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dynam c ransiomaseess menmory (DRAM enploying a dual port p@eppéefqdg! ! that
supports hidden refresh. 2. DESCRI PTI ON OF THE RELATED ART 10 Sem conduct or

menory devi ces have been wel |l -known for many years. Such devices are
typically one of two types: volatile nenory devices, such as dynam c random
access nenories (DRAMs), and non-vol atile nenory devices, such as static
random access nenories (SRAMs). Non-volatile nenory devices will normally
store data for an indefinite period of tinme once the data has been witten
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cell that supports hidden refresh.

2, DESCRIPTION OF THE RELATED ART

10 Semiconductor memory devices have been well-known for many years. Such devices
are typically one of two types: volatile memory devices, such as dynamic random access
memories (DRAMs), and non-volatile memory devices, such as static random access
memories (SRAMSs). Non-volatile memory devices will normally store data for an indefinite
period of time once the data has been wriiten into the memory cells. The cells are designed

15  such that the electrical charge placed in the cell will remain in the cell mdeﬁﬁitely under
appropriate conditions. The indefinite storage of the electrical charge is an advantage of the
non-volatile memories, however, the memory cell in such a device is generally fairly large as
compared to the memory cell in a volatile memory, and the larger memory cells consume a
larger space on the semiconductor die.

20

Volatile memory devices will store electrical charge only for a very short period of

time, and the electrical charge in the cells must be periodically refreshed. This requirement
of refreshing the electrical charge in each of the memory cells is a disadvantage of volatile

memories, but the memory cell size in these devices is typically much smaller than the cell




2 size in the non-volatile nenories. This difference is cell sizes allows
the placenment of a nuch |arger nunber of volatile nmenory cells within.a
gi ven di e space as conpared to the nunber of non-volatile nmenory celd s

t hat b ithin th di . d '
at can %@bﬁﬁﬁﬂ w thin the sane die space. In nodem %&ﬁgﬁwger

appl i cations, arge anmount of random access nmenory is typic

required or, at |east, desired. Moreover, because of the desire for ever

i ncreasing data processing speeds, greater anounts of random access nenory
have been incorporated within the sanmeqdie with logic circuitry. For
exanpl e, nodem m croprocessors typically include a |arge anmount of on-chip
menory to serve as a cache. As the anount of nenory in an array i ncreases,
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increases, the amount of time required to refresh all the memory cells in the array likewise

10 increases, “stealing” time that might otherwise be used for “read” and *“write” operations.

Efforts have been made to develop a system that would allow DRAM devices to
replace SRAM devices in various cache architectures. A primary goal in those efforts has
been to support greater amounts of cache memory in a system while simﬁltaneously reducing

15 costs. Two reguirements in such a system are that the DRAM cache handle its own refresh
requirements and that the refresh operations be completely hidden, ie., that the refresh
operations are transparent to the user. Prior attempts to design cache parts with DRAM
devices have never completely solved the hidden refresh problem. These attempts have
included wutilizing on-board SRAM to store either a single row of DRAM data or multiple

26 rows of DRAM data such that whenever this data is addressed, the corresponding row or
rows are freed to be refreshed. Mostl of these attempts have constrained the system in

various ways and are not seen as supporting truly random access.

The present invention eliminates or, at least, reduces the aforementioned problems.




3 SUMWWARY OF THE | NVENTI ON The present invention is directed to an
integrated circuit device having a nenory cell for storing a data ]§ng
refresh circuitry for refreshing that data in the nenory cell. In one
illustrati i ment, the device conprises a nmenory cek l@

st orage e|§ﬁ%ﬁ??9§ read/wite access device, and a refres éT %’ gﬂ&EVICE
read/ wite digit line is coupled to the read/wite access device, and a
refresh digit line is coupled to the refresh access device. A sense
anplifier is coupled to the read/wite gdigit |line, and input/output
circuitry is coupled to the read/wite digit line. A refresh sense
anplifier is coupled to the refresh digit line. The 10 invention may be
i npl emented in an integrated circuit nenory device, or it may be conbined
Wi th ot her sem conductor devices, either on a single sem conductor chip,

wthin a single integrated mymﬁgwmmﬁepar ate integrated
circuit packages interconnecC y neans of other eélectrical circuitry. 15
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the second digit line, and de-coupling the menory cell fromthe second
digit |ineh sapgs gpplifesisicanpled tisthe/reatidundte digit line, and input/output circuitry is coupled

to the read/write digit line. A refresh sense amplifier is coupled to the refresh digit line. The

10  invention may be implemented in an integrated circuit memory device, or it may be
combined with other semiconductor devices, either on a single semiconductor chip, within a
single integrated circuit package, or in separate integrated circuit packages interconnected by

means of other electrical circuitry,

15 In another aspect of the invention, a method of operating an integrated circuit device
comprises coupling a memory cell to a first digit line, writing a data into the memory cell
through the first digit line, de-coupling the memory cell from the first digit line, coupling the
memory cell to a second digit line, refreshing the data in the memory cell through the second
digit line, de-coupling the memory cell from the second digit line, coupling the memory cell

20  to the first digit line, reading the data in the memory cell through the first digit line, de-
coupling the memory cell from the first digit line, and periodically coupling the memory cell
to the second digit line, refreshing the data in the memory cell through the second digit line,

and de-coupling the memory cell from the second digit line.



In yet another aspect of the invention, a sem conductor nenory cell
conprises a charge storage elenent, a first access transistor coupled to:

t he charge storage el enent and adapt ed to couple the charge storage

el enment tovpopppdiwite digit line, and a second access h&%gd e coupl ed
to the charge storage el enment and adapted to couple the charge storage 5
element to a refresh digit line. The first access transistor has a gate
termnal coupled to a read/wite word |ine, and the second access

transi stor has a gate termnal coupled 4o a refresh word line. In yet

anot her aspect of the invention, a sem conductor nenory cell conprises a
10 substrate and a serpentine active area in the substrate. First and
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of dynam c random access menory cells enployed in one enbodi nent of the
present i WERL®N; WO 02/ 19341 PCT/ USOL/ 41940 5

In yet another aspect of the invention, a semiconductor memory cell comprises a
substrate and a serpentine active area in the substrate. Fxrst and second parallel digit lines
overlap first and second regions, respectively, of the serpentine active area. First and second
parallel word lines extend substantially orthogonally to the first and second parallel digit
lines and overlap third and fourth regions, respectively, of the serpentine active area. A
generally rectangular capacitor structure is parallel to and overlaying a fifth region of the

serpentine active area between the first and second word lines.

