11 Cctober 2005 1 SENSE AVPLI FI ER AND ARCHI TECTURE FOR OPEN DI G T ARRAYS
BACKGROUND OF THE INVENTION I. EM D OF THE | NVENTI ON [ 0001) The present

i nvention relates generally to systenms which utilize Z) array
architectures. Mire specifically, the invention rel atlé ng éﬂé§sten1 and
nmet hod for an inproved sense anplifieryarchitecture. I1. DESCRI PTION OF
THE. RELATED A [0002] Electronic systems typically store data during
operation | r%w CEER TP SR NEDIGIT ARRMYS i s very
popul ar as a ﬁ?& ata s orage deV|ce Fd? such systens. Basically, a DRAMis
an integrated circuit th-., n(e.g., "1" or "0") in

a | arge nunber of cells. 7Tt |s stored In as a charge on a
capacitor located within the cell. Typically, a high logic level is
approxi mately equal tq th ltage and a low logic level is
approxi mately egual o » he cells of a conventional DRAM
are arranged in _an array so that |nd|V|duaI cells can be ag%Les ed and
accessed. The alP@@llcan” bERs prssrghinveptionyelaes gen OGWEHRRE W Each

row includes a word line that interconnects cells on the rowwith a conmpbn

control $i gnamemSryrarayrdrshitecturts. ddomispecifivallyy dessinventifingelates to 2 SYSHE | s

coupled to at nost one cell in each row Thus, the word and 20 digit |ines
can be Controhi&ﬂlcﬂibd&aritpmhﬁtdwdséuﬁhlmphﬁmdﬁmmh cell of the array.
[0004] To read data out of a cell, the capacitor of a. cell is accessed by
IT.
[0002] Electronic systems typically store data during operation in a

memory device. Dynamic random access memory (DRAM) is very popular as a

10 data storage device for such systems. Basically, 2 DRAM is an integrated circuit
that stores data in binary form (e.g., "1" or "0") in a large number of cells. The
data is stored in a cell as a charge on a capacitor located within the cell. *
Typically, a high logic level is approximately equal to the power supply voltage
and a low logic level is approximately equal to ground.

i5 [0003] The cci!s of a conventional DRAM are arranged in an array so
that individual cells can be addressed and accessed. The array can be thought of
as rows and columns of cells. Each row includes a word line that interconnects
cells on th-c row with a common control signal. Similarly, each column includes
a digit line that is coupled to at most one cell in each row. Thus, the word and

20 digit lines can be controlled so as t'o individuaily access each cell of the array.

[0004]  ‘To read data out of a cell, the capacitor of a cell is accessed by

selecting the word line associated with the cell. A complementary digit line that
is paired with the digit line for the selected cell is equilibrated to an equilibrinm

voltage. This equilibration voltage (Veq) is typically midway between the high



selecting the word |line associated with the cell. A conplenmentary digit
line that is paired with the digit line for the selected cell is
equilibrated to an equilibrium voltage. This equilibration voltage (Veq)
is typically nidway between the high 11 October 2005 12 Octg@er 2Md | ow Vss
(typically ground) logic |levels. Thus, gonventionally, the digit I|ines are
equilibrated to one-half of the power sﬁpply vol tage, VCC/ 2. When the word

line is activated f t el.e .t c [ Slﬁre igeted cel l
di schar ges thet"s%fSP%“&g?‘[@@’“gﬁ%“ﬁﬁLE&Fg‘P%%‘Sr ialﬁlgl,g’ ctgﬁ{lféﬁé a giﬂ%gh?ﬁe
voltage on 5 the digit_|ine. [0005 ferring to FLG anplifier
110 detects an MFF?F‘@E”@H@OE}FMPE PANGT Ya"é’imgfn%ﬁ@/%gﬁ&‘%%f di gi t
lines. The sense anplifier 110 typically includes two nmain conpopents: an
n-sense anpl ifitbfrwarctilira:ipa@@atséforaﬁplsqlwt@dccﬂAéleican’ae%@rr%fttbﬂsqlwtqﬂiO&H 1, the
n-sense anplifier includes a cross-coupled 10 pair of n-channel transistors
230, 232, in wkiischarfésthe atoes voltagdentbrthn digittlime sthi§changiag 2heregltage oooupl ed to
the digit lines 102 and 104 or 106 and 108. Thus, during a read operation,

the n-channel thadgitdmers 230,232 are initially driven by the
equilibration voltage on the digit lines 102 and 104 or 106 and 108. The n-

sense anplifier i gggjad toRgché%utglligg\(vld&ggng l%@%h%%%QF&H&ngmgméense :

anplifier is i ncl es’a cross- pl™e phlr 0 transi stors 234,
[0006] An i npulPOERPCislReSh ot i g e o TRE R RNl 20
et o 20 R Mt e 5 Bt 850 4%nd®® o7 100

amplifier. As illustrated in FIG. 1, the n-sense amplifier includes a cross-coupled

10 pair of n-channel transistors 230, 232, in which the gates of the transistors 230,

232 may be coupled to the digit lines 102 and 104 or 106 and 108. Thils,

during a read operation, the n-channel transistors 230, 232 are initially driven by .

the equilibration voltage on the digit lines 102 and 104 or 106 and 108. The n-

sense amplifier is used to drive a low digit line to ground. The p-sense amplifier

15 includes a cross-coupled pair of p-channel transistors 234, 236 and is used to

drive a high digit line to the power supply voltage.

[0006] An input/output device for the array, typically an n-channel
transistor 240, 242, passes the voltage on the digit line 162, 104 or 106, 108 for
the selected cell to an input,/output line 244, 246 for communication to, for

20 example, a processor of a computer or other electronic system associated with the
DRAM. In a write operation, data is passed from the input/output lines 244,
246 to the digit lines 102, 104, 106, 108 by the input/output device 240, 242

of the array for storage on the capacitor in the selected cell.



the selected cell to an input/output |line 244, 246 for comrunication to,
for 20 exanple, a processor of a conputer or other electronic system
associated with the DRAM In a wite operation, data is %assed fromthe

i nput /out put |ines 244, 246 to the digit lines 102, l16%t°b40805 108 by the

I nput / out put device 240, 242 of the array for storage on the capacitor in
the selected cell. 11 Cctober 2005 3 [ﬁOO?] Each of the conponents of a
menory device are conventionally formed as part of an integrated.cifcuit.
To nore effectivel{#00Zk t heEaghef the quﬂcﬁﬁt@grf%ﬁWélFY‘ﬁﬂ‘?F%Vﬁ’é"?P@%ry
array may include sub-arrays which may have sense anplifier circuitry
shared anongst tfdsmwslwbpmroﬁmintégnmdlcilncuiteﬁﬁ:meé@lY@Wﬁﬁﬂf—%@rays are
coupled to the sense anplifier 110 through isolation transistors 202, 204,
206, 208, typi Calrbyrafrdciiemahe heaidsy &6 Hay Eleddsublanppeivhich alaghanen

transi stors 202, 204, 206, 208, selectively couple the sense anplifier 110

tothe digit | E%?a%x@ﬁﬁ&'lﬂcz#iﬂ? sfired-Bo Et&l:%ﬂbfaf}&)(r)sa 34 thERety Havieds,

writing operation, IS we known 1 n e art. 0008] The  above

arrangenenf of ghared sense amplifiers is_il/|.ssthat : i ) vel in
FIG 2 andgis c 5t FmFgrcP@:‘#EO%SﬁﬁgﬁWPe ré‘&@éﬁ%"&ﬁ%@% gg%ggrlrsé{)ﬁl n
this schene digit pairs (e.qg., t digit lines) arg interleaved.and run
next to each ot Hémdﬁsizeéa%&w@vawﬁ?@%&mﬁa‘?# BT"&F‘P] WA s a

true and conplenment conbination which is read by and witten to by a sense
anplifier 15 11@angsvets 202, 20k 2069208 seleatively couple tlmzslsec#nnllﬁﬁraﬂw,wéﬁg. 102,
104, is coupled to a nenory cell of a sub-array, each cell including a
capaci t or connedigidireh106@hd 208 or 102 and 104 for a data reading or writing operation,

as is well known in the art.

