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CELL ARRAY WITH SINGLE-ENDED CURRENT-SENSING

Field of Invention

This invention relates to semiconductor-integrated-circuit memory
circuitry and more particularly to semiconductor static random access memory
("SRAM") cell cross-point arrays — i.e., arrays of cells in which each of the cells is

5 located at a crossing of a row line with a column line.

Background of Invention
A semiconductor-integrated-circuit SRAM cell is a memory cell, in
the form of electrical circuitry integrated in a semiconductor body, that retains its
binary digital memory storage state (i.e., a 0 or a 1: a low or a high) for as long a
10 time as dc electrical power is applied to the cell or until it is written again with a
different binary digital signal (i.e., a 1 or a 0, respectively). In one design, such a
cell is formed by a pair of cross-coupled transistors, each of the transistors being
connected in series with a separate load device. Each of these load devices can
simply be a resistor such as provided by suitably connected transistor (diode). In
15 another design, such a cell is formed by electrical circuitry comprisihg two pairs of
cross-coupled transistors connected in series with each other--one pair comprising a
pair of cross-coupled n-channel MOS (Metal Oxide Semiconductor) transistors, and
the other pair comprising a pair of cross-coupled p-channel MOS transistors. In
any event, the semiconductor body in which a cross-point memory array is
20 integrated is typically silicdn, but it is known that similar arrays can be constructed

in other semiconductor bodies such as compound Group III-V semiconductors like
GaAs (gallium arsenide).

In some practical applications of SRAM cell arrays, a capability of
reading one cell located on a given column and simultaneously (i.e., during a single
25  read-write cycle) writing another cell located on the same given column is
desirable: this capability allows a desirably faster overall performance. This
capability will be referred to as a "simultaneous read-write" capability.
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addition, access to (and hence selectlon of) each cell located on a given row was

controlled by a pair of row lines (one such pair for each such row of cells): one of
the pair controlled the reading while the other of the pair independently controlled

15 the writing of the cells located on the row. Detection of the 0 vs. 1 memory state

' of a selected cell was accomplished by means of a voltage sénsing device, such as
an amplifier and flip-flop circuitry. Such dual-port cells, when located in an array
having more than a single row, thus achieved the above-mentioned simultaneous
read-write capability. In addition, such dual port cells (as a result of being dual

20 port, i.e., having two pairs of column bit lines associated with each cell) enjoyed
the advantage of not requiring boosted (higher-applied-voltage) row lines.

The circuitry taught in the above-described prior art, however,
required a total of four column lines plus two column power lines for each column
of cells, in addition to two row lines, whereby an undesirable amount of added

25 precious semiconductor area was needed to accommodate the total of six column
lines plus the two row lines. It would therefore be desirable to an SRAM cross-
point-memory-cell array having fewer than six column lines per column of cells
while retaining the above-mentioned read-write capability.

Summary of Invention
30 The inventive circuitry is set forth in claim 1. Preferred forms of the
circuitry are set forth in the dependent claims.
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FIG. 2 is a circuit schematic of an SRAM cell that can be used in the
block diagram of FIG. 1, according to a specific embodiment of the invention; and

10 - FIG. 3 is a block diagram of SRAM integrated circuitry with single-
~ ended electrical current sensing, in accordance with another specific embodiment of
the invention.

Detailed Descriuti

As indicated in FIG. 1, SRAM circuitry with single-ended electrical
15 sensing comprises an array 100 of SRAM cells, labeled Ci,j and so forth. The first
index i refers to the row; the second index j, to the column. The array may
contain only a single column of cells. All cells have the same internal construction
(FIG. 2) and typically are integrated in a silicon semiconductor chip, as known in
the art. '

20 More specifically, as shown in FIG. 2, the (illustrative) cell 200
(which is identical to a cell like Ci,j) has a pair of cross coupled NMOS transistors
MN1 and MN2 respectively connected in series with a pair of cross-coupled PMOS
transistors MP1 and MP2, as known in the art. Output terminals (or "nodes") N1
and N2 are respectively located between the transistors MN1 and MP1 and between

25  the transistors MN2 and MP2. Access NMOS transistors MW1 and MW2

- respectively connect, via their respective high-current-carrying terminals, the

output nodes N1 and N2 to complementary column bit lines Bj and Bj, as known in
the art. A row write line PWi is separately connected to a control terminal (gate
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terminates in an electrical current sensor Sj (FIG. 1), advantageously only one such

current sensor Sj per column. Each such current sensor Sj typically can take the

form of a current sense amplifier comprising (not shown) a resistor with a

15 voltmeter connected across it. The voltmeter advantageously comprises a CMOS
flip-flop detector; arranged to form a current sense amplifier with input level
shifting as known in the art. In any event, the resistance of the resistor is
advantageously significantly lower than that of the voltmeter, so that the RC time
constant of the current sensor is suitably low. On the other hand, the resistance of

20 the auxiliary transistor MR1 is sufficiently high, so as not to draw undue amounts
of current from the power line VDD and hence so as not to cause undue amounts of
power consumption.