BRIEF DESCRIPTION OF THE DRAWINGS
Further features and advantages of the present invention will become apparent from
the following description of a preferred embodiment of the invention, as illustrated in the
accompanying drawmgs in which like reference numerals generally refer to the same parts,

elements or functions throughout the figures, and in which:

Figure 1 is a schematic illustration of dynamic random access memory cells

employed in one embodiment of the present invention;




Figure 2 illustrates one enbodi nent of the present invention incorporated
with other integrated circuitry on a single sem conductor chip; 5 Figure 3
illustrates a computer systemin which a DRAM devi ce enpl oyi ng thé present

invention igay q Figure 4 illustrates a portion of one enbodi ment of the
present invention in which an open digit |ine array archPCEUSHV4H40s

enpl oyed; 10 Figure 5 illustrates a portion of another enbodi nent of the
present invention in which a folded bit line architecture is enployed; and
Figure 6 illustrates a portion of one ildustrative chip layout in which
dual port DRAM 15 cells are enpl oyed. ile the invention is susceptible

to various nodifications and alternative forns, specific enbodinents
t her eof have been shown by way of exanple in the drawings and are herein
described in detail. It should be understood, however, that the description

herein of 20 s If i .nMen i ot..intended to.limt the. inyention to
the particul ar R'?%Jrrérrgq]c]i]?sé“é oé’glg?ﬁlg%&u%entn"ft (LPIEHHY IypuRon incorporated mith pther ¢

cover all .npdifi.cati.ons, equivalents, and. alternatives falling within the
spirit andﬁgggkgcgynﬁﬁgh@ ﬁq9$9ﬁ§9ﬁﬁq d by the appended clains. WO

02/ 19341 PCT/ US01/ 41940 6 DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS
[l lustrative enbodi nents of the invention are described below. In the

interest of clarity, not all features of an actual inplenmentation are
descriBed in tﬁi‘%‘%ée‘éﬁ“ﬁ%@t%@ﬁmpm wysigm ig Vdﬂch:BLDBélr‘T/Ede\ap@nmploahlgdtbe hat
in the devel opnent of any such actual enbodi nent, numerous

i npl ement d¥¢sepi-iByratips iseseci si ons nust be made to achi eve the devel opers'
speci fic goal s,
Figure 4 illustrates a portion of one embodiment of the present invention in which an
open digit line array architecture is employed;
10

Figure 5 illustrates a portion of another embodiment of the present invention in which

a folded bit line architecture is employed; and

Figure 6 illustrates a portion of one illustrative chip layout in which dual port DRAM

15  cells are employed.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and are
herein described in detail. It should be understood, however, that the description herein of

20  specific embodiments is not intended to limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the invention as defined by the appended claims.




such as conpliance with systemrel ated and busi ness-rel ated constraints,
which will vary fromone inplenentation to another. Mbreover, it wlil:be"
appreci ated that such a develop- nment effort m ght be conplex and

ti me-consunyf§@ydkft woul d nevertheless be a routine 10 “?ﬂ’F kilhg for
those of ordinary skill in the art having the benefit of I scl'osure.
The enbodi nent descri bed herein represents a new DRAM architecture that
supports hidden refresh operations for cache nenory applications. The DRAM
cell utilized in the described enbodi mgnt is a dual port DRAM conpri sing
one capacitor and two access 15 transistors. The DRAM cell is constructed
In such a way that the capacitor is cormmon to the two access transistors.
Each access transistor is coupled between the capacitor and a unique digit
line, allow ng independent access to the capacitor by the two digit |ines.

The ar chi t ec- turemmm*ifﬁmg@méh'mmmﬁwﬁobmnd port for
refresh operations rea ermtted by
way of the secqﬂﬁlmg ) [ea nd.
operations are con uct e %41%@ W%gﬁ%dr &@&egﬁ;@e% glé%f m%eg"f

| t f | if. t.he . t
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cell oy rh d as oci at ed th the _ second 2/ 19341 PCT/ Us01/ 41940 7
Fi gure5e %aﬁgrf? ?@rﬁlﬁ‘?‘wﬁ'ﬁt’ﬂf HYsYsIPPmeR rrabRsipente numerdp| oyed
in one enbo i ment. of t resent |nvent|on IS to be understood at the

out set thaHnP emeniFHon-gpeciic CISMM‘&F Pﬁ%@n EPhlqvélth@éemerSs ispAcifier gagdsl | s

arranged in rows and col umms for accessing selected cells during read and
write opersdeh ansomplinge) avithi systemprefatadopnd busingss-rshatrsldganstgaints 5whishbwill aity such
cells would include conventional address decode circuits, clocking
circuits, froneppeimpigheration tojanother sMortaver, Arvdll é:ddppss:aladﬁlﬁatlsmh adelebpaunber
of other circuits (all not shown) which would be required to support
menory openent ieffiog. might bé epmpleeandrtbaeoénsuming, but would nevertheless be a routine

10 undertaking for those of ordinary skill in the art having the benefit of this disclosure.

The embodiment described herein representsl anew DRAM architecture that supports
hidden refresh operations for cache memory applications. The DRAM cell utilized in the
described embodiment is a dual port DRAM comprising one capacitor and two access

15  transistors. The DRAM cell is constructed in such a way that the capacitor is common to the
two access transistors. Each access transistor is coupted between the capacitor and a unique |
digit line, allowing independent access to the capacitor by the two digit lines. The architec-
ture described herein allows the use of the second port for refresh operations. Normal read
or write operations are not permitted by way of the second port of the memory cell. Instead,

20  read and write operations are conducted via the first port of the memory cell. As a result, the
refresh sense amplifier used by the second port requires no I/O devices. This reduces the

overall area penalty by minimizing the pitch ceil overhead associated with the second port.