10 [0008] The above arrangement of shared sense amplifiers is illustrated
on a higher level in FIG. 2 and is commonly referred to as an interleaved folded
scheme. lnlthis scheme digit pairs (¢.g., two digit lines) are interleaved and run
next to each other inside a sub-array 112, 114, Each digit pair forms a true and
complement combination which is read by and written to by a sense amplifier

15 110. Bach of the digits lines, c.g. 102, of a pair, e.g. 102, 104, is coupled to a
memory cell of a sub-array, each cell including a capacitor connected through an
;ccess transistor to the digjt line. Referring to FIGS. 1 and 2, the digit pair 102,
104 is connected to a sense amplifier 110 by a pair of isolation transistors 206,
208. Also, sharing the same selected amplifier 110 is another digit pair 106, 108

20 from another sub-array 114. Digit pair 106, 108 is isolated from the sense
amplifier 110 by isolation transistors 202, 204 during sensing of digit pair 102,
104. As shown in FIG. 1, this isolation occurs, for example, by turning off a pair
of isolation transistors 202, 204 between the sense amplifier 110 and digit pair

106, 108. The interlcaved folded scheme requires that one sense amplifier fit in



access transistor to the digit line. Referring to FIGS. 1 and 2, the digit
pair 102, 104 is connected to a sense anplifier 110 by a pair of isolation
transi stors 206, 208. Also, sharing the sane selected anplifier 110 is
another digit pair 106, 108 20 from anot her sub-arraylPEwbe308pt pair

106, 108 is isolated fromthe sense anplifier 110 by isolation transistors
202, 204 during sensing of digit pair 192, 104. As shown in FIG 1, this

i solation occurs, for e l b urning . off a | i 'éﬁmn
transistors 202,th§6%c%8{§g%ﬁ %X%%'ﬁg a%%Sfuirﬁs'er %%crelac%gedd@g#tatd%al re 106,
108. The interl eaved fol ded _sche equires th ope, sense anplifier fit in
11 Cctober 2005 Sghemqgomks well with *Jég?ﬂeql%%%’c S=Y"Brl§h&6ﬁ%°d%‘HEB§PF°§ys. The
interleaved folded digit line scheme works well with 8F**2 type nenory

cel I's, which ar evithomebalsshemee dlhomame, SEL1R, is deseripsize offthe appa pach memery | 5
descriptive of the area each nmenory cell occupies in terns of the industry
standard "F uni tcsll becupjed @0&ms\abihle éidustrpsandaedSE ynxel’ | arr angenment i s known
as 6P**2 cells. The 6F**2 cells are different fromthe 8F**2 cells in that

for an ingerl eavefbobﬁ ded AGRAIKEkRow:E BefhoRf el abdaffendeh iskifiwnfds GFF L 0 t he
width of two (2) digit lines rather than wthin the space of four (4)

digit lines as N SE** k@ * YnCell's can be
utilized with t%@g%ﬁ%ﬂ%%&%gﬂﬁq%% Pheli i HRERA 1, this may
require extrenely tigh Sj rul es or di,t ,onal .ij.ntercan CleSy

Ther ef or e, therg@?@é@?ﬁ%ﬁ"f’%ﬁ%ﬁﬁ?@%#@%fﬁ%‘gtﬁ c“&ﬁ%ﬁ’fler schene
| ayout which is better suited for 6F**2 mem)rfy cells, . SUMVARY OF THE1

| NVENTI ON (2) digit lines rather than within the space of four (4) digit lines as are used wi

8F**2 cells. While 6F**2 memory cells can be utlized with the same sense
10 amplifier layout shown in FIG. 1, this may require extremely tight design rules or
additional interconnects. Therefore, there exists a need for a more efficient sense

amplifier scheme layout which is better suited for 6F**2 memory cells.

WMHHQN
{0010} The present invention relates to a sense amplifier layout for use
15 with 6F**2 memory cells. The layout uses an open digit architecture where digit

lines fed from each adjacent sub array do not share sense amplifiers. This open
digit architecture utilizes a perpendicular orientation of the sense amplifier length
with respect to the digit lines, This layout allows for an efficient memory hr'my
system using 6F**2 memory cells, while avoiding the complexities of

20 implementing an interleaved folded scheme for 6F**2 memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other advantages and features of the

invention will become more apparent from the detailed description of exemplary



[ 0010] The present invention relates to a sense anplifier |ayout for use
15 with 6F**2 nenory cells. The | ayout uses an open digit architecture
where digit |ines fed fromeach adjacent sub array do noé s%gée sense
anplifiers. This open digit architecture utilizes a'p&FPEHA ar
orientation of the sense anplifier length wth respect to the digit |ines.
This layout allows for an efficient nerfory array systemusing 6F**2 nenory
cells, while avoiding the conplexities of 20 inplenenting an interleaved
fol ded schene f emb6fiichry oA Bebbw withBEffER cOEOGRARDNPRNTAS TARIIIRAN NGS
(0011] The foregoing and ot her advantages and features of the invention

w || beconme norggapparent fromthe detailed description of exenplary 11

COct ober 2005 5 enbodi ments provided below with reference to the

acconpanying drawipggej N Whie it S0ddrdiol of b slifenfiic dlaghitd FRlairimery a

schemati c di agram menory - device enploying an interl eaved fol ded

digit line layoyt ,for shared sense Lifiers; [0 IS an
il lustration of ﬁ‘é“%?ﬁ?%‘ﬂ“&%ﬁ%@t%{ffﬁﬁ%f@@?d%t llﬁ;}{oﬁ?é)%k%ﬁéﬁcu% nes in
accordance with an interleaved folded digit line [ayout; [0014] FIG 3 is
an el ectrikal seimeharsic di agram of a menory device fabricated in
accordance w th an exenpl ary enbodi nrent of the invention and 10 incl uding
an open digit arr4p0sghse aRik.iXis en ilastratiogarfarshared sease emphfics apd GIHOR nes
run perpendicular to the length of the sense anplifier;

digit lines in accordance with an interleaved folded digit line layout;

[0014] BIG. 3 is an electrical schematic diagram of 2 memory device
fabricated in accordance with an exemplary embodiment of the invention and
10 including an open digit array sense amplifier arrangement in which the digit lines
run perpendicular to the length of the sense amplifier;
[0015] FIG. 4 is a layout illustration of a portion of the memory device
illustrated in FIG. 3;
[0016] FIG. 5 is an illustration of the open digit architecture in
15 accordance with another exemplary embodiment of the present invention;

[0017] FIG. 6 illustrates a processor system employing a memory

device containing an open digit array sense amplifier arrangement in accordance
with another exemplary embodiment of the present invention;
[0018] FIG. 7 is an electrical schematic diagram of a portion of a
20 memory device fabricated in accordance with another exemplary embodiment of
the invention; and
[0019]} BIG. 8 is a layout illustration of a portion of the memory device

illustrated in FIG. 7.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS



[0015] FIG 4 is a layout illustration of a portion of the menory device
illustrated in FIG 3; [0016] FIG 5 is an illustration of the open digit
architecture in 15 accordance with another exenplary enbodi nent of the
present invention; [0017] FIG 6 illustrates a procdd&torend¥0em enpl oyi ng
a nenory device containing an open digit array sense anplifier arrangenent
I n accordance wth another exenplary ewbodi nent of the present invention;
[0018] FIG 7 is an electrical schematic diagramof a portion of a 20
menory device fabrjopaogd i n Fataahgaoe o thetdiaveingd, hbieredile mefemnge rewmixyds nent  of
the invention; and [0019) FIG 8 1s a layout illustration of a portion of

the memory devi GRephdtk URE ERkRArs] FIE BGiustatePEdAiah: Blagiehl 616 dhiPforRREFERRED
EMBODI MENTS 11 Cct ober 2005 6 10020] Referring now to the draw ngs, where

| i ke reference numrer al han I K t EA& i clrlliﬁﬁt[ st a
schemati c di agr %ﬁ?gﬁgﬁgggggﬁ%ﬁugﬁgg%@}&gﬁyce @P%ﬂrrp oyig%g an open
digit array sense anplifier arrangenent .in Lch the l.ength of e sense
anplifier 110 (s‘ﬁ(‘}‘m ﬁﬁ"r“r%hﬁf) FHit FPpiPer ﬁm(éf’@nwg%ﬁ%&%p%ul ar to
the extending direction of digit lines 102,104 (shown _extendi]\rh% vertically
in FIG 4)5 Si ndBGaf) isipsrrendisniar (o thaexigrding diregtion i gigitlingg L8% 1% nul tipl e
digit lines to the sane sense anplifier 110 (i.e., the sense anplifier 110
i s not shared), (sixomditending eerdcaily or ElGare. Sinte madtipdememor)y fub-artays are

not coupled via multiple digit lines to the same sense amplifier 110 (i.c., the

sense amplifier 110 is not shared), isolation transistors are not needed, unlike the

conventional arrangement illustrated in FIGS. 1 and 2. As shown in FIG. 5, the

10 two digit lines 102, 104 used for the comparisons performed by sense amplifier

110 are taken from two different sub arrays on cither side of a sense amplifier

110. It shou!ld be understood that although isolation transistors 202, 204, 206,

208 (FIG. 1) are not required, they may be included without departing from the

spirit or scope of the invention.