As known in the art, during electrical operations the cell 200 can

have two memory states: in the one state MP1 is OFF, MN1 is ON, MP2 is ON,

25 and MN2 is OFF; in the other state MP1 is ON, MN1 is OFF, MP2 is OFF, and
MN?2 is ON. The purpose of the auxiliary reading transistor MR1 is to provide a
desired low-resistance current path from VDD to the detector line Dj (and hence to
the current sensor Sj) via the cell 200 if and only if the cell 200 is in the one
memory state but not in the other memory state. More simply, the auxiliary

30 reading transistor MR1 provides a low-resistance path from the node N3 to the
node N4 if and only if the cell is in the one memory state but not in the other.
More specifically, if the cell 200 is in the memory state in which MP1 is OFF and
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auxiliary reading transistor MR1 -- whereby a low resistance path through the cell
200 exists through MR1 and MN1, so that the current sensor Sj will indicate a
5 HIGH current . On the other hand, if the cell 200 is in the memory state in which
MP1 is ON and MN1 is OFF (MP2 is OFF and MN2 is OFF), then even if the
auxiliary transistor MR1 is turned ON, no such low resistance path through the
cell 200 can exist: if MN1 is OFF, since MP2 is then necessarily OFF (owing to
the cross-coupling connections of the transistors in the cell 200) there is therefore
10  no way such a low-resistance path can exist. Thus the auxiliary reading transistor
MR1 indeed serves to enable reading of the cell 200.

On the other hand, writing of the cell 200 is accomplished as in prior
art: a HIGH level signal is applied to the row write line RWi, whereby the access
transistors MW1 and MW?2 are turned ON so that the column bit lines Bj and B j

15 can be connected to the nodes N1 and N2, respectively, in order to write the cell
200, as known in the art. Moreover, if desired, one cell on a given column can be
written while another cell on the same column can be read: for'example, a cell such
as Ci,j can be written while a cell such as Ci+2, j can simultaneously (i.e., during a
single read-write cycle) be read.

20 In order to implement such a simultaneous writing of one cell and
reading of another cell (both cells located on the j'th column) -- specifically to write
the cell Ci,j and to read the cell Ci+2,j -- a HIGH level signal is applied to the row
write line RWi while a HIGH level signal is applied to the row read line RRi+2. At
the same time, a LOW level signal is applied to all the other row read and row

25  write lines. In this way, insofar as the j'th column is concerned, only the cell Ci,j
can be written (by means of complementary HIGH or LOW signals applied to the
column bit lines Bj and Bj, respectively, depending upon the desired memory state
to be written), and at the same time only the cell Ci+2,j can be read because of the
low-resistance path from VDD to the detector line Dj and thus to the current sensor

30 Sj through the cell Ci+2,j (i.e., from the node N3 to the node N4). However, no
such low-resistance path will then exist through any other cell located on the j'th
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5 adjacent cells located on a given column, the power line VDD and the column-
detector line Dj are parallel to the column bit lines Bj and Bj. In this way, the
circuitry shown in FIG. 1 entails a total of four (electrically conductive) column
lines (VDD, B;j, B j» Dj) per column and two (electrically conductive) row lines
(RWi, RRi) per row.

10 . In accordance with another specific embodiment of the invention, in
an array 300 (Fig. 3) the same cells Ci,j et cetera are used as were used in the
circuitry 100 shown in FIG. 1. On the other hand, the power line VDD is arranged
such that, between adjacent cells, it runs parallel to the row lines RWi and RRi

_ rather than parallel to the column lines Bj and Bj. In this way, as indicated in FIG.

15 3, the circuitry can be arranged so that there are a total of three column lines (Bj,

Bj, Dj) per column and three row lines (VDD, RWi, RRi) per row.

Although the invention has been described in detail with reference to
specific embodiments, various modifications can be made without departing from
the scope of the invention. For example, instead of being an NMOS transistor the

20 auxiliary reading transistor MR1 can be a PMOS transistor. Instead of being
connected across the transistor MP1, the transistor MR1 can be connected across
the transistor MN1, MP2, or MN2. Instead of more than two rows, there can be as
few as two rows, and instead of more than one column there can be as few as only
a single column -- whereby, during a single read-write cycle, the cell located on the

25 one row can be written while the cell located on the other row can be read. Also,
instead of the cross-coupled PMOS transistors MP1 and MP2, resistive load devices
can be used such as thin film resistors or polysilicon resistors, provided that they
have sufficiently high resistance so that the current flowing through them is
significantly smaller than the current flowing through the auxiliary reading

30 transistor MR1 in its ON condition.