I nventi on may be advant ageously enbodi ed as on-chip nmenory, for exanple,
wth a mcro- conputer, or integrated into a nenory chip by itselh,?Whgng
integrated with other circuitry, 10 e.g., logic circuitry, processor
circuitry aggoeiifs] i ke, into a single integrated circuit gE?nﬁBuu&%th'” a
single integrated circuit package, for exanple, a DRAM or her

array may enploy the present invention to great advantage by coupllng

i nput/output circuitry between the nmenory array and the on-chip or

I n-package | ogic or processor circuitrys As a result, the DRAM or other
menory array nmay provi de cache nenory for use by the logic or processor 15
circuitry. Figure 2 illustrates an arrangenent in which a nmenory device 100

usi ng the presemigure il ANGRIOR ghouploP ihinat Bald %Mﬁsﬁaﬁpéeofgg&gtég%%aﬁl%ng or

into a single sem conductor chip 104. The chip 104 inclu

coupl i ng Sérﬂ}ﬂhﬁcdtﬁfﬂleaﬂ?&e%vafnoﬁhﬁﬁm ﬂe&lﬁl%rstd%ldt ¢ ao&ﬁkﬂa{%éracﬁ

menory device 100 may be inplenented In a sem conductor Ipseparate™from
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I ntegrated circuit deques by way of a bus or buses 112. For exa Ie a
DRAM devi cERSP1mRpHier §Hf)‘PF§yd?tﬁémBr3€§@Fﬁt buffers, and jagprmale of otles raisewitsd(
menory controller 114 way of interconnections 116, an 5 |nterconnect|ng

bus 112, Shpyvalk abich, WE‘?JQ bay fRAuised 40 Huppast memone wpetionsyi Faghaothe progint
devices 122, and peripheral devices 124 to forma conputer system 130.
Conbi nat | gR¥engen m@&bﬁ@d&ﬂﬂ@mﬂem@dmﬂ aslonschipambinory, forexample, withamicmnd a
general illustration of such is

computer, or integrated into a memory chip by itself. When integrated with other circuitry,

10 e.g, logic circuitry, processor circuitry and the like, into a single integrated circuit die or
within a single integrated circuit package, for example, 2 DRAM or other memory array may
employ the present invention to great advantage by coupling input/output circuitry between
the memory array and the on-chip or in-package logic or processor circuitry. As a result, the
DRAM or other memory array may provide cache memory for use by the logic or processor

15  circuitry.

Figure 2 illustrates an arrangement in which a memory device 100 using the present

invention is integrated with processor circuitry 102 into a single semiconductor chip 104.

The chip 104 includes leads 106 for coupling signals into and out of the chip 104. Alterna-

20 ftively, the memory device 100 may be implemented in a semiconductor chip separate from
the processor circuitry 102, and the two separate chips may be packaged together in a single
integrated circuit package 104. Again, leads 106 would provide for coupling signals into and

out of the package. A variety of other combinations may also be made.




shown in Figure 3. 10 Returning to Figure 1, the nenory cell 10 utilized in
one enbodi nent of the present invention |ncIudes aread/wite fletdFetfect
transi stor 12 having a source 11A and drain 11B connected in series'**
between a r e digit line 14 and a storage node 15 or age
capaci tor qﬁﬁ%@ﬁ%ugtorage capacitor 16 is connected betmegﬁTﬁ§§g1T@ and a
reference voltage 17 of Vcc/2. The read/wite transistor 12 also has a
gate 13 which nay be driven into 15 conduction by a signal carried by a row
address word line 18 connected to the ggfe 13. The cell 10 also includes a
refresh field-effect transistor 20 having a source 19A and drain 19B
connected i-n series between a refresh digit line 22 and the storage node 15

at capaci tor 1@ikewiS§ with réfelintd &1Pighte0s, RO pdsst HAsntRnIRALE bgjreéﬂﬁb&g%'lay be

driven into conduction by a signal carried by a refresh word |1 ne

connect ed hemérylediRt ¢ 1@ that Aesigné 8 ﬁt&t&ﬁéctioﬁrmp&htm gttte%%&? devi

read/ wite and refresh tranS|stors 12 and 20, respectiv rmaccess

h
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st orage capacit 16 na be constructed u5|ng any suitable technology, and
t he s'? ruct g%d apd, perpheral depices; {24t WHEO@B@P%%MSW $30.1 Qambinations of

t wo-t ransi stor one-capacitor DRAM cell 10 is described briefly as

fol | ows. |'RripEseRsmRoBeRts 1 this fashion oeiwell spasymtand e generah gllesstatiort of swoh is
address to the nenory array is decoded such that a row address S|gnal on
the row acdBPwBinKigwg 3tine 18 is driven to a

10 Returning to Figure 1, the memory cell 10 utilized in one embodiment of the present
invention includes a read/write field-effect transistor 12 having a source 11A and drain 11B
connected in series between a read/write digit line 14 and a storage node 15 of a storage
capacitor 16. The storage capacitor 16 is connected between node 15 and a reference voltage
17 of Vee/2. The read/write transistor 12 also has a gate 13 which may be driven into

15  conduction by a signal carried by a row address word line 18 connected to the gate 13. The
cell 10 also includes a refresh field-effect transistor 20 having a source 19A and drain 19B
connected in series between a refresh digit line 22 and the storage node 15 at capacitor 16.
The refresh transistor 20 also has a gate 21 which may be driven into conduction by a signal
carried by a refresh word line 24 connected to the gate 21,

20

In a preferred form of the invention, the read/write and refresh transistors 12 and 20,
respectively, form access circuits and are N-channel MOS devices constructed to exhibit
enhancement mode characteristics. Of course, those skilled in the art, having benefit of the

present disclosure, may prefer to construct a memory array utilizing a different type of




high logic |evel, wherein the read/wite transistor 12 is driven intoy.-., -
conduction. The refresh word line 24 renmains at a logic Iom/IeveI;’théféby
mai ntai ning the refresh transistor 20 in a 10 non-conducting state. Wth

t he read/ Wigd @ydosgnsi stor 12 in a conducting state, the CpPptidiRioe 16 1S
coupled to the read/wite digit line 14, and a data will be read from or
witten to the nenory cell 10. A sense anplifier and other appropriate
circuitry will be coupled to the read/wite digit line 14 to acconplish
the appropriate read or wite operationg At the conpletion of the read or
wite operation, the row address word line 1S wll resunme a |low 15 |l ogic

| evel, and the read/wite transistor 12 will be turned off, again isolating

t he capacitiafistd A®o, tHee stoRED IcyipaRtbl 1665 hrefumabiy of tign semitoidactdt Grpe Whitle 14.
As is generally illustrated in Figure 1, it is to be understood that a

nunber of eARBRY ¥ high chpacithhce itléfBvaf@lafean. MdvevaCHRANIRLR! @FacitBel6RAPbE he

read/ wite digit Nne 14 and the refresh digit Iine 22 to forma columm of
cells in PRARL I R kre Qbed RIABL 34, 34A
34B, etc. c\%’m&ﬁu be Cg%g%ﬂﬂ%ﬁgﬁ%g ’gn%gd/wri tgg%li git ?‘icﬁ%%%' and a
refresh digit line 32 to formanother colum of cells in the nenory array.
As is illustrated in Figure 1, a nenory cell 10 coupl ed between the

read/ w.ite digit{ line.1l4 d, the refresh digit L 2 i L] .share.a

Fead/ W t o or dbf PRESCE of € o FatsPletySutsrhetitbn DRAM 571 b 3 gl oBefy 2
that is coupl ed b%%meen the read/wite digit _lLine g[)0§{19341