15 [0021] Referring to FIG. 3, equalization of digit lines 102, 104 is

accomplished by connecting them to a common node COM 584 of two n-

-

channel transistors 290, 292. By controlling the voltage at node LEQ 294,
‘which enables or disables n-channe! transistors 290, 292 at the same time,
transistors 290, 292 may be turned on at the same time to couple the digit lines
20 102, 104, at the common mode COM 584, thereby equalizing them. Since the
digit lines 102, 104 are separated by a value equal to VCC, the resulting
potential at the common node COM 584 is VCC/2. A voltage source DVC/2
(e.g., at VCC/2) is coupled through a source voltage clement, e.g., a Vcep

transistor 590 as shown in FIG. 3, to hold the common node COM 584 at



conventional arrangenent illustrated in FIGS. 1 and 2. As shown in FIG 5,
the 10 two digit lines 102,104 used for the conpari sons perforned by sense
anplifier 110 are taken fromtwo different sub arraXi on eitggr side of a
sense anplifier 110. It should be understood that all RSW§H %l ati on
transi stors 202, 204, 206, 208 (FIG 1) are not required, they may be

i ncluded wi thout departing fromthe splrit or scope of the invention. is
[0021] Referring to FIG 3, equalization of digit lines 102, 104 is

acconpl i shed byvcgypetishogld bramndetstéodhaeVicep acesiSohb 38 & mift required, channel
transi stors 290, 292. By controlling the voltage at node LEQ 294, which

enabl es or di SqRRGerNfd\SBRLourEARELSE QEdertPRay BOEsedlin phe 6AFInt | e,

transi stors 290, 292 nay be turned oh at the sanme tine to couple the digit

| ines 20 102, 1qt%ﬁ'{bmadho}x %??8%3%@%%9& wo&g%ugﬁchefo? erésifsi:d}ga t hem

: b 1

Since the digi I'nes re separa y a val ue equal to VCC, the
resulting potentigl at fhe co ngde COM 584 i.5 VCC/ A _vol t age source
DVC/ 2 (e.qg., ﬁ“%&ﬂ?fﬂs}s?f%&ﬁg@?gtyﬂ%%ﬁ%ﬂﬁoﬁ %@H}bd’éa”s?&ﬁ%éﬁséﬂ%rf %ﬁncgnt , e.g.,
a Vccp transistor 590 as shown in PIG 3, to hold the common, node 584
at 11 Octéber Xo@sistprs, youher devices bocombipations §apwn ihthearar OB R85 Fhsi st or
590 is not required, however, and other source voltage el enents may be
used in place ahisconfiguratimnib b tf oultpletdigit lres Weadditionally squalizedgg each
illustrated, for exanple a resistor, a plurality of resistors, a plurality
of transi stors,ctherq@ghishardPibgethef)s tedicalySorRBurke bleipei chdndims (e.gy, Votpher

devi ces or conbinations known in the art. One advant age of

transistor 590) is required to hold the multiple digit lines to the desired voltage ,
(e.g., VCC/2).

10 [0022] FIG. 4 illustrates a single sense amplifier 110 for simplicity. It
should be understood that in actual practice, and as shown in FIG. 5, a plurality
of FIG. 4 circuits would be used for access and control of a memory device 500,

. where each circuit would read /write one data bit on a selected word line. For

example, in a 4 bit data arrangement four sense gmpliﬁcrs 110 of the type

15 illustrated in FIG. 3 would be fabricated and share the RNL_, ACT, C8, COM
and LEQ signals.

[0023] Since the sense amplifiers 110 are arranged perpendicular to the
digit lines 102, 104, extra interconnect spaces become available parallel to the
digit lines 102, 104. The extra interconnect spaces may be used for control

20 signals, power strapping, or local interconnection for other devices.

[0024] FIG. 4 is a top dt;wn illustration of the physical layout of a

portion 500’ of the memory device 500 illustrated in FIG. 3. As noted, the

layout employs an open sense amplifier arrangement with the sense amplifier 110

oriented perpendicular to the extending direction of the digit lines 102, 104.



this configuration is that if nmultiple digit lines are additionally
equalized to each other (e.g., shorted together), then only one source
voltage elenment (e.g., Vccp transistor 590) is required to %8 d the
multiple digit lines to the desired voltage , (e.g. ,119@@)’?)2. 0 [0022]
FIG 4 illustrates a single sense anplifier 110 for sinplicity. It should
be understood that in actual practice, 8and as shown in FIG 5, a plurality
of FIG 4 circuits would be used for access and control of a nmenory device

500, where eaThe §nkCaphplified Ul 0l of SamitefiFI@. HBeledaicalyiquivalenatedksoted wor d
line. For exanple, in a 4 bit data arrangenment four sense anplifiers 110

of the Lype 1Sublairi i@y Bl 6.3 Wi o ulphlted 118 @featistoonar et he
RNL _, ACT, CsS, and LEQ signals. [0023] Sirice the sense anplifiers 110

are arranged per.pendicul ar Lait 1 tirﬁllt' er connect
spaces becone %ﬁ'ﬁ‘.‘%ﬁ‘%’%&riaﬁ%r gﬁf%&’pﬁ%é Wﬁ%@%&@éﬂ agt“extra

I nt erconnect spaces may be used for, control 20 signa ower ,str.appi ng, or
| ocal int erconﬁ%@&i‘@ﬁ% eSS i & direcr ?W{‘E?GE’EF]“ (*;{‘%iG'r g ﬁfé’lf%‘ﬁ&g

il lustration of the physical |ayout of a portion 500'° of the nenory device
500 i | | ust r at et02, 1 0fjeater frompehertop and bettem, tespestielye ippFKy < and B8R 2sense
anplifier arrangenent with the sense anplifier 110 oriented perpendicul ar
to the extendi digecdon é&shbivarverdcalthhin FiGyi4) pérpereiiculd 20 tilength afchodsase 2005 8

The sense anplifier 110 of circuit of FIG 4 is electrically equivalent to
the sense anpimplifRf 114.0Idtkdcoghdctf £, UN0 betweeBthe PRehanOBiNCandittor 2345 110

contains two n-

236 and n-channel transistors 232, 230, respectively, extend in a direction
parallel to the length of the sense amplifier 110 (shown horizontally in FIG. 4)

10 and perpendicular to the extending direction of the digit lines 102, 104. Asa
result, the digit lines 102, 104 may be connected at multiple places along the
interconnects 414, 410, respectively, allowing considerable design flexibility. N-
well 502 includes within it the active area 504 forming the source/drain regions
of the p-channel transistors 234, 236. Likewise, active area 506 forms the

15 source /drain regions of the n-channel transistors 230, 232. The transistors 290,
292 are illustrated between source/drain regions of the n-channel transistors
2.-30, 232 and the node COM (e.g., node 584 on FIG. 3) for selective coupling
of the digit lines 102, 104 during equalization. Input/output devices 240, 242
(FIG. 3) and a source voltage element, ¢.g., 2 Veep transistor 590 (FIG. 3), are

20 omitted from FIG. 4 for simplicity. |

[0025] FIGS. 7 and 8 illustrate 2 memory device 800 constructed in

accordance with another exemplary embodiment of the invention. Referring to
FIG. 7, the device ‘800 places an equalization device 802 between the two n-

channel transistors 230, 232. In doing so, the device does not require that a



channel transistors 230, 232 and two p-channel transistors 234, 236, and
has a |ength which extends in a direction shown horizontally in FIG 4.
The digit lines 5 102, 104 enter fromthe top and bottom respectively, in
FIG 4 and run in a direction (shown vertically in bl@?mhyiﬁg§pendicular
to the length of the sense anplifier 110. Interconnects 414,410 between
the p-channel transistors 234, 236 an® n-channel transistors 232, 230,
respectively, extend in a direction parallel to the length of the sense

anplifier 110 (plaeaify Sftangistobsaddoy 202 afrd $SCOM nbde 684I(FIG, pebeisadfar to the
extending direction of the digit lines 102,104. As a result, the digit

|ines 102, 104 gmuibioROThE Gidichidth 100! 104afi bRlGEmTed e eqhdlizgidzonnect s
414, 410, respecllively, g?‘l 0\/6 ng cons’l%Pe‘ﬂrOAa Iec esl gn exli bi Ieflty. N wel |