Det ai I'ed Description As indicated in FIG 1, SRAMcircuitry
wi th single-ended electrical sensing conprises an array 100 of SRAM cell s,
| abeled Cij and so forth. The first index i refers to the row, the second
index j, to the colum. The array may cont gi-a—enly ' | umm of
cells. Al cells have the sane internal cofjsTH#B8EHEET HAY BEER)|| and typically
are integrated in a si'licon sen conductor hip, BEPKARE®W in tlhe art.

More speci fi ,, as shown in FIG 2, the=tttostratrvey cetrl 200 (which
is identical { cell like G j) has a pair of cross coupled NMOS

transi stors MN1 and MN2 respectively connected in series with a pair of
cross-coupl ed PMOS t r ahsSemisondugrar integrawgbeirenitrk gomprisingt he art. Qut put
terminals (or "nodes") [err] and N2 are respectively |ocated between the

transistors MN 1 and MP1 ﬁ/{}@) RoSWRBMNA Srray ﬁﬁﬁ@ﬁ@iﬁlﬁﬁaﬁ%@@mmﬁgpess

NMOS transi stors and , resg)eé}t,ive y.connect, Vvia their respective
hi gh- cur r entDE&F#SH Mt sempieongduetor bady.achof § hRHINgG 3 SARAr3LE, POWFD| enent ar y
col um bit lterheifialBa sepetatd] detefortexdninall, Bnd bepaddté firsh ahd'seswndtaeedsine [err] is

separat eky %Pa%‘i%{:o}se,deaté of thceoar&:fr:s% Itratnseirs orsnﬁilwilggg g tpglr of high current carrying
terminals and a control terminal, the plurality including first and second SRAM
cells located at an intersection of first and second rows, respectively, with a first
column; _

(b) first and second electrically conductive column lines
10  located adjacent to the first column, a first and a second output terminal of each of
the first and second SRAM cells being connected to the first and second column
lines, respectively, through the high current carrying terminals of the first and
second access transistors, respectively, of the first and second cells, respectively;

(c) a first pair of electrically conductive row lines located
15 adjacent to the first row, and a second pair of electrically conductive row lines
located adjacent to the second row;

(d) first and second electrical conductors connecting one of
the row lines of the first and second pairs of row lines to the control terminals of
both of the access transistors of the first and second cells, respectively;

20 (e) a power line connected to the power terminal of both of
the cells;

(f) first and second auxiliary transistors located in the first

and second cells, respectively, and having a control terminal that is separately

2%  connected to the other row line of the first and second pairs, respectively, and
25 having first and second high current carrying terminals respectively connected to
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4 Tv el ectrode) of each of the access trijpa ,
known in the art. One end of a colgm ¢ wg%%%%a%ggcgnnect ed to
a voltage source 101, as known in the & connect ed

to a node N3. This node N3 is connected to one of a pair of

hi gh- cur r enthecgowari 1it@ dndrtoitiefisst ofitphoichminab of therfirktsdndr secodd cellbPl and MP2,
as known in_the __arﬁ._ A.node N4 connects together the other of the

pai r -of hi gﬁqsgg ’Vyr’l ermnals of the transistors MN1 and M\2, al so as
known in the art. Arowread line RR is
connected to a control terr@ghatuméntsensing devieaconnected ta thedietegtardimgsi st or
MR1. A pair of high-current-carrying termnals of this

5 2. Circuitry according to claim 1 in which each of the cells
comprises a pair of cross-coupled transistor drivers that are separately connected in
series with a separate load device.

=

3. Circuitry according to claim 1 in which each of the cells
10  comprises a pair of cross-coupled n-channel transistors separately connected in
series with a pair of cross-coupled p-channel transistors.

4. Circuitry according to claim 3 in which the n-channel transistors
are NMOS transistors, the p-channel transistors are PMOS transistors, the auxiliary
15 transistor is an NMOS transistor, and the first power terminal is connected to a
high current carrying terminal of both of the PMOS transistors.

5. Circuitry according to claim 1 in which the second power line
runs essentially parallel to the first and second column lines.

20 6. Circuitry according to claim 1, 2, 3, or 4, in which between the
first and second cells the first power line runs essentially parallel to the first and
second column lines.

7. Circuitry according to claim 1 in which the second power line
25 runs, within the array, esentially parallel to the row lines.
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10, readi ng-transistor MR1 connects-the node N3 to the node N1

(alternatively to the node N2). Finally:the node Nd_is cannected to a
colum detector line O that term natesifin: &CT AL Clir r ent
sensor §j (FIG 1), advantageously only ?ne_s_cﬂH&nSﬁéPEe'; [ sgnsor §j _
per columm. Each such current sensor § typic form

of a current sense anplifier conprising (not shown) a resistor with a 15
vol t neter connected across it. The vol tneter advantageously conprises a