PCT/ US01/ 41 548%E0 Btrspofse i@ 1928 oF 85 eregation of e csB 1091 a3dzess hihe memorpy
menory cells jn sharing digit lines and, word lines and forning, an array is
vel | - unde2ERHBdeeRded a rowAddzEses signal pp thegoy ﬁagrsf»%worfi Mng d8 &Y UGB i t h
one aspect of the invention, the nmenory cell 10 is characterized 5 as

havi ng a highrlegis lgyst twhegein de read/ erite; transistor d3 iy drivea igtgroandyetione Thergfresly.  The
refresh port 26, which is accessed by way of the refresh transistor 20
shown in Fiogditine 24 remains daslogisrlow level, thereby maintaining the refresh transistor 20 in a

10  non-conducting state. With the read/write transistor 12 in a conducting state, the capacitor
16 is coupled to the read/write digit line 14, and a data will be read from or written to the
memory cell 10. A sense amplifier and other appropriate circuitry will be coupled to the
read/write digit line 14 to accomplish the appropriate read or write operation. At the
completion of the read or write operation, the row address word line 18 will resume a low

15  logic level, and the read/write transistor 12 will be turned off, again isolating the capacitor 16
of the memory cell 1¢ from the read/write digit line 14. As is generally illustrated in Figure
1, it is to be understood that a number of memory cells 10, 10A, 10B, etc. will be connected
between the read/write digit line 14 and the refresh digit line 22 to form a column of cells in
the memory array. Similarly, a number of memory cells 34, 34A, 34B, etc. will be coupled

20  between a read/write digit line 30 and a refresh digit line 32 to form another column of cells
in the memory array. As is illustrated in Figure 1, 8 memory cell 10 coupled between the
read/write digit line 14 and the refresh digit line 22 will share a read/write word line 18 and a

refresh word line 24 with a memory cell 34 that is coupled between the read/write digit line




conmmuni cation between the nmenory cell 10 and the refresh digit Iine 22.
Coupled to the refresh line 22 is a refresh sense anplifier 40 (sge Fi.gure

4). The nenory cell 10 also has a read/wite port 28 that is acce seb when
a data in the cell 10 is to be read or witten. The 10 read/wite port 28

i s accessed”BY* M of the read/wite transistor 12 to proPCAUSEHHMMI ca-
tion between the nenory cell 10 and the read/wite digit line 14. Coupl ed
to the read/wite digit line 14 will be sense anplifiers (not shown) for
reading the cell 10 as well as input/o#hput circuitry (not shown) that
enabl es data to be transferred between e nenory cell 10 and a source or
destination outside the array. Sense anplifiers and input/output 15

circuitry thes ur, esare.known in the art, and a. persgn aof ordinary
skill in t%de)gnélrtp? re%%gti f’fi%gi%??t FRBEH L%ﬁ?e‘a?%/ﬁa@%&%,gﬂw &Bﬂ gﬁ%‘iqﬂa be
enabled to implement_ suitable cjrcuitry fqQr such purposes, when

const ruct iwafqﬁwe% Wﬂé‘ﬁ@néﬁﬁfﬁﬂeﬁg‘m@ﬁ@oﬁgé&hﬁ’ﬁw il indhedt-i ng t o
Figure 4, a node 43 of a refresh sense anplifier 40 is coupled to a first
20 refresh digit line 42 by way of an isolation transistor 46. A node 45 of
the refresh sense anplifier 40 is coupled to a second refresh digit line 44
by way of an i Jolagedrdance withsinstagpect8f the finventicmn Itz inemotyr eelisiOsis @haractérized8 i n

the enmbodinent illustrated in Figure 4 are naintained in an "on" state by

appl i cét i oas havinga refogshqorti 26t dedioateé id fefibshiig 4 Geta fothe selll 66), THSRfedh Hdie26,
i sol ati on WD 02/ 19341 PCT/ US01/ 41940 11 transi stors 46 and 48. The

i sol ati on whialnds ate@sseddsy aad of&hs eéfvah tttnsibP 20| showh e Mpeeat,i goviads the
refresh sense amplifier 40. The refresh sense anplifier 40 includes two

n-type tradhﬁitﬁﬁtﬁkfa‘ﬁoﬁ@e@@n@ﬁﬁl&ﬁb?adeﬁ 10%&&9@%&@%1&@1&%2@@&6&1!?&&@968 43

and 45 of the refresh sense anplifier 40. Afirst signal line 68 1s coupled

0y 0o I Afieshine s Sty COMPhAMIM MAGIANSHE | Plemefod M B aidfisa , .,

refresh sense anplifier 40 es t ype tran ors
that are 61]e§:9wﬁfeoﬁﬁf SO §hccessed when a data in the cell 10 is to be read or written. The

10 read/write port 28 is accessed by way of the read/write transistor 12 to provide communica-
' tiﬁn between the memory cell 10 and the read/write digit line 14. Coupled to the read/write
digit line 14 will be sense amplifiers (not shown) for reading the cell 10 as well as
input/output circuitry (not shown) that enables data to be transferred between the memory

cell 10 and a source or destination outside the array. Sense amplifiers and input/output

15 circuitry for these purposes are known in the art, and a person of ordinary skill in the art,
with benefit of the present disclosure, will easily be enabled to implement suitable circuitry

for such purposes when constructing an embodiment employing the present invention.

Referring to Figure 4, a node 43 of a refresh sense amplifier 40 is coupled to a first

20  refresh digit line 42 by way of an isolation transistor 46. A node 45 of the refresh sense
amplifier 40 is coupled to a second refresh digit line 44 by way of an isolation transistor 48.

The isolation transistors 46, 48 in the embodiment illustrated in Figure 4 are maintained in an

“on” state by application of an appropriate potential at the gates 46A, 48A of the isolation



bet ween the nodes 43 and 45 of the sense anplifier 40. A second signal line
70 is coupled to the sources of the two cross-coupled p-type transistors
52 and 54. An equalizing transistor 10 60 is coupl ed between the nodes 43
and 45 of thgoiRbfiesh sense anplifier 40, and two bias tpefgésilapssd 62 and
64 are connected in series and coupl ed between the nodes 43 and 45 of the
refresh sense anplifier. An equalizing signal line 66 is coupled to the
gates of the equalizing transistor 60 and the bias transistors 62 and 64.
A common node between the bias transistprs 62 and 64 is coupled to a power
supply node 63. Other arrangenments and fornms of refresh 15 sense
anplifiers may alternatively be utilized in inplenenting the present

i nvent i on.trahkistoBPRY @480 The ikditionafansistorssangd 8 @hvefl tb tabfile ithd ofeidtish @ 1 N
Figure 4 is as follows. Before a nenory cell 10 (not shown in-Figure 4) is
coupl ed t ah@lela@i sehdndplitiet 40.fresh digit line 42 or to the second refresh
digit line 44, a potential is applied to the equalizing signal 20 |line 66.