502 includes w fhind he agii.ye . ar 504 form the s raipn regions
of the p-channe{jxvfcrcaslr?éia%f%nr%o%g}?@%@.EQL%? \iviég%lgggf?%c %ﬂ%@a’f%rnﬁ t he
15 source/drain_regions of the n-channel transjstors 23 232. . The

transi stors 290YC%?§§%chﬁlwsgﬁéﬂu%%%c@@ﬁ’%éﬂd@a SEPIBGIURE of the
n- channel transistors 230, 232 and the node CO\/Iie.g., node 584 on FIG 3)
for selectsive co¥pmayglsode ustrbrodialil the digis §nasdD2, 1Btk ddsived weltrsgri &t i on.

| nput / out put devices 240, 242 (FIG 3) and a source voltage elenent, e.g.,
a Vccp transi st $CGROd@fgequilizatan as sewvminiRIGe?Z. As notcl) dae abivimagesefirpl i city.
[0025] FIGS. 7 and 8 illustrate a nenory device 800 constructed in
accordance W t hehid@hh ﬁd@ﬁﬁhﬁ@mﬁlﬂ@@&ﬁ%ﬁﬁes%mﬂi&% vaBFed Beb@i ring to

FIG 7, the device 800 places an equalization device etween the two

re- channel tragelsiar 82R04 wdtfer), Il briPoROuoutd Soflt chindl T8g ) 9lcy SOV T

that a 11 Cctober
transistor 590) is required to hold the multiple digit lines to the desired voltage ,

10 (e.g., VCC/2). Also as noted, Vccp transistor 590 is not required for the source
voltage element, and it may also be a resistor, a plurality of resistors, a plurality of
transistors, a combination of these, or other elements known in the art.

[0026] Referring to FIG. 8, a top down view is illustrated of the
physical layout for a portion 800’ of the memory device 800 depicted in FIG. 7.

15 The portion 800" of FIG. 7 illustrated in FIG. 8 includes the digit lines 102,
104, the sense amplifier 110 and the equalization device 802. The equalization
c-l-evicc 802 is located between the interconnects 410, 414 coupled to the digit
lines 102, 104, and is coupled to LEQ on the periphery for selective connection
of the digit lines 102, 104 during equalization. Again, n-well 502 includes

20 within it the active area 504 forming the source /drain regions of the p-channel
transistors 234, 236. Likewise, active area 506 forms the source /drain regions of
the n-channel transistors 230, 232, as well as for the equalization device 802.

[0027] FIG. 6 illustrates a simplified processor system 700 which may

employ RAM devices 708 containing the sense amplifier arrangement described



9 plurality of transistors 290, 292 and a COM node 584 (FIG 4) be used
for equalization. The digit lines 102, 104 can be equalized through the
equal i zation device 802 as controlled by the LEQ signal. A valtage source
DvC/ 2 (e.g., at VCC/2) connected through a source vglltoéﬁ’é’ereqog%rent, e.g., a
Vccp transistor 5 590, may al so be used to hold the digit lines 102, 104 to
a desired voltage, e.g., VCC 2, duri nd”equal ization as shown in FIG 7. As
not ed, one advantage of this configuration is that if nultiple digit lines
are addi ti onal |apdd ted adtht rofeeencti to BIG®R13-§ endy7-8. Pmovessodsystsge?Mer) . t hen
only one source voltage elenent (e.g., Vccp transistor 590) is required to
hol d the nulti gheludds@bihtrdl ipRREssing unftq CTEE) 7120 RAM trRg@ry dévite Z08and VCCT 2) .
Al so as noted, Vccp transistor 590 is not required for the source voltage

el erent, and | (ROBY n@ldfy Boicts 7RERA Rlay aBo Rl libgit/Qlphide) ) Befces?

plurality of transistors, a conBination of t her el enents known

inthe art. [0 ferrin F t.0 Vi QW IS | ed of

t he physi cal ?’3’3%5 ’fdgsrk @%gﬁ‘?%%egogo@fmﬁ?%&ﬂ%?{/& ‘éd\)/?v(?eéobg%hé[g%i cted
in FIG 7, 15 The pqrtion 800" of FI 7 llustrated in Fl 8 i,ncl udes
the digit’linesoRs %W*ﬁ%‘gﬁﬁ%‘é’vé‘%ﬁmise Wldﬁﬂc"éz?ﬁlaf’%ati on
device 802. The_equalization device 802 is | ocated between the

i nterconnects 4R 742 snayalsp be dntegratedogéthenon 4 sipglechip?, 104, and is coupl ed
to LEQ on the periphery for selective connection of the digit |ines 102,

104 during equal i £@2Bpn. AdhhoyghethedidilenGOR hasrtekn dessriRdl asipkdwidingt t he acti ve
area 504 formng the source/drain regions of the p-channel transistors

234, 236. Li ke%ﬁ@mﬁﬁwﬁk@ﬁﬁg@%hﬁfd&y&éﬂe‘n&ﬁﬁgﬂwﬂ&@cjﬂcgﬁgi ons of the

n-channel transistors 230, 232, as well as for the equalization device 802.
invention may also be used for 8F**2 memory arrays and others.

10 {0029] Accordingly, it is to be understood that the above description is
intended to be illustrative of the invention and not restrictive. Many variations,
modifications and substitutions for the structures described and illustrated herein
will be readily apparent to those having ordinary skill in the art. The present
invention is not to be considered as limited by the specifics of the described and

15 illustrated embodiment , but is only limited by the scope of the appended claims.

[0030] What is claimed is:



[0027] FIG 6 illustrates a sinplified processor system 700 whi ch may

enpl oy RAM devi ces 708 containing the sense anplifier arrangerrent descri bed
11 October 2005 10 and illustrated with reference to FIGS. 3- ? ‘%ﬂ'?%
Processor system 700 includes central prUceSS|ng unit (CPU) {5 Mo
menory devi ces, 708 and ROM nenory devices 710, and may al so incl ude

i nput / out pultldMSO)  devi ces 704, 706, disk drive 714 and CD ROM drive 716.
Al'l of the above conponents 5 conmuni cate with each other over bus 718. RAM
menory devices 708 and CPU 712 may al so be integrated together on a single
chip. [0028] Although the invention has been described as providing
benefits for arrays had ingghdtéd drammentogalelvicar camgisint s, the present
invention may al so be used for 8F**2 nmenory arrays and others. 10 [0029]
Accordingly, it is to be understood that the above description is intended
to be illustrative of the invention and not restrictive. Many vari ations,

nodi fications an I .

illustrated her elgtrllsehj‘g%ﬁli3 tsﬁ*se%idfr?{/faé%g%‘?‘%%% %ﬁﬁﬁg@% &&ﬁ&l%i nary skill
in the art. The prese vent.i on not to _be cgonsidered,as Ilnlted by
the specifics of¥¥ gé@%?ﬁﬁ@ﬂ“ﬁﬂ?bﬁ?ﬂ?‘H@fﬁﬁﬂb%EQWﬂ&ﬂp ®lhut i's only
limted by the scope of the appended clains. [0030] What is cI ained is: 11

11 Cctober &85 Clains 1. An integrated circuit nmenory device, conprising:

third and fourth transistors being of the other of said p-channel and n-
channel type;

a first interconnect line connecting said first and third transistors;

a second interconnect line connecting said second and fourth transistors;

an equilization circuit; and

a pair of digit lines coupled to said at least one sense amplifier by said
first and second interconnect lines, wherein said first and second transistors and
said equalization circuit are on a first side of said pair digit lines, and said third

and fourth transistors are on a second side of said pair of digit lines.

2. The integrated circuit memory device of claim 1, wherein said
third and fourth transistors are p-channel transistors and said first and second

fransistors are n-channel transistors.

