%m églggl e ended four device static random -

access meno aving a sing I tline. 9. - A menory array having
a plurality of nmenory cells arranged to forma nmatrix of rows and col ums,

each nmenory, cell conprising: . a.static inverter haw.ng an inpug
connected t% a stér"gg‘@ c?&’gl,yhavmgapl“?H%f‘?ﬁfﬂﬁ&ﬂ’é’e“?l&m&%eﬁl&??%afn rix of

st or age NOORwsoand céRinnd) BachURBYEy cell comprisigf i F st transi stor having an

i nput connected to an output of said static inverter, said first transistor

further for connestatiginveeenhayingan inpulconpegiedifo a Heragppdsit | t he
an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein said static inverter includes a third transistor
serially connected with a fourth transistor between the voltage supply and ground,
wherein a respective base of the third and fourth transistors are connected and form the
input of said static inverter, said static inverter further having a complementary storage
node intermediate the serially connected third and fourth transistors; and

the write line for receiving a one-shot pulse signal generated off of a rising edge
of a logical AND of a “WRITE ENABLE' signal and a decoded "WORDLINE' signal.

5. A single ended four device static random access memory cell memory
comprising:

a static inverter having an input connected to a storage node, wherein said static
inverter includes a first transistor serially connected with a second transistor between a
voltage supply and ground, wherein a respective base of the first and second transistors
are connected and form an input of said static inverter, said static inverter further having
a complementary storage node intermediate the serially connected first and second
transistors;

an impedance for connecting the storage node to the voltage supply; -

a third transistor having an input connected to an output of said static inverter,
said third transistor further for connecting the storage node to a write line, the write line
for receiving a one-shot pulse signal generated off of a rising edge of a logical AND of
a ‘WRITE ENABLE' signal and a decoded "WORDLINE' signal; and



wrlteburrp port for receiving a wite line sign Iﬂgp}_mgmmTlSHﬁETlg a vvrltlng

of' a logical "1 to the Q'rnrmle_ngde and secomd—tTans{ st or
responsive to a wordline access sig for conmed¢ti ng the or gk node to a
e o ki

REPLACENMENT SHEE -15 - 10.

The nenory array of &l al m"9 V\/nerel n saidl&tatijc i nverter includé¢s a third
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a static inverter having an input connected to a storage node;

an impedance for connecting the stdrage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a writebump port, the
writebump port for receiving a write line signal for simplifying a Writing of a logical "1"
to the storage node; and

a second transistor responsive to a wordline access signal for connecting the

storage node to a single data bitline.

7. The memory cell of claim 6, wherein said static inverter includes a third
transistor serially connected with a fourth transistor between the voltage supply and
ground, wherein a respective base of the third and fourth transistors are connected and
form the input of said static inverter, said static inverter further having a complementary

storage node intermediate the serially connected third and fourth transistors.

8. The memory cell of claim 1, wherein said memory cell further comprises a

single ended four device static random access memory cell having a single bitline.

9. A memory array having a plurality of memory cells arranged to form a matrix of
rows and columns, each memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a writebump port, the
writebump port for receiving a write line signal for simplifying a wntlng of a logical "1"
to the storage node; and

a second transistor responsive to a wordline access signal for connecting the

storage node to a single data bitline.
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and f or m t hstoragpnodointegaiediats the seridllywonnented thadcind fatritctransistors.er f urt her

having a conpl enentary storage node internediate the serially connected
third and fourth transistors.

11. The memory array of claim 9, wherein sa1d memory cell further comprises a

single ended four device static random access memory cell having a single bitline.

12. A memory cell comprising:

a static inverter having an input connected to a storage node;

an impedance for connecting the storage node to a voltage supply;

a first transistor having an input connected to an output of said static inverter,
said first transistor further for connecting the storage node to a write line; and

a second transistor responsive to a wordline access signal for connecting the
storage node to a single data bitline, wherein the write line for receiving a one-shot pulse
signal generated off of a rising edge of a logical AND of a "WRITE ENABLE" signal
and a decoded “WORDLINE' signal, and wherein said memory cell further comprises a

single ended four device static random access memory cell having a single bitline.

13. The memory cell of claim 12, wherein said static inverter includes a third
transistor serially connected with a fourth transistor between the voltage supply and
ground, wherein a respective base of the third and fourth transistors are connected and
form the input of said static inverter, said static inverter further having a complementary

storage node intermediate the serially connected third and fourth transistors.