I n one enbodi nent of the present invention, the nagnitude of the potential
applied at the line 66 is approximately 2.5 volts, which is a full Vcc

potential . The (foRLA&AIION Bhuldde soRBUEH! Qlo Ay rSINA 3¢ bhY 5B, ! | ne

66, by operation o e equali zing transistor las transi stors

62 d .64, | th | t t,ent i.al th des. 4 45 .of .t h

o S G A Bk 50 hb A 08 98 e Bl RO 0Fee O e 0 SR | e
f h WO 02 341 PCT/ 1/ 41940 1 [ifi, 40 h
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equalizing transistor 60 and the bias transistgors 62 and 64 turn off. At
that ti rre,se%éﬂw@ﬁrr alzg.aclugles (oR-tyPR GAPSITIPS B2 fad @4 Abat gfe alsogossoppled, by
way of its access transistor 20 (see Fi?pre é&, to the first refresh digit
line 42. NstweeA#Henodes 43 44d 45 afdhecssnss amplifigr 4G eA secopd gigpaliling IR iscayplgito | i ne
44 in this exanple. (Alternatively, a nmenory cell 10 will be coupled to the
second r dhe sxwcegiofihe thormsossaouplpd pdypeoransisiors Sk and 54 Ah egualizing(trassistoo t he
first refresh digit line 42.)
16 60 is coupled between the nodes 43 and 45 of the refresh sense amplifier 40, and two bias

transistors 62 and 64 are connected in series and coupled between the nodes 43 and 45 of the
refresh sense amplifier. An equalizing signal line 66 is coupled to the gates of the equalizing
transistor 60 and the bias transistors 62 and 64. A common node between the bias transistors
62 and 64 is coupled to a power supply node 63. Other arrangements and forms of refresh

15  sense amplifiers may alternatively be utilized in implementing the present invention.

The operation of the refresh sense amplifier 40 illustrated in Figure 4 is as follows.

Before a memory cell 10 (not shown in Figure 4) is coupled to either the first refresh digit

line 42 or to the second refresh digit line 44, a potential is applied to the equalizing signal

20  line 66. In one embodiment of the present invention, the magnitude of the potential applied
at the line 66 is approximately 2.5 volts, which is a full Vcc potential. The application of the
potential at the equalizing signal line 66, by operation of the equalizing transistor 60 and the

bias transistors 62 and 64, equalizes the voltage potentials on the nodes 43 and 45 of the

refresh sense amplifier 40. When the voltages on the nodes 43 and 45 of the refresh sense




The charge present in (or absent from the nenory cell 10, when coupled to
the first refresh digit line 42 will upset the bal ance between the nodes
43 and 45 of the refresh sense anplifier 40. A voltage potentialf wi1d < t’hen
be applied irst signal line 68 and, through 10 the action of the
cross-couplae@[)%)-?%;%e transi stors 56 and 58, the voltage difffer8itd*het ween
the nodes 43 and 45 will begin to increase. The signal on the line 68 wll
then be driven to ground before the signal on the second signal line 70
wi Il be taken fromground to a full Vccypotential of approximtely 2.5
volts. Application of this potential to the line 70, through the action of
the cross-coupled p-type transistors 52 and 54, will further anplify the
vol tage 15adplifiee40NeRe MRENRGIMILEE thO9B8a1%0h MRiftosd} %ﬂi\%r oSl
anplifier 40. At that tine, the ref%%gh transfrgét or % getg 45 gufg&[l]?l%of
t he rrerroryecgﬁj,-gn%ws% @&nk Wk fikistor rd4NGry . eharge in the

16 of Y lﬂfl 0, tmﬂrscﬁo o4 .M”J.hatt?mé" g fm9d. The

capaci tor he nenory ce us refreshrng the nenory
ar r angementqof d | gty hi efresh _sense anmplifjer_.
1 ot at e 10 ®GbReh BByt 4l BRIA0 Ry by F B a3 PR a2 sbt pigurean
open digityyli architectuyre,js one in which two digit |ine halves
coupl ed tol)laltdalﬁf:%%tgé??sél‘ﬁ%l&ﬁ%g% qlp?rg?rycﬁg}limgﬁrgecrqu t‘gﬂﬁ sqeand teigeshed
paralleg a d'tig%?‘ien . one a.poth r in the array. Rather, the two digit |ine
hal ves tpafl® PLthis sxampleo (Altgrpatively, 8 memory il L0 wil} b epuipledto the speand
known to thgs cgf, f,rdi nary skill in WO 02/19341 PCT/US01/41940-13 the art,
as many me?‘?&’%‘ 8\ iped4,(vahile no memory R &g iceenlyd tocthe first refresle digitHine 43oner al
arrangenent in the past. Referring nowto Figure 5 another enbodi nent of
t he presenths dhaegsresentiia (on absent frgmd dhe Bemory\giell dA, whémdompktddé ietfirbtirafeesar r ay
architecture is utilized. A folded digit line array architec ture is one in
whi ch two @igigiline| 42nwilh apset sheybalancer betyeeh ihe paiesl43eindadsl ofi dhaeefresh (serise
nearly so) one another, and the two digit |ine halves are coupled to a
sense anpl dnplifier 4&. §.voltagedpdtértinbwill then be applied to the first signal line 68 and, through
10 the action of the cross-coupled n-type transistors 56 and 58, the voltage difference between

the nodes 43 and 45 will begin to increase. The signal on the line 68 will then be driven to

ground before the signal on the second signal line 70 will be taken from ground to a full Ve

potential of approximately 2.5 volts. Application of this potential to the line 70, through the

action of the cross-coupled p-type transistors 52 and 54, will further amplify the voltage

I5  difference between the nodes 43 and 45 of the refresh sense amplifier 40. At that time, the
refresh transistor 20 (see Figure 1) of the memory cell 10 will be turned off, “capturing” a

full charge in the capacitor 16 of the memory cell 10, thus refreshing the memory cell 10,

The arrangement of the refresh digit lines and refresh sense amplifier illustrated in