3. The integrated circuit memory device of claim 1, further
comprising a pair of memory sub-arrays, each containing a plurality of memory

cells, each of said digit lines being connected to a respective sub-array.



at | east one sense anplifier fabricated over a substrate and conpri sing:
first and second transistors being of one of a p-channel and n-channel

type; third and fourth transistors being of the other of said _p-channel and
re- channel type; a first interconnect [ile connecting said f i1¢ SetobfLO0R r o
transi stors; a second_interconnect line connectlng sai d second and fourth
transistors: an4%equiThedntersirdgitcylli memgndeyigsafclam lypdierem sHds coupl ed to
said at |east one sense anplifier by said first and second i nterconnect

| i nes, wher equnligafich ¢irquittcoanissexpaitof seainly semrested nunsisterchayingd i zat i on
circuit are on a first side of said pair digit lines, and said third and
fourth transpmhnsiods et rial s@AROSoSpEeL, Qitesaf shidsiriallplothagidd | i nes. 2. The
integrated circuit nmenory device of claiml1l, wherein said third and fourth

tranSIStOrsuaﬁﬁﬂgmqgﬁpﬂﬁ%ah%g&ghﬁﬁ&{anﬁﬁﬂséﬁﬂd first and second

transi stors are n-channe Istors he integrated circuit menory
device of claiml, further conprising a pair of nmenory sub-arrays, each
containing a plurality of menory cells, each of said digit |ines being
connected to a respectlve sub-array. 12 11, Cctober 2005 4. The integrated
circuit nmemory dévicel ‘néff%?tﬁﬁ?imm?’é‘f)w deyice of glpam; L 3phersin s o i ¢

conprises a pair of serially connected transistors having a compn node at
a serial conmedizaidm guiuitcompaisesatdéastaiaiiransisters qack yarBgoRlAVIng &fsi st or s
receiving an equalization control signal.

source/drain regions, one of said two source/drain regions of each of said

equalization circuit transistors being coupled to a respective one of said pair of

said digit lines, gates of said transistors receiving an equalization control signal.

6. The integrated circuit memory device of claim 1, further
comprising an input/output transistor to selectively control the input and output of
data to and from said at least one sense amplifier, said input/output transistor

coupled to one of said digit lines.

7. The integrated circuit memory device of claim 1, further
comprising a voltage source equaling approximately one-half of a power supply
voltage, said voltage source being coupled to at least one of said digit lines

through a source voltage element.

8.  The integrated circuit memory device of claim 7, wherein said

source voltage element includes a transistor.

9. The integrated circuit memory device of claim 7, wherein said source



5. The integrated circuit nenory device of claim1, wherein said
equalization circuit conprises at least tw transistors, each transistor
having two source/drain regions, one of said two sour ce/ dr ai n re |on2% gf
each of said equalization CI rcwt transi$tors being coupl ed tid Qtober 200
respective one of said.pair said digit lines, gates of said transistors
recei vi ng aﬁ"]é%ﬁ?zﬂ IR | I‘Efﬁu@?éﬁtrfs%?to"sl gnal. 6. The integrated circuit nenory
device of claiml1, further conprising an input/output transistor to
selectively control the input and output of data to and fromsaid at |east
one sense anplifier, said input/output transistor coupled to one of said
digit lines. 7. The iThcdgtcgtacsd dircutuhdmorg ievige dévlane 2pfhedeni smdlthirkiur t her
conprising a voltage source equaling approxi mately one-half of a power

supply vol 4R fourdhdi- %a%ﬁéltt?ﬁﬁlsﬁﬂyﬁﬁ%oﬁﬁbﬂgt £83RBA nb@c.at | east one of said
digit lines through a source voltage element. 8. The integrated circuit

menory device of claim7, wherein said source voltage el enent includes a
transistor. 9. The i ntegrated circuit nenory device of claim?7, wherein

sai d source 13 1 er 2005 volta e ele S 13 eslgtHr 10. The
integrated ci rcw ﬁg ¢ INtRLAP GGt TWPEPEY W&‘Wdiéﬁh&r%f’?l Bd fourth
p-channel transistors are coupled at a commn node. 11. The integrated

ci rcui t nendrdsesend sechannd transistors apheoupled & gicemmesodgnd second n- channel

transi stors are coupled at a common node. 12. The integrated circuit menory
device of claim11, further

12.  The integrated circuit memory device of claim 1, further
comprising a plurality of memory sub-arrays, wherein said at least one sense
amplifier is coupled to two of said plurality of sub-arrays, each of said digit lines
being coupled to a respective sub-array, thereby eliminating the need for isolation

transistors.

13. A memory circuit, comprising:

a plurality of sense amplifiers fabricated over a substrate ecach of
said sense amplifiers comprising:

a pair of p-channel transistors and a pair of n-channel transistors,
said pair of n-channel transistors being asscoiated with a first active area;

a first interconnect line connecting one of said p-channel
transistors with one of said n-channel transistors;

a second interconnect line connecting the other of said p-channel
transistor with the other of said n-channel transistor;

an equalization circuit comprising of at least two n-channel

transistors being associated with said first active area; and



conprising a plurality of nmenory sub-arrays, wherein said at | east one
sense anplifier is coupled to two of said plurality of sub-arrays, each of
said digit lines being coupled to a respective sub-array, there
elimnating the need for isolation transistors. 13. A nennryléﬁg%%FT%MS
conprising: a plurality of sense anplifiers fabricated over. a substrate
each of said sense affaiFqfghigt ingssorpled e caghedispid senss.aOMKE ¢ r ansi stors
and a pair of n-channel transistors, said pair of n-channel transistors
bei ng asscoirespedivelyt tpracéted betwaen said pair o8 p-chatnicl ensistorsrand sadarindine
connecting one of said p-channel transistors with one of said n-channel

t ransi st or s n-chafifs @adsibtoted eaid TR sttandissend dnteexohindty lihbesuoh hiext saifl paai d
p-channel transistor with the other of said n-channel transistor; an

equal i zat i ogrGichGMid (aRIRbIsSOSN 2irdkide@AAid PR oTdEEIRAR! and fadNSAiST O S
bei ng associated wth said first active area; and 14 11 Cctober 2005 a

pair of digii,lhngs aoupled 4.0 2. Al.A8) B 38nse ATRELLILGS. SAgRECt i vel y
connected between said parr Of "p-channe ransi stors and said palr of
n-channel transistors at said first and second interconnect |ines such that
said pair BFTRIEIIHES transistors are on a first side of said pair of
digit lines, and said pair of n-channel transistors and said equalization
circuit are on a second side of said pair of digit lines. 14. The nenory
circuit of claim213, further conprising a pair of

14. The memory circuit of claim 13, further comprising a pair of

memory sub-arrays, cach containing a plurality of memory cells, each of said

digit lines being connected to a respective sub-array.

15. The memory circuit of claim 13, wherein said at least two n-
channel transistors of said equalization circuit are serially connected transistors
and have a common node at a serial connection point, gates of said serially

connected n-channel transistors receiving an equalization control signal.

16. The memory circnit of claim13, wherein each of said at least two
n-channel transistors of said equalization circuit has two source/drain regions,
one of said two source/drain regions of each of said equalization circuit
transistors being coupled to a respective one of said pair of said digit lines, gates

of said transistors receiving an equalization control signal.

17. The memory circuit of claim 13, further comprising an
input/output transistor to selectively control the input and output of data to

and from said at least one sense amplifier, said input/output transistor coupled to



menory sub-arrays, each containing a plurality of nmenory cells, each of
said digit lines being connected to a respective sub-array. 15. The nenory
circuit of claim13, wherein said at |east two n- channel traqiis%ﬁrs 8&
said equalization circuit are serially cornected transistors gtahen AL
common node at serjal . connection point, gates of said serially connected
n-channel t PBHSY Widdigitlioesi vi ng an equalization control signal. 16. The
menory circuit of claim 13, wherein each of said at | east two n-channel
transistors of said equalization circuit has two source/drain regions, one
of said two source/drain regions of each of said equalization circuit

transi stors bei nd8couphemeimorycir@streetdimel 30 Aathef cempdsipgrivolifigesai d digit

| ines, gates of said transistors receiving an equalization control signal.
17. The mengpc&bduatihl afbro%ingitély bde-hhMiol B bweLsIplEVdlhgabaid Viltike out put
transistor to selectively control the input and output of data to and from

said at | eagt, 0E.RE0SGIATR) ol oncSH il FBY HARLRANER LIBIRESh e 0uP] ed Lo

15 11 Cctober ne ‘o I git Iinest menory circuit of claim

13, further foggrising a voltage source equaling approximately one-half of

a power supPidPbitage, said voltage source being coupled to at |east one

of said digit lines through a source voltage elenent. 19. The nenory

circuit of claim18, wherein said source voltage el enment includes a

transistor. 20. The nenory circuit of claim18, wherein said source voltage
19.  The memory circuit of claim 18, wherein said source voltage

element includes a transistor.