CMOS fli paAfpspgeget ector, arranged to forma current sense anplifier
wi th i nput IevelA—— shiftin%as known in the art. In any event, the

resi stance of the resi SHYIGQNDUCTORIMNIHGRASED-GIRCYRT SRANVROELL ower t han
t hat of ot he y;)I 'ltolmet Ier , sqmmt Ahywt[rpﬁt ng‘;th ' dlEEEI;IDEDCQm_ t mrsmﬁsﬂz\jgga flﬁlr rent
sensor is suitably |ow e 0 , resi stance o _the
auxiliary transistor NRlEO*}?’Q’%‘?W‘?WZ‘I?@tCEﬂ %%E,ﬁ@gaggy FoRtaing ap Auxiligryreading
anmount s . 5 ofMR1) nﬁﬁsxf istbr eonintdted perosy orel ofehe/Akhsivists lolemseirs&cn%emomkg/
cause undue anounts. 0 . r t i,0N. . - . .

known in the ar fe,adiw#Fr&@é‘ﬁﬁ%%@@@iﬁ%@ﬁ&npﬁH"%@‘Piﬂ%cse%dé% transistor, 5,/ ¢
two menory st at bsadditiorn, kecloced] e dwe abdess transidérs (MW 1, MW\ for\ddanéctingithe Gl
WMo s v The i beRlEmBhey cotinith Bichints 18580, THEON DEF Conaitiph o Boftdr
provi de a access transistors is controlled by a row write ?ine (RWi). Each cell has two power

10 nodes (N3,N4), one connected to a power source such as VDD and the other
connected to a column detector line (Dj) that terminates in a current sensor. The
state of the memory cell is sensed by this current sensor. In one embodiment, the
power line that brings the voltage VDD to the cells is a column line; in another
embodiment, it is a row line. Thus there are a total of four column lines and two row

15 lines in the one embodiment, and a total of three column lines and three row lines in
the other embodiment.

-
Has Been RTlaced

" T



desired | ow resistance current path from VDD to the detector line OO (and

hence to the current sensor Sj) via the cell 200 if and only if the
cell 200 is ﬁ one nmenory state tfzg not in the other menory
state. Mord , the auxili ary, 30 readl tranS| stor MRL provides a

N4|f andolylf

Iowre5| st ance ;‘)Jath fromthe nodeI N3 tp the EJ"‘tl ‘node
the cell is inp{0he on nory sta i oth
speci ficall jnlf t he i‘rl 200 is f—fh ?fggory stqte |if i ch I\/Pl B',&gF
and TN 1T ON
(MP2 is ON and Nﬁ-épi;.O:F), then jf iJs{ desired tojrlea the cell 200]
a HG& level sig ; row r | | fp tukn
ON t he auxi | i af er 5t ancg
pat h t hrough the cel lan Lt he
current senSepm: S§ W . On Syt ver| hand, | if
the cell -200@_}3_’[_ Pn -
RRi+3 -
| oo []] TG+ (1] T civagea
RWi+2_
RRi+2 -
100
] citt,j | Cit1 4 || cittjre] |
R¥Wi+1
RRitl -
I oai U T aist 4] T agee [
RN
= =,
RRE 1RL TRE |
—Dj —Dj+ —Dj+2
._ Sj Sj+1 Sj+2
VSS I | C_
fe. 2 | -
j il
I . 7200 l \ Dy
i MR1 L |
| dE wid— ¥ —E w2 |
' Nt N2 w3 1
‘ - MW1 —y alln I
IlE—— MN1 S | ENN2
| ]
R I 1 _ _ __N& | _
R_Ri -—



MPL i S-ON and MN1 is OFF (MP2 is OFF and M\2 is OFF), then even if the
auxiliary transistor MRL is turned ON, no such | ow resistance path through

t he cell 200 can exist: if ML is % since MP2 is then necessarily
OFF (owing to ~'the cross-coupling c ections of the transistors in
the cell 200) there is therefore 10 no way such a | owresistance path can
exist. Thus the auxiliary reading transistor MR1 i ndeed serves to
enabl e readi ng of the cell 200. On the ot her hand,
witing of the cell 200 is acconplished as in prior art: a HGH | evel

signal is appli ?alrgol\/sge row wite Iine RW, whereby the access
transi stors MAL d are turned ON so that the colum bit lines B and
Bj 15 can be connected to the nodes N1 and N2, respectively, in order to

wite the cell 200, as known in the art. Moreover, if desired, one
cell on a given columm can be ' writgﬁ_g whi | eganoihgr cell on téﬂe sane
col um can be read:Bjm; exanpl ﬁ.'& cel i/ h_ «I as j+2can be |y J+2en
while a cell SU{:& as" Cip2, | c s{mul aneouglj-yl H.e.] during a
singl e read-wyg cycle) be read. |20 ' In order tlos
i mpl emrent sd@ich s.i.m.u.t.a.n.an.uj_w.i.r_.n.b pf_one.coll tahd ceadilnd_qf
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the cellr Cij and to read the cell Ci+2,j -- a H CHREE%GEME@%?HE%' pplled '
to the row - wrltellneRvaueaHIGl—Heve si gnalh

row read line RRi +2. At ~ the .sanme tilme, .a LQ Bigved.- s1—gﬁ-al .dppl i ed
to aII the other row read and row 25 wite |ineS=Fmtmms way, mSofar ‘as