20  Figure 4 is an open digit line array architecture. An open digit line array architecture is one
in which two digit line halves coupled to a differential sense amplifier during sensing are not
routed paralle] and adjacent one another in the array. Rather, the two digit line halves span

different portions of the array. This arrangement is well known to those of ordinary skill in




source anplifier) during sensing. This arrangenent, sonetines known as a
folded bitline architecture, reduced common node noise effects in sensing.,
The operation of the refresh 10 sense anplifier 80 in Figure 5 is the sane

as the openrghippiusef the refresh sense anplifier 40 in Fi . t he
enbodiment illustrated in Figure 5, a pair of refresh di g?lf%ﬁjlsﬁlg%;ﬂZA and

42B nmay be coupl ed to nodes 45A and 43A, respectively, of the refresh
sense anplifier 80 by way of isolation transistors 46A and 46B,
respectively. A second pair of refresh dggit lines 44A and 44B nay be
coupl ed to nodes 45A and 43A, respectively, of the refresh sense 15
anplifier 80 by way of isolation transistors 48A and 48B, respectively. In
t he enbodi therit, as langtmahes devickd g e nfany WeAMaddvades P BAveORBIzad HAH ghiferal
performed, either the pair of refresh digit Ilines 42A and 42B w [l be
coupl ed t carfdgerh@: iehb pasgnse anplifier 80 or the pair of refresh digit
lines 44A and 44B will be coupled to the refresh sense anplifier 80. In
general, both pairs of refresh digit lines will not be coupled to the
refresh sense anplifier 80 at the sane 20 tine. Referring now to Figure 6,

a layout of a : wf&egl i . Is i

i1 ugt rat ed. Tﬁhﬂ:’é’g %ﬁvor 1S atnﬁtgsj;%%l}ogg%éngﬁ%%é?fe%%%rlﬁegﬁglg#s lﬁ'%ga%gnor y
cell, nd .t ement may. be coupl.ed. t regd/iwrite digit |ine
02 o o A E RN ARERY TR et 3 BIER B PSE Bt st ethieres o1
and 93, respectively.. The ific structure of the capagitor 90 ake a
Uber " of RS B hiet i, M e i Ry e S prcalel 808 et o de )
conmb structure,  or her Iar]dard capacitor_structure. A "capacitor over
bitline" t‘ﬂ’(‘?f‘?ﬂ%tlhﬁ"g?mg 65}”°§Jlgﬂt| jngdalyseare counled foasenseaaplifisr ¢y adiffensatial

enpl oyed. A read/w.ite word Iine 96, when activated, will 5 coupl ed the

menory cel3ousse amplifigy) dugpg sepsinge Hhiyatrangementy someiiassdaiova a5 highing | i ne

98, when activated, will couple the nmenory cell 90 to the refresh digit
| i ne 94, architecture, reduced common mode noise effects in sensing. The operation of the refresh

10 sense ampliﬁér 80 in Figure 5 is the same as the operation of the refresh sense amplifier 40 in
Figure 4. In the embodiment illustrated in Figure 5, a pair of refresh digit lines 42A and 42B
may be coupled to nodes 45A and 43A, respectively, of the refresh sense amplifier 80 by
way of isolation transistors 46A and 46B, respectively. A second pair of refresh digit lines
44A and 44B may be coupled to nodes 45A and 43A, respectively, of the refresh sense

15 amplifier 80 by way of isolation transistors 48A and 48B, respectively. In the embodiment
illustrated in Figure 5, when a refresh operation is performed, either the pair of refresh digit
lines 42A and 42B will be coupled to the refresh sense amplifier 80 or the pair of refresh
digit lines 44A and 44B will be coupled to the refresh sense amplifier 80. In general, both
pairs of refresh digit lines will not be coupled to the refresh sense amplifier 80 at the same

20 time.

Referring now to Figure 6, a layout of a dual port DRAM cell useful in the present
invention is illustrated. The capacitor 90 is the storage element portion of the memory cell,

and that storage element may be coupled to a read/write digit line 92 or to a refresh digit line




As can be seen, in the enbodinent illustrated in Figure 6, the nenory cel
requires a space of approximately four feature sizes by four feature;.
sizes, resulting in a sixteen square 10 feature size nenory cell. The ~
menory cel | i ained within the four dashed Iines 100 j Figure 6. In
this conteffp%g?gggature size" is approximately the mﬁdthpggnngggg i ne or
digit line, for exanple, or the wdth of the spacing between two adjacent
word lines of two adjacent digit lines. As is readily apparent from Fi gure
6, the capacitor 90 is constructed and ;gituated between adjacent word
lines, e.g., word lines 96, 98. In the illustrative enbodi nent 15 of Figure
6, N+ active areas 102, 104 wind serpentine-like through the array. For

exanple, 4412 Mot kP IR RGPLORY MK SREKS shRGuRUNAL Liballor WlndPrakdld the

N+ active area 104 intersects the contacts e ‘acc
transi st or Syfier 9f acdehb @B SN Snchih if'@ EL@u )g,tg%gu%lo ated at those
poi nts where the \?\%rg Pflénes (e.cé%?n%gorr | hlgtg g%ckl ovet T?O&bb %ﬁ'{fhﬁﬁ’ or
active are ( ' eas« 102.. 104) .. Thi, rrangenent .of a
ser pent i ne&gegtsra\?gargréé%ac%} &%@uﬁél (REFFRGO %5’&}19\? itF‘gm:Q rE PRt
lines 92, 94, .and alternating read/wite apd . refresh rd lines 96, 98,
al | ows t hecag%cf@f rﬁ@ﬂoﬁ%yotfm%g? 81’18?0?%I & @%&&BWM@%%IWWt%ﬁVM: illyel y
| arge c paciti¥§$yalue. Dﬁe to the relatively |arge cell area and_
cor r espondioHBief Megremeny £ell; 30 todhe, sead/armitedigit dine O2c whereasmrefiesit wardline 98,
transferred to the refresh digit lines during WO 02/19341 PCT/US01/ 41940 15
refresh optheRiacyated, ilh copple Be apamornertl 30dp the refesh digit lineddassoci ated with an
open digit line array architecture. In one illustrative enbodi nent of the
present invention, a sem conductor menory cell 5 conprises a charge
storage elenment 16, a first access transistor 12 coupled to the charge
st or age el ementAsl@n dndeand apthe émbodimentpillestiated i Rguges, shomageryadelineqiiired 8 t o a
read/wite digit |line 14. A second access transistor 20 is coupled to the
char ge st apagefeppraimatdl§ faurdeatsre sizes by four feature sizes, resulting in a sixteen square
10 - feature size memory cell. The memory cell is contained within the four dashed lines 100 in
Figure 6. In this context, a “feature size™ is approximately the width of a word line or digit
line, for example, or the width of the spacing between two adjacent word lines or two
adjacent digit lines. As is readily apparent from Figure 6, the capacitor 90 is constructed and
situated between adjacent word lines, e.g., word lines 96, 98. In the illustrative embodiment
15 of Figure 6, N+ active areas 102, 104 wind serpentine-like through the array. For example,
the N+ active area 102 intersects the contacts 91 and 93, and the N+ active area 104
intersects the contacts 106 and 108. The access transistors (e.g., transistors 12, 20 in Figure
1) are located at those points where the word lines (e.g., word lines 96, 98) overlap the N+
active areas (e.g., N+ active areas 102, 104). This arrangement of a serpentine active area
20 102, alternating read/write and refresh digit lines 92, 94, and alternating read/write and
refresh word lines 96, 98, allows the construction of a relatively large memory cell with