20. The memory circuit of claim 18, wherein said source voltage

element includes a resistor.

21.  The memory circuit of claim 13, wherein said pair of p-channel

transistors are coupled at a common node.

22, The memory circuit of claim 13, wherein said pair of n-channel

transistors are coupled at a common node.

23.  The memory circuit of claim 13, further comprising a plurality of
memory sub-arrays, wherein said at least one sense amplifier is coupled to two of
said plurality of sub-arrays, each of said digit lines being coupled to a respective

sub-array, thereby eliminating the need for isolation transistors.

24. A processor system, comprising:



el ement includes a resistor. 21. The menory circuit of claim13, wherein
said pair of p-channel transistors are coupled at a common node. 22. The
menory circuit of claim 13, wherein said ir of n-channel trqnﬁjgﬁqgiogre
coupled at a comon node. 23. The nenory circuit of claim 13, # rtOvET
conprising a plurality of nenory sub-arrays, wherein said at |east one
sense anplifier is codplr&Fs% of said plurality of sub-arrays, each of
said digit lines being coupled to a respective sub-array, thereby

el i minating the need PoRemey|dsyicssoniethty satdprocessar, sad MRy dsyicgy st em
conprising: 16 11 October 2005 a processor; and a nenory device coupled to
sai d processomprisiagd nenory devi ce conprising: at |east one sense anplifier
fabricated over a substrate conprising: first and second n-channel

transistors; first andt kRea@nd sehsehaplidier fabA0SAES bdry substidte sémpridigg:connect
| i ne connecting said first n-channel and said first p-channel transistors;

a second interconnect kNG4S dNAAnS Haflsis@Ond n-channel and said

second channel transistors; an equalilzation circuit; and a pair of digit

lines coupled to said g | gask, 80 SENGS.ANRLI | e by

a first interconnect line connecting said first n-channel and said
first p-channel transistors;

a second interconnect line connecting said second n-channel and
said second channel transistors;

an equalization circuit; and

a pair of digit lines coupled to said at least one sense amplifierby
said first and second interconnect lines such that said first and second n-channel
transistors and said equalization circuit are on a first side of said pair of digit
lines, and said first and second p-channel transistors are on a second side of said

pair of digit lines.

25. The processsor system of claim 24, further comprising a pair of
memory sub-arrays, each containing a plurality of memory cells, each of said

digit lines being connected to a respective sub-array.

26.  The processor system of claim 24 , wherein said equalization
circuit comprises a pair of serially connected transistors having a common node
at a serial connection point, gates of said serially connected transistors receiving

an equalization control signal.



said first and second interconnect |ines such that said first and second
n-channel transistors and said equalization circuit are on a first side of
said pair of digit |Ilines, and said first_and second p-channel_  transi rs
are on a second side of said pair of digYﬁ lines. 25. The prd&é&gg%?i%?
system of claim 24, further conprising a pair of nenory sub-arrays, each
containing a plurality of nenory cells, each of said digit |lines being
connected to a respective sub-array. 26. The processor system of claim 24,
wher ei n sai d equdlli zaThoprocessecnistenceoingeimsed wheprin saidfequaization girgBhnect ed
transi stors having a common node at a serial connection point, gates of
sai d seri al kymprismacicast tivoarsisistoss, sactetaisistordavimng tequabicg/dtdion contro
signal. 17 11 Cctober 2005 27. The processor system of claim 24, wherein
sai d equal i 2afidRNofd CHld tw QIR BB r8diohSeSdach WPsdid BEliShSBeirda@ch _
transi stor having two source/drain regions, one of said two source/drain
regi ons of |.d | .Q0: Cl it i : i.n upled to
o Tespoct i va Dyl e R SRlepg dridsyia pa o St B garl
transi stors receiving an equalization control signal. 28. The processor
system of  cPhHI SASHOTRER ViEsH FRUATREIACOTRbSERTut put fransi Stor £o
sel ectively control the input and output of data to and fromsaid at | east
one sense anplifier, said input/output transistor coupled to one of said
digit lines. 29. The processor systemof claim?24, further conprising a
vol tage source é§ual Thgpmpessoxsysenediclame2yduthafcomppsivgransuppl y vol t age,
sai d vol tage

input/output transistor to selectively control the input and output of data to and

from said at least one sense amplifier, said input/output transistor coupled to one

of said digit lines.

29.  The processor system of claim 24, further comprising a voltage
source equaling approximately one-half of a power supply voltage, said voltage
source being coupled to at least one of said digit lines through a source voltage

element.

30. The processor system of claim 29, wherein said source voltage

element includes a transistor.

31.  The processor system of claim 29, wherein said source voltage

element includes a resistor.

32.  The processor system of claim 24, wherein said first and second p-

channel transistors are coupled at a common node.



source being coupled to at | east one of said digit lines through a source
voltage elenent. 30. The processor systemof claim?29, wherein said source
vol tage el enment includes a transistor. 31. The processor systemof . cl.ai

29, wherein said source voltage el enent iffcl udes a resistor. géF”*ﬁgj&ﬁn
processor systemof claim 24, wherein said first and second p channel
transistors are coupled at a common node. 18 11 Cctober 2005 33. The
processor systemof claim 24, wherein said first and second n channel
transistors are 8dupl dliearocgssopayatem abeleim 34, wipreingeisciastand segendin of cl ai m
24, further conprising a plurality of nmenory sub-arrays, wherein said at

| east one selmsmchbtnpisistoreare @upledpt #dommohwode.of said plurality of
sub-arrays, each of said digit Iines being coupled to a respective
sub-array, thereby elimnating the need for isolation transistors. 35. An
integrated nmenory circuit, conprising: a die containing a processor and a

menory device, sajd rrq{ﬁg I |15 bR %urt %gﬁf -@naepl ﬁﬂﬁ}(; anplifier

fabricated over gh'subs r??oeceg%}lr%fs?%rﬁﬁg%ﬁ??’st a%]r({!os con n-? annel

transistors; .first aqg seconggﬁ:chgfqil %ransistor }ia.firshﬁipgerconnect

line connecPfRGMOLY FErarays: WhRiSaid atlepst Qug sgnse FpRANeT 15 ropledh "8 nsi st or s:
of said plurality of sub-arrays, each of said digit lines being coupled to a

respective sub-array, thereby eliminating the need for isolation transistors.

35.  An integrated memory circuit, comprising:

a die containing a processor and a memory device, said memory
device comprising:
at least one sense amplifier fabricated over a substrate comprising:

first and second n-channel transistors;

first and second p-channel transistors;

a first interconnect line connecting said first n-channel and said
first p-channel transistors;

a second interconnect line connecting said second n-channel and
said second p-channel transistors;

an equalization circuit; and

a pair of digit lines coupled to said at least one sense amplifier by
said first and second interconnect lines such that said first and second n-channel
transistors and said equalization circuit are on a first side of said pair of digit
lines, and said first and second p-channel transistors are on a second side of said

pair of digit lines.



a second interconnect |line connecting said second n-channel and said
second p-channel transistors; an equalization circuit; and a pair of digit
| ines coupled to said at | east one sense anplifier by said first an
second i nterconnect |ines such that said ¥irst and second n-cﬁé?ﬂ‘?gﬂ%erdzoos
transistors and said equalization circuit are on a first side of said pair
of digit Ilines, and said first and second p-channel transistors are on a
second side of said pair of digit lines. 19 11 Cctober 2005 36. The

i nt egrat ed menor $6ci r'Ehg integrated miemoRBcirduwit eftrdmchhither ggmarisipgiar of menory
sub-arrays, each containing a plurality of nenory cells, each of said

di gi t | i nesphiebhmeannnadi-atayispearhrcostaning & plusality af mayorBdellsTerehiait egr at ed
menory circuit of claim35, wherein said equalization circuit conprises a

pair of Ser%ﬁh'ﬂgiﬁ%%‘éh@%ohﬁ&ﬁ&i DladespedBVd fh-Araycommon node at a seri al
connection point, gates Of said serially connected transistors receiving

an equalization control signal. 38. The integrated nenory circuit of claim
35, wherein said equalization circuit conprises at |east two transistors,

each transistor ving.,a. pair .of source/drain. regions,. ong of said two
sour ce/ drain regsgns %ﬁleé“atggfaﬁffir’%%wmcérﬁﬁ'gﬁ%l&wgg"Eli‘ffrélﬂist“ ransi stors
bei ng coupled to a respective one of said pair of said digit |ines, gates
of said equatvatizgiiorcirquimomprises 3 paieplscriglly pomngaigditiaasiplors haviMi # ol si gnal .