‘the j"th colum is CSEMECMUWORIIBH‘EGRAWD-CIRCIH'ESRAM written (by
means of conpl ementary HI GH or LOWsignals: applied to the col utm bit

oo whiran” GRUCARRRY TEPS R AR Cindee e lBNG, T2

because of the - lowresistance path from VDD to the detector _Ii-ne D .
and t hus t oFiehkofInventionsensor 30 Sj through the cell G +2,j (i.e., from
the node N3 to the node N4). However, no such 'owresi stance pat.h o

wll then exist throug qﬂvermgh%laree'tb erﬁicah&ﬂ:t%ﬁeﬁ?atéd-&ﬁ‘cmt memory
6 colum, ‘as_is desire rea one cell“w t hout having anot her
cel |l deli Veexr%tr& and more particularly to sermconductor static random access memory _

("SRAM") cell cross-point arrays -- i.e., arrays of cells in which each of the cells is
5 located at a crossing of a row line with a column line. |
. A'semiconductor-integrated—circuit SRAM cell is a memory cell, in -
the form of electrical circuitry integrated in a semiconductor body, that retains its
_ bmary digital memory storage state (i.e., a0 oral: alow or a high) for as long a
10  time asdc electrlcal power is apphed to the cell or until it is written agam with a
' different binary digital s1gnal (i.e.,alorad, respectlvely) ‘In one des1gn, such a
cell is formed by a pair of cross-coupled transistors, each of the transistors being
connected in series with a separate load device. Each of these load devices can
simply be a resistor such as provided by suitably connected t_rans'istor' (diode); In
15 - another design, such a cell is formed by electrical Cir'cﬁitry comprising two pairs of
cross-coupled trans1stors connected in series with each other--one pair compnsmg a
pair of cross-coupled n-channel MOS (Metal Oxide Semlconductor) transistors, and
- the other pair comprising a pair of cross-coupled p-channel MOS transrstors In
. any event, the semiconductor body in which a cross-point. memory array is
20  integrated is typically s111con, but it is known that similar arrays can be constructed '

in other semiconductor bodles such as compound Group III-V semlconductors like
GaAs (gallium arsenide).

In some practrcal apphcatlons of SRAM cell arrays a capability of
| readmg one cell located on a given column and sunultaneously (i.e., during a single
25  read-write cycle) writing another cell located on the same given column is
| -desirable: this capability allows a desirably faster overall performance Th1s
capability w1ll be referred toasa "snnultaneous read-wn " capablhty

54e to the -



confusing current si gnal . "As indicated in FIG 1,

bet ween adj acent ‘cells |located on a gi Ven . row, the rowread line RRi
and the row wite line RW are’ paraIIeI Between 5  adjacent cells

| ocated on a given columm, the power ding \DD an St '
“detector line Dj are parallel to the colum bit | |HEBLAByEMBmBHEEJ|-n th| S
way, the - CII’CUItI’y shown in FIG" 1entallsatota HEU'
(electrically conductive) colum - lines (V @ B%ﬁ oI um
and two (el ectrApstkac¢ conducti ve) roW lines . 10 -

I n accordance wth ano of th ntlon -
an array 300 (Fig. 3) 5%@1@;@5@ wg@% TngiBT M:vre used in
the circuitry 100 ARMYWTIEISINGLEQNDHE(QURREN’ESENSWG power |ine
VDD is arranged . ch that cells runs.. paral ] el
to the row |ines RW ang‘ étioty &%&)ﬁeﬁ&n ﬁm R @nta%s Fha Ferdinges
Bj and Bj. I5. t(MEl)vtmnslsax conubctet aedoss wné bftheltfansistdrs (MPB1)xinreach tell Aapwhe
arranged so th f I D)
o angec S0t b G B EofehP L OR'OFFEARAA s e Rlting i
_ : . Inaddition, each cell has two access transistors (MW1,MW2) for connecting the cell
to complementary column bit lmes (Bj, B 7). The ON-OFF condition of both of these
access transistors is controlled by a row write line (RW1) Each cell has two power '
10 nodes (N3 N4) one connected to a power source such as VDD and the other
connected to a column detector line (Dj) that terminates in a current sensor. The

state of the memory cell is sensed by this current sensor. In one embodiment, the
power line that brings the voltage VD_D to the cells is a column line; in another
embodiment, it is a row line. ~ Thus there are a total of four column lines and two row

15 lines in the one embodlment anda total of three column lines and three Tow hnes in
the other embodiment. '