relatively large capacitive value. Due to the relatively large cell area and corresponding large

capacitive value, a significant charge can be transferred to the refresh digit lines during




adapted to couple the charge storage elenment 16 to a refresh digit |ine 22.
The first access transistor 12 has a gate termnal 13 coupled to a _
read/ wite word line 18, and the second 10 -access transistor 20 has agate
t erm nal 2%~§gﬂﬁhgp to a refresh word line 24. In another _illustrative
enbodi ment of the present invention, a seniconductor menof§TUe494onpri ses
a substrate 110, and a serpentine active area 102 in the substrate 110. A
first digit line 92 is parallel to a second digit line 94, and the first
and second parallel digit lines 15 92, P4 overlap first and second regions
112, 114, respectively, of the serpentine active area 102. A first word
line 96 is parallel to a second word line 98, and the first and second

par al | el |4 L.all ggpgﬁl he first
and secon\g@%?%idtpgll%iﬁ?égd 97, %&%ﬁ@%?}%?ﬁé b;éi aggs(%cniand sec%ﬁhgnpglglgllﬁngl
word |ine rlap third and fourth regions 116, 118, respectively,
of the se?ﬂ%ﬁ??%@aﬁ%?ive area 102. A generally rectangular 20 capacitor
structure 90 is parallel to and overlaying a fifth region 120 of the
serpentine active area 102 between the first and second word |ines 96, 98.
A first contact 91 extends between .the first digit line 92 and the first
region 112 of thESJCPHELYF R Yot theguesepnvention, assmicondpttormenaysei ends
bet ween the second digit line 94 and the second region 114 of the

ser penti néORBLYE SHANE S0PEC ASTISHY%. GLETS) apeR fratRr 1heouplsiel e charge
structure 90 may be WD 02/ 19341 PCT/ USOL/ 41940 16 situated over the first
and secondiomegisiemant, 46 andadapied to coupigethe icharge starsge eleomnt 16 Wi a read/waite digit 94
may be situated over the capacitor structure 90. As al so previously

ment i oned ling 8. cfaperond @ccess transisterr2) BConpled totherchaxe atasgecdement UGtandds a
conb structure or any other suitable capacitor structure. The serpentine
active ar edapi@Pto donplehie thargesitorage elempitoldi tomnefreshadipit line 22 2 ThbHirstaccess
serpentine active area. The particul ar enbodi nents di scl osed above are

i || ustrat itaesisiod J2 hassa ighe teimvi@slt 130&bupled to a read/write word line 18, and the second

10 - access transistor 20 has a gate terminal 21 coupled to a refresh word line 24.

In another illustrative embodiment of the present invention, a semiconductor memory
cell comprises a substrate 110, and a serpentine active area 102 in the substrate 110, A first
digit line 92 is parallel to a second digit line 94, and the first and second parallel digit lines

15 92, 94 overlap first and second regions 112, 114, respectively, of the serpentine active area
102. A first word line 96 is parallel to a second word line 98, and the first and second
parallel word lines 96, 98 extend substantially orthogonally to the first and second digit lines
92, 94. Moreover, the first and second parallel word lines 96, 98 overlap third and fourth
regions 116, 118, respectively, of the serpentine active area 102. A generally rectangular

20  capacitor structure 90 is parallel to and overlaying a fifth region 120 of the serpentine active
area 102 between the first and second word lines 96, 98. A first contact 91 extends between
the first digit line 92 and the first region 112 of the serpentine active area 102. A second
contact 93 extends between the second digit line 94 and the second region 114 of the

serpentine active area 102. As previously mentioned, the capacitor structure 90 may be



may be nodified and practiced in different but equival ent manners apparent
to those skilled in the art having the benefit of the teachings h?“ﬁkﬂw“ﬁ
Furthernore, no linmtations are intended 10 to the details of construction
or design ; own, other than as described in the clg| w. It is
therefore gengng?hat the particul ar enbodi nents disclosggqgggeéLﬁhy be
altered or nodified and all such variations are considered within the scope
and spirit of the invention. Accordingly, the protection sought herein is
as set forth in the clainms below 17 WHd IS CLAIMED IS: | An integrated
circuit device, conprising: a nenory cell having a storage elenent, a

read/ wite access device, and a refresh access device, wherein the nenory

cel | is fosifumdd oferahé BFsPaAY bddBnAdikit (RePIED4] 6} tBe BHDSLA dgiﬁﬂ 1ind'§7 Qyn the
menory cell is approximately four feature sizes in wdth and approXi’'mately

four ~featMiphsiifAfdicNe B8 Skdacit | 8 Girbvibi ; th
read/ wite a)gcess de\(/)i ce; éﬁ gle{?rsgsﬁ 3:,%}: tﬁlﬁ%ogér%‘gh%ﬁqgg%%g%&{cﬁ’gm% ngplaglg%
access deViuEirefo i g j.ne to the read/w,ite access
device; a refr es%ﬁggé%égﬁﬁ%ia%g&g%ﬁ%é%’?o%%&& 2 ?85?1“%%@?3%"@4?/?@@?&5
sense anpl j.f] t.0 the read Lte djgit line; .and an input/aout put
circuit cos{ﬁlfp")l e 'toﬁ%lf]eglgeﬁlgg%?%ﬁetaéeadfdgfnﬁeﬂg&t@m eﬁi"é’ﬂ%’éﬁ"?@ﬁ@@ W NFi fier
havi ng sa first.node coupled to the refresh digit line. 2. The integrated
circui t deVPERISACHTS® A1, wherein the nenory cell conprises a dynanic
random access nenory cell. 3. The integrated circuit device of claima1,
wherein the refresh sense anplifier conprises a pair of cross-coupled

field-effect transistors. ] )
e particular embodiments disclosed above are illustrative only, as the invention

may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended
10 to the details of construction or design herein shown, other than as described in the claims
below. 1t is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as set forth in the claims below.