39. The integrated nmenory circuit of claim35, further conprising an
common node at a serial connection point, gates of said serially connected

transistors receiving an equalization control signal.

38. The integrated memory circuit of claim 35, wherein said
equalization circuit comprises at least two transistors, each transistor having a
pair of source/drain regions, one of said two source/drain regions of each of said
equalization circuit transistors being coupled to a respective one of said pair of
said digit lines, gates of said equalization transistor receiving an equalization

control signal.

39.  The integrated memory circuit of claim 35, further comprising an
input/output transistor to selectively control the input and output of data to and
from said at least one sense amplifier, said input/output transistor coupled to one

of said digit lines.

40.  The integrated memory circuit of claim 35, further comprising a
voltage source equaling approximately one-half of a power supply voltage, said

voltage source being coupled to at least one of said digit lines through a source



i nput/output transistor to selectively control the input and output of data
to and fromsaid at | east one sense anplifier, said input/output

transi stor coupled to one of said digit |ines. 40. The integrated ne y
circuit of claim35, further conprising &% vol tage source equd?ﬁ%ﬁmﬂﬂﬂBg
approxi mately one-half of a power supply voltage, said voltage source

bei ng coupl 81355 e4M§Teast one of said digit l|ines through a source 20 11
COct ober 2005 voltage elenment. 41. The integrated nenory circuit of claim
40, wherein said source voltage el enent includes a transistor. 42. The
integrated nenory circuit of claim40, wherein said source voltage el enent
includes a resistqr. Z4Be intbgratet neghicry@ftcuieoDElyine 40,ouhdreiafsal saurne35, wher ei n
said first and seccond p-channel transistors are coupled at a commbn node.

44. The i nt ¢k Ae@imBI Nudes AGrintis@f, ¢l ai m 35, wherein said first and
second n-channel transistors are coupled at a common node. 45. The

integrated nenory circuit of claim35, further conprising a plurality of
menory sub-arrays, wherein said at | east one sense anplifier is coupled to
two of said plurglity of, sub-arrays, each of .said digit lines being

coupled to a resgécti@]ée Wifgraled oot %@F%S/Offé’lla}lm at“fh%{f“? Frld SRS £ or
isolation transistors. 46. A nethod of fabricating a nenory device, said
met hod conprpidgeglement includes a resistor.

43.  The integrated memory circuit of claim 35, wherein said first and

seccond p-channel transistors are coupled at a common node.

44,  The integrated memory circuit of claim 35, wherein said first and

second n-channel transistors are coupled at a common node.

45.  The integrated memory circuit of claim 35, further comprising a
plurality of memory sub-arrays, wherein said at least one sense amplifier is
coupled to two of said plurality of sub-arrays, each of said digit lines being
coupled to a respective sub-array, thereby eliminating the need for isolation

transistors.

46. A method of fabricating a memory device, said method
comprising:
fabricating at least one sense amplifier for sensing signals
representing a charge of a memory cell of said memory device over a

substrate; said fabrication performed by the steps of;



fabricating at | east one sense anplifier for sensing signals representing
a charge of a nenory cell of said nenory device over a substrate; said
fabrication performed by the steps of, 21 11 October 2005 prawgﬂw) pjojogst
and second transistors being of one of a ‘p-channel and re cha “‘ig‘e,
providing third and.fourth transi stors being of.the _.other of said p-
channel and n- chBMYAIng Jikst and seaon fﬁaﬂﬂs@ﬁib&ﬂ?& qfso[negrﬁ&pf%apaeltapaﬁéi stors
with a first interconnect |ine, and connecting said second and fourth
transi st or schgmngl @Peecond interconnect line, coupling said at |east one
sense anplifier to a cormon equalization node; and coupling a pair of
digit lines to said aprdwdisp tinkarsidiossh samistbisdeingofdhé dthef of wid pnd second
i nterconnect |ines, whereby said first and second transistors and said
equal i zat i ophdieEar@lecldhndl fypé,st side of said pair of digit lines, and said
third and fourth transistors are on a second side of said pair of digit

| ines. 47. The method, ﬁejrﬁetsiﬁ%gajé%rstfaﬁakmg%@ﬁmrg&htﬂ%mymérwmgach of said

digit lines to nmenory c separate sub-arrays which share a conmon
sense anplifier. 48. The nethod of claim46, further conprising supplying
appr oxi mat elJ>HE hal f of a power supply voltage to said conmon

equal i zati on . ) ) )
connecting said second and fourth transistors with a second

interconnect line,
coupling said at least one sense amplifier to a common
equalization node; and
coupling a pair of digit lines to said at least one sense amplifier by said
first and second interconnect lines, whereby said first and second transistors and
said equalization node are on a first side of said pair of digit lines, and said third

and fourth transistors are on a second side of said pair of digit lines.

47.  The method of claim 46, further comprising coupling each of said
digit lines to memory cells of separate sub-arrays which share a common sense

amplifier.

48.  The method of claim 46, further comprising supplying
approximately one half of a power supply voltage to said common equalization

node.

49.  The method of claim 46, further comprising coupling said digit

lines to a pair of serially connected transistors,said serially connected transistors



node. 49. The nethod of claim46, further conprising coupling said digit
lines to a pair of serially connected transistors,said serially connected
transistors 22 11 October 2005 coupled tQ said equalization qggg gts%%
serial connection point, the gates of saidf seriall y connected o8 s
receiving an equalization control signal. 50. The nethod of Clil ai m 46,
further conpPyrsy (j’%&59@%‘&3%%%Od&iaégtsemrlicﬂ’é%ecf%nHﬂm@d BASSRE B t r ansi st or
having a pair of source/drain regions, each source/drain region being
coupl ed to scriadlypeonéoies wansistirs segeiyingan equplizagion codirelisigialnes, the gate of
said equalization transistor receiving an equalization control signal. 51.
The nmethod of claim46, further conprising coupling said digit lines to an
i nput/output transistor to selectively control the input and output of

data to and fromsgai dTRd mk&Ra %8Rt ISNRLheN Rndrisdie cougling BadmEinod of claim
46, further conprising coupling said pair of p-channel transistors at a

common node,. 53 : L - nrLsi pling said
pair of n- cllllg‘%snfg Iag{.é r%g‘{'ligzltag ? Ig }:r gﬁ%ﬁbﬁﬁlﬁ%ﬁilﬁ%%%%E‘?Z&%hrggﬂﬁgg ﬁg‘gyof cl ai m 46,
further conprising.coupling said at |east .one sense anplifier to two
memory sub- é?qrﬁ‘i/g'%& reﬁpoﬁ‘lll??% cquplegrto geRpEGHvEQNs.© Is?1§>p ir Ogﬁﬁlﬂ of said digit
| i nes being coupled to a respective sub-array. 55. A menory circuit,
conpri si ng: digitdingsathe ggteof said sqealigapen frprsiorTaeH yingEBEIBIEALAR subst r at e
each of said

control signal.

51. The method of claim 46, further comprising coupling said digit
lines to an input/output transistor to selectively control the input and output of

data to and from said at least one sense amplifier.

52.  The method of claim 46, further comprising coupling said pair of

p-channe! transistors at a common node.

53.  The method of claim 46, further comprising coupling said pair of

n-channel transistors at a common node.

54,  The method of claim 46, further comprising coupling said at least
one sense amplifier to two memory sub-arrays of a plurality of memory

sub-arrays, each of said digit lines being coupled to a respective sub-array.