Figre2 -



Although t he invention has been described—tn.detail with reference to

spéci fic enmbodi ments, various nodificati nﬁgp%mE d tlout departin
from ° the scope of the invention. Fdr Hp$g n?;gﬁﬂ% of —5@%6—%%——-12 £ Sneet
NMOS transistor the 20 auxi liary readi ngﬂéa E’o ‘ '

transi stor. Instead of being conne sistor MP1, the
transi stor MRL can be connected across -3- the transistor M1, M2, or
M\2. Instead of nore than two rows, there can be as few as two rows,

and instead of nore tIHhﬂWIQN@YGGItQMOﬁ:l‘?@héf%rcob@“ﬁémﬁé\ﬁ"dslw@mow lines arey

ocat ed on' (RuRstSF i e iV ol R ot 376 o851 1S Pl SR 15, fngs,

other row care hgyuirdd. Al so, i nstead of the cross-coupled PMOS

transi stors MP1 and MP2, resistive |oad devices can be used such as -
thin filmresistors or poI ysilicon resistors, provided that they have
sufficientl L the current flowing through themis
significant %rﬂe‘f fiptioh 41t Sifram Pt f1ow ng through the auxiliary

reading 30 transistor MRL in its ON condition,

FIG. 1 is a block diagram of SRAM integrated circuitry with single-
ended electrical current sensing, according to a specific embodiment of the
invention;

FIG. 2 is a circuit schematic of an SRAM cell that can be used in the
block diagram of FIG. 1, according to a specific embodiment of the invention; and

FIG. 3 is a block diagram of SRAM integrated circuitry with single- |
ended electrical current sensing, in accordance with another specific embodiment

of the invention.

Detailed Description

As indicated in FIG. 1, SRAM circuitry with single-ended electrical
sensing comprises an array 100 of SRAM cells, labeled Ci,j and so forth. The first
index i refers to the row; the second index j, to the column. The array may contain
only a single column of cells. All cells have the same internal construction (FIG.
2) and typically are integrated in a silicon semiconductor chip, as known in the art.

More specifically, as shown in FIG. 2, the (illustrative) cell 200 (which
is identical to a cell like Ci,j) has a pair of cross coupled NMOS transistors MN1
and MN2 respectively connected in series with a pair of cross-coupled PMOS
transistors MP1 and MP2, as known in the art. Output terminals (or "nodes") N1
and N2 are respectively located between the transistors MN1 and MP1 and between
the transistors MN2 and MP2. Access NMOS transistors MW1 and MW2
respectively connect, via their respective high-current-carryihg terminals, the output
nodes N1 and N2 to complementary éolumn bit lines Bj and Bj, as known in the

art. A row write line RW, is separately connected to a control terminal (gate
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circuitry- conpr|3|ng
a plurality of SRAM ullﬂ

placed - 1. Sem conductor integrated

cells having a separ termn . li"astl—i‘%?]' 1
and separate first and second access transi ngﬂﬁég Eﬁ ejlaccess

transistors having a pair of high curreny-garyyin >
the. Iurallty i ncluding first and_,g@_gﬁ.ﬁg" U.cellslll ocated at an

5first and second rows, respectively, with a first col um;

(b) first and second e sg;ﬁ.mmbdoy.m@gaﬂw&.mm@@&m"{gl .nes | ocated adj acent
to the first colum, a first and a secon ry@l({lput term nal of each of the

first and second SRAM cel ‘aéab@'l"ﬁ “E’Brﬂﬁ'@%t‘
r eSpaf i sélicondlidtoP Bedy, tdagh lif Ghe €Uty RiVing 8lsepdrte Argt pavi @rmpihall e

term nal ,
intersectlo

i nes,

first and second access transistors

separate detector terminal, and separate first and second access transistors, each of the
access transistors having a pair of high current carrying terminals and a control terminal,
the plurality including first and second SRAM cells located at an intersection of first and
second rows, respectively, with a first column;

(b) first and second electrically conductive column lines located
adjacent to the first column, a first and a second output terminal of each of the first and
second SRAM ‘cells being connected to the first and second column lines, respectively,
through the high current carrying terminals of the first and second access transistors,
respectively, of the first and second cells, respectively;

| {c) a first pair of electrically conductive row lines located adjacent to
the first row, and a second pair of electrically conductive row lines located adjacent to the
second row;

(d) first and second electrical conductors connecting one of the row
lines of the first and second pairs of row lines to the control terminals of both of the access
transistors of the first and second cells, respectively; |

(e) a power line connected to the power terminal of both of the cells;

() first and second auxiliary transistors located in the first and second
cells, respectively, and having a control terminal that is separately connected to the other

row line of the first and second pairs of the row lines, respectively, and having first and

second high current carrying terminals respectively connected to the power line and to the
first output terminal of the first and second cells, respectively, and

(g) a current sensing device having a pair of terminals, one of which

is connected to each of the detector terminals of the plurality of the cells and the other of

which is connected to a second power terminal,

2. Circuitry according to claim 1 in which each of the cells comprises a pair
of cross-coupled transistor drivers that are separately connected in series with a separate
load device. ' ' '

3. Circuitry according to claim 1 in which the detector line runs essentially

parallel to the first and second column lines.

nd a control .

Rg 3 plurality o SRAMY cellsdntagrated| urm

* [ L M S *

(a) a rowcolum array including
ﬂm d in a sem conductor body, each of the

eet



. THIS SHEET HAS BEEN g
respectively,.of the first and second cells, rdppect iREPLACED

(c) afirst pair of electrically conductive rp#==s i —adjacent to
the first row, and a second pair of electricad] REPCAROHE | | i nes

| ocated adj acent to the second row, MENIT%}?E?ER Rlacemgnt sheet
second el ectrical conductors connecting one qf Dafee2oBEPi 1088 of ||t he first
and second pairs of rowlines to the conts-ol SYerm th of the

access transistors of ,the first d .second.cells, respectively; . .
(e) a power |ine conndt 'éﬂ"tfyoacicﬂ@ﬂ}%ﬂé I ?ﬁﬁéﬁ%ﬁ%ﬂéﬂ%@ﬂ%ﬁm

(f) first amdnreetedtd theisecbhdipywérlaresi stors |ocated in the first and second

cells, respectively, and. havin .control termmnal that is, separately.
connected to the ot h_eg' €6w?‘ﬂ?f%°@f"gttﬂ§[afmr4 Ve g gLige ggis,comprises;aga
| i nes, respeftio¥stouplednehnbigior devérs Hit aRNEpsaeR N cbnhiedd Uderiedvith Y dephiafe

term nals-r?s ectjvely connected to the power Iine and to the first output

term nal of st and second cells, respectively, and

(g) a current sensi ngedeiduiny Rvidig B chith4 iR Whid At af the cERRofipri¥diaair S

connected to_,each of the detector terminals of the pl ur.a[lge}/‘ of_tnhe cells

and the ot hef cress-caupled n-ehannel {ransistgrsisspatately conneqteel iar series with a1pair of cross-

2. G rCUi”)éo@ﬂEd)b]@_hé}gmeiﬁarﬁ‘sis?érfﬂ 1 in which each of the cells conprises a
ran

pair of cross-couple ans or drivers that are separately connected in
series with a separ at & Circuitry according to claim 6 in which the n-channel resistors are NMOS

transistors, the p-channel transistors are PMOS transistors, the auxiliary transistor is an
NMOS transistor, and the first power terminal is connected to a high current carrying
terminal of both of the PMOS transistors.
8. Circuitry according to claim 7 further comprising a power source
connected to the power line.
9. Circuitry according to claim 6 further comprising a power source
connected to the power line.
- 10. Circuitry according to claim 5 further comprising a power source
connected to the power Iiné.
11. Circuitry according to claim 4 further comprising a power source
connected to the power line.
12. Circuitry according to claim 3 further comprising a power source
connected to the power line.
-13. Circuitry according to claim 1 or 2 further comprising a power source
connected to the power line.
14. Circuitry according to claim 1 or 2 in which between the first and
second cells the power line runs essentially parallel to the row lines.
15. Circuitry according to claim 14 further comprising a power source |
connected to the power line. '
| .16. Circuitry according to claim 1 in which the detector line runs, within the
array, essentially parallel to the row lines.

. 17. Circuitry according to claim 16 further comprising a current sensing

device connected to the second power line.
This Sheet Has Been Rerlaced
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| gad devi ce. _ 3. CGircuitry actorwed s N
detector lines runs essentially parallel tolithe fﬁ?git AN d colum
li nes.

4. Circuitry according to claim3 in which eack

' Pﬁﬁ@f@p li ses a
pair of cross-coupled transistor drivers that 4 e se onngcted in

series wwth a separate | oad device. ~Crreuittrydedordi ng to
claim3 in which each of the cells corrpm%es a pai r Of cross- cpupl ed
n-channel transistors 4 €paviay atgordiog redhieB inwisieh esch ofithdicells poinpriseb a@apss-

of cross-coupled transistor drivers that are separately connected in series with a separate

load device.

5. Circuitry according to claim 3 in which each of the cells comprises a pair
of cross-coupled n-channel transistors separafely connected in series with a pair of cross-
coupled p-channel transistors.

6. Circuitry according to claim 6 in which the n-channel resistors are NMOS*
transistors, the p-channel transistors are PMOS transistors, the auxiliary transistor is an
NMOS transistor, and the first power terminal is connected to a high current carrying
terminal of both of the PMOS transistors. )

7. Circuitry according to claim 7 further comprising a power source
connected to the power line.

‘8. Circuitry according to claim 6 further comprising a power source
connected to the power line.