55. A memory circuit, comprising:

a plurality of sense amplifiers fabricated over a substrate each of said



23 11 Cctober 2005 sense anplifiers conprising: two p-channel transistors
and two n-channel transistors; a first interconnect |ine connecting a gate
of one of said p-channel transistors with a a gate of one of ?%gb 005
n-channel transistors, said first interconnect |ine being sudtERPFA IOy

| i near; a second i%er connect |ine connecting a gate of the other of said
p-channel £YRASOHIFS RMPRSREgat e of the other of said n-channel
transi stors, said second interconnect |ine being sushstantially |inear;

and a pair of di §¥e ptahaerel genyisters ang twgdrchgpnel $j28sisFse anplifiers such
that said two p-channel transistors are on a first side of said pair of
digit lines, andadastdnteronnestdinenomiectingagitstofose af midbp-chamwetond si de of
said pair of digit lines, and said pair of digit lines are coupled

or t hogonal | yrah@stbRSHECH b \s@teloToAE 6OEHIE alchhirte frandbéiors§ied Mesrory circuit of
claimb55, further conprising an equalization circuit for equalizing said

pair of di gifedbiifs: lir?gbeiﬂ_é‘ﬁuﬂﬁﬂﬂﬁll' ﬁlilgag’uit of clains 56, wherein said

equalization circuit conprises a palr of serially connected transistors
havi ng a common node at. a serial connegction poi.nt, 1he gat.es ,of said
serially connect 8&6%‘%“3625‘35%"8?%“?1888?'%685% %\ﬁatg(ﬁ'aﬂﬁ ofg?rioggalgéjﬁ?}}agpasi gnal .
58. The nenory circuit of claimb56, wherein said pair of transistors of

sai d equal i Fabsigprseyitey ate gf thether of seid nrehapasldragpigtorss §aid speddeory circui't

of claim55, wherein said pair of transistors of 24 11 Cctober 2005
interconnect line being susbstantially linear; and

a pair of digit lines coupled to each of said sense amplifiers such that said
two p-channel transistors are on a first side of said pair of digit lines, and said two
n-channel transistors are on a second side of said pair of digit lines, and said pair

of digit lines are coupled orthogonally to respective interconnect lines.

56. The memory circuit of claim 55, further comprising an

equalization circuit for equalizing said pair of digit lines.

57. The memory circuit of claims 56, wherein said equalization circuit
comprises a pair of serially connected transistors having a common node at a
serial connection point, the gates of said serially connected transistors receiving

an equahization control signal.

58.  The memory circuit of claim 56, wherein said pair of transistors of

said equalization circuit are n-channel transistors.

56.  The memory circuit of claim 55, wherein said pair of transistors of



said equalization circuit have respective gates arranged orthogonally to
the gates of said two n-channel transistors of said sense anplifier. 60.
The nenory circuit of claim56, wherein said equalization cirgxits S g0
said first side of said pair of digit |iné ciupled to said sen&gtober20
anplifier. 61. A nmethod of fabricating an integrated circuit, nmenory device,
said net hoaaléSﬂlﬁqﬁeﬁ%@r%tbweaffSPﬁﬁwgtgareé&gr@néﬁﬁ‘eor@@ﬁe%a@&aﬁm $UFS f or
sensing signals representing a charge of a menory cell of said nenory

devi ce over ohsadbse nahanned sagsistatsraf saidisense apwlifist.med by the steps of,

provi ding two p-channel transistors and two n-channel transistors,
connecting a gate of one of said p-channel transistors with a gate of one
of said n-channel transistors with a first interconnect line, said first

interconnect |ingp beithg iRt 3Rthiabf Yainh BEaTher&ARMNAG LA afof @fr€uif t he
ot her of said p-channel transistors with a gate of the other of said

n- channel t i Wi b | | g.second

i nt erconnecgsacfhlsér?zé ﬁ%s?ﬁl\gﬁeég%ag?g%??gﬁﬁgi}q#?%g%pﬁﬂg%a&gggﬁe%%{ gle%ai r of digit
lines to said at | east one sense anplifier such that said two p-channel
transistors are on a first side of said pair of digit lines, and said two
n-channel transistors are on a second side of said pair of digit |lines, and
said pair of digPt- |idemethod of Gabsicedngsan migstied FyCw gnpBepedavicre said

i nterconnect lines. 62. The nethod of claim®61l, further conprising coupling
each of sai dhethoglidoniprises::t o nenory cells of separate sub-arrays which share
a common sense 25 11 Cctober 2005

fabricating at least one sense amplufier for sensing signals representing a

charge of a memory cell of said memory device over a substrate, said fabrication
performed by the steps of;,

providing two p-channel transistors and two n-channel transistors,

connecting a gate of one of said p-channel transistors with a gate of one of
said n-channel transistors with a first interconnect line, said first interconnect line
being substantially linear,

connecting a gate of the other of said p-channel transistors with a gate of
the other of said n-channel transistors with a second interconnect line, said
second interconnect line being substantially linear, and

coupling a pair of digit lines to said at least one sense amplifier such that
said two p-channel transistors are on a first side of said pair of digit lines, and
said two n-channel transistors are on a second side of said pair of digit lines, and

said pair of digit lines are coupled orthogonally to respective interconnect lines.

62. The method of claim 61, further comprising coupling each of said

digit lines to memory cells of separate sub-arrays which share a common sense



anplifier. 63. The nethod of claim61l, further conprising coupling said
digit lines to a common equalizati on node. 64. The nethod of claim®63,

further conprising supplying approximtely one half of a power suppl
vol tage to said common equalization node?® 65. The met hod ofmﬁllzﬂc %Erlé,bos
further conprising coupling said digit lines to a pair of serially
connect ed tﬁ%‘ﬁiﬁ%rt-ors havi ng a common equal i zati on node at a seri al
connection point, the gates of said serially connected transistors
receiving an equalization control signal. 66. The nmethod of claim 65,
wherein said serially connected transistors are n-channel transistors. 67.
The met hod of cl @&m 6&hewhali®i ¢f Sainds 1S duritadr kymprsing cowdingtsaahndipst ors are
coupled to said digit lines such that said gates of said serially

connect ed t (;aASS Qninét SqiEARAARAL! y coupled to the gates of said two
n-channel transistors of said sense anplifier. 68. The nethod of claim®61,

further conprising coupling said digit |Ilines to an equalization transistor
having a pair of source/drain regions, each source/drain region being

coupled to a respecti one o i.d pair of said .digit 26 11 Cctober 2005
lines, the gate gﬁ sai 3@&&3@4&&%%&%fl&#ﬁrg?wﬂﬁ&%gmlw&gan equal i zati on

control signal. 69. The nethod of claim61l, further conprising coupling
sai d di gi t @pproximately one half of a power supply voltage to said common equalization

node.

65.  The method of claim 61, further comprising coupling said digit
lines to a pair of serially connected transistors having a common equalization
node at a serial connection point, the gates of said serially connected transistors

receiving an equalization control signal.

66.  The method of claim 65, wherein said serially connected

transistors are n-channel transistors.

67. The method of claim 66, wherein said serially connected
transistors are coupled to said digit lines such that said gates of said serially
connected transistors are orthogonally coupled to the gates of said two n-channel

transistors of said sense amplifier.

68. The method of claim 61, further comprising coupling said digit
lines to an equalization transistor having a pair of source/drain regions, each

source/drain region being coupled to a respective one of said pair of said digit



lines to an input/output transistor to selectively control
data to and fromsaid at | east one sense anplifier. 70. The
further conprising coupling said pair of p-channe

out put of

met hod of cl aim®61,

t he i nput and

transistors at a conmon node. 71. The netdfod of claim 61, furth&fetober 2005

conpri sing
72. The net

oupling sajd, pair of n-channel transistors at a co n node.
ﬁBﬁﬁe ﬁ r’qﬂljeast

sense anplifier to two nenory sub-arrays of a plurality of nmenory sub-

bie gatap it caurliFation raaSitior FErIinEBLTAYRHERAIOR NP

one

arrays, eachigbdl said digit |ines being coupled to a respective sub-array.

69.  The method of claim 61, further comprising coupling said digit
lines to an input/output transistor to selectively control the input and output of

data to and from said at least one sense amplifier.

70.  The method of claim 61, further comprising coupling said pair of

p-channel transistors at a common node.

71. The method of claim 61, further comprising coupling said pair of

n-channel transistors at a common node,

72.  The method of claim 61, further comprising coupling said at least
one sense amplifier to two memory sub-arrays of a plurality of memory sub-

arrays, each of said digit lines being coupled to a respective sub-array.