9. Circuitry according to claim 5 further comprising a power source
connected to the power line. _

10. Circuitry according to claim 3 further cbmprising a power source
connected to the power line.

11. Circuitry according to claim 3 further comprising a power source
connected to the power line.

12. Circuitry according to claim 1 or 2 further comprising a power source -
connected to the power line.

-13. Circuitry according to claim 1 or 2 in which between the first and
second cells the power line runs essentially parallel to the row lines. ‘

14. Circuitry according to claim 14 further comprising a power source
connected to the power line.

15. .Circuitry.acc'ording to claim 1 in which the detector line runs, within the

array, essentially parallel to the row lines.

This Sheet Has Been Replaced
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coupl ed p-channel transistors. 6. Crcuitry according to
claim5 in which the n-channel resistors are NMOS transistors, the
p-channel transistors are PMOS transistors, the first. and second auxiliary
transi stors are NMOS transistors, and the fifst_power—t s connect ed
to a high current carrying term nal of both Fﬁ Wfﬁgﬁgls ors.

7. Circuitry according to claim6 furthe?-conpri si @ZaMA‘b w887 solir ce

connect ed te mse power |ine. 8.|| BRecui-try accordi g to claim
5 further cOMPrTsing a power source connected tO the power |1 ne.

9. Circuitry according Semmdndhaoninteyatétbcircuﬁrymdnwhmga power source

J !
Craim s further conpri si n arossbme e inclia S SRARE il Pl

11. Circui t frya aemidoRdi@or Body, aath bf dhie 2elisuhdvivg a Gepapate Sirstgpaavep taminalpar ce
connected to the gomer i ne

) 2. C i t di |
170r 5 i n AR, BetRgen termina and separere st hd seendsaccrs RSPy PR pifhe” "
essenti al | yaR@ssatdnSistorsOhaviify 4 paik bf Wigh current carrying termmalsla'ild Ledrtiol tarininal,

accordln to claim12 further c ing. a r sourc
J the plurality including first ang secona S ceFiIsVye ated at an lntersectlon of first and

second rows, respectively, with a first column;

(b) first and second electrically conductive column lines located
adjacent to the first column, a first and a second output terminal of each of the first and
second SRAM cells being connected to the first and second column lines, respectively,
through the high current carrying terminals of the first and second access transistors,
respectively, of the first and second cells, respectively;

(0) a first pair of electrically conductive row lines located adjacent to
the first row, and a second pair of electrically conductive row lines located adjacent to the
second row; . ‘

(d) first and second electrical conductors connecting one of the row
lines of the first and second pairs of row lines to the control terminals of both of the access
transistors of the first and second cells, respectively;

(e) a power line connected to the power terminal of both of the cells;

(f) first and second auxiliary transistors located in the first and second
cells, respectively, and having a control terminal that is separately connected to the other
row line of the first and second pairs of the row lines, respectively, and having first and
second high current carrying terminals respectively connected to the power line and to the
first output terminal of the first and second cells, respectively, and

(g) a current sensing device having a pair of terminals, one of which
is connected to each of the detector terminals of the plurality of the cells and the other of
which is connected to a second power terminal.

2. Circuitry according to claim 1 in which each of the cells comprises a pair
of cross-coupled transistor drivers that are separately connected in series with a separate
load device.

3. Circuitry according to claim 1 in which the detector lines runs eésentially

parallel to the first and second column lines.
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connected to the power |ine. 14. Circuitry according to
claimy in which the detector Iine runs, within the array, essentially
parallel to the row |ines. :

REPLACEMENT SHEET

-8- || pate V.50 .

4. Circuitry according to claim 3 in which each of th;a; comprises a pair
of cross-coupled transistor drivers that are separately connected in series with a separate
load device.

5. Circuitry according to claim 3 in which each of the cells comprises a pair
of cross-coupled n-channel transistors separately connected in series with a pair of cross-
coupled p-channel transistors. _

6. Circuitry according to claim 5 in which the n-channel resistors are NMOS
transistors, the p-channel transistors are PMOS transistors, the first and second auxiliary
transistors are NMOS transistors, and the first power terminal is connected to a high current
carrying terminal of both of the PMOS transistors.

7. Circuitry according to claim 6 further comprising a power source
connected to the power line.

8. Circuitry according to claim 5 further comprising a power source
connected to the power line.

9. Circuitry according to claim 4 further comprising a power source
connected to the power line.

10. Circuitry according to claim 3 further comprising a power source
connected to the power line.

11. Circuitry according to claim 1 or 2 further comprising a power source
connected to the power line.

12. Circuitry according to claim 1 or 2 in which between the first and
second cells the power line runs essentially parallel to the row lines.

13. Circuitry according to claim 12 further comprising a power source
connected to the power line. '

14. Circuitry according to claim 1 in which the detector line runs, within the

array, essentially parallel to the row lines.
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