4. The integrated circuit device of claim1, wherein the nenory cell is a
first menory cell, the refresh digit lineis a first refresh digit |ine,
and the refresh access line is a first refresh access |line, thej ntegraed
circuit device further conprising: a second nenory cell having a storage
element, a read/wite access device and a refresh access device, wherein

the second nenory cell is fornmed on theigerpentine active area in the
substrate; a second refresh digit line coupled to the refresh access device
of the second nenory cell; and a second refresh access |ine coupled to the
refresh access device of the second nenory 18 cell, wherein the second

refresh digit line is coupled to a second node of the refresh sense
anplifier. 5. The integrated circuit device of claim4, wherein the first
and seconWHahif YLAMER IS:eonpri se dynam ¢ random access nenory cells. 6.
The integrated circuit device of claim5, wherein each of the first and
second nenory cells is approximately four feature sizes in width and
approxi mat el y fwﬁntégahmcimuﬁidza'se,icmtlﬁﬁrgt h. 7. The integrated circuit
device of claim.5 n the refresh sense anFllfler [of0) |se$ a pair of
cr oss- coupl ed flé’i'e&m@f?e clfav‘[ngﬁﬁg)f%gf(%‘%g’e"t?m?‘ﬂ FITACREsE d5vass G "devi ce of
claim7, uwdeesselevicd, vehefeiint the rigatbre eﬂDﬁdbﬂh&fil’cﬁSaf'lseEbeﬂhﬂc dctierea 81 L5k 3R | N
an open di ne arra tchitecture. The integrated circuit device of
ol ai 7, e Enediory Pl scARIToB G T R e hhed PR Gen | n
a fol ded fta@te sideb Beledith;ay arch| tecture. 10. The integrated circuit device

of claim7, further conB %
a read/write digit line coupled to the read/write access device;

a refresh digit line coupled to the refresh access device;

a read/write access line coupled to the read/write access device;
a refresh access line coupled to the refresh access device;

a sense amplifier coupled to the read/write digit line; and

an input/output circuit coupled to the read/write digit line; and

a refresh sense amplifier having a first node coupled to the refresh digit line.

2. The integrated circuit device of claim 1, wherein the memory cell comprises a

dynamic random access memory cell.

3. The integrated circuit device of claim 1, wherein the refresh sense amplifier

comprises a pair of cross-coupled field-effect transistors.

4. The integrated circuit device of claim 1, wherein the memory cell is a first memory
cell, the refresh digit line is a first refresh digit line, and the refresh access line is a first refresh
access line, the integrated circuit device further comprising:
a second memory cell having a storage element, a read/write access device and a
refresh access device, wherein the second memory cell is formed on the serpentine
active area in the substrate;
a second refresh digit line coupled to the refresh access device of the second memory
cell; and

a second refresh access line coupled to the refresh access device of the second memory




a first isolation transistor coupled between the first refresh digit |ine
and the first node of the refresh sense anplifier; and a second isol ation
transi stor coupl ed between the second refresh digit |ine and the Second
node of the refresh sense anplifier. 11. An integrated circuit device,
conprising: an array conprising a plurality of nenory cells, each nenory
cell having a storage elenent, a read/wgite port and a refresh port,
wherein at |east a portion of the-nmenory cells are forned on a serpentine
active area in a substrate, and wherein each of the plurality of nenory
cells is approxinat@ﬂw four feature sizes in width and approxinately f our

feature sizes | thlm%ﬁl%thsec dgjaﬁlésﬂldliﬁaltﬁmgfls é’ﬁ&gé }MJ stegonqlngh% oiJ aftlp rl%ﬁbshe%nse

read/wite digit Iine coup to the rea ort east “one of
the plurality of neﬁmwﬁkcells; 19 a plurality of refresh digit lines, each
refresh digit line coupled to the refresh port of at |east one of the
plurality of nmenory cells; read/wite circuitry coupled to the plurality of
read/wité. digi tTHeiimtegated higcuitalgditewfi dadm 4¢ wharcintthre/firsikap s@dnd memegdeat a f r om
and wite dal hgw d&m L&: mof negpry cells; and refresh circuitry
coupled to t ura resh |g|t lines, the refresh circuitry
adapted to refresh data stored inthe plurality of nmenory cells. 12. The

integrated circuyit. devic ei.n t | urali of, menory
cells corgrpri se'a p ‘i]e aé‘ffctlﬂ‘/‘méaevd‘i?r‘i’ghl{fn g\h‘ﬁﬁ €8§@ #&ﬁﬁ‘i“%&@ I“s‘emoIB The
i nt egr at ecels hsrapptobmﬁiﬁaly 6omr Gdatued diedinldidthdind aBproxitialy ol RatbreGizSini 1édgh.

conprises at |east one pair of cross-coupled field-effect transistors. 14.
The integrated circuit device of claim13, wherein a first refresh digit

line of the pl Uhalntdgraed cifceit desde HicBirh 5] Wikedin the réidP ke dfplfiet bonirseode of

the at | east one pair ross-coupl ed
pair ofcg:ross -coupled ff e]cf -eflect transistors.

8. The integrated circuit device of claim 7, wherein the first and second refresh digit lines

are arranged in an open digit line array architecture.

9. The integrated circuit device of claim 7, wherein the first and second refresh digit lines

are arranged in a folded digit line array architecture,

10. The integrated circuit device of claim 7, further comprising:
a first isolation transistor coupled between the first refresh digit line and the first node
of the refresh sense amplifier; and
a second isolation transistor coupled between the second refresh digit line and the

second node of the refresh sense amplifier.

11. An integrated circuit device, comprising:
an array comprising a plurality of memory cells, each memory cell having a storage
element, a read/write port and a refresh port, wherein at least a portion of the_ memory cells are
formed on a serpentine active area in a substrate, and wherein each of the plurality of memory
cells is approximately four feature sizes in width and approximately four feature sizes in length;
a plurality of read/write digit lines, each read/write digit line coupled to the read/write

port of at least one of the plurality of memory cells;




field-effect transistors, and wherein a second refresh digit line of the
plurality of refresh digit lines is coupled to a second node of the at

| east one pair of cross-coupled field-effect transistors. 15. The} : :
integrated circuit device of claim 14, wherein the first and second ré fresh

digit lines are arranged in an open digit line array architecture. 16, The
integrated circuit device of claim 14, Wherein the first and second refresh
digit lines are arranged in a folded digit line array architecture. 17.

The integrated circuit device of claim 14, further cogPrising: a first
i sol ation transiaplwplity efiysiresh digit ligssreagthestrpshrdigit binsrooun) t9ithg reirpshpertgfiat t he

first nodg, ofe &%rgﬁmﬂltﬁggﬁwg, gid.r of cross-coupled field-effect
seco

transistors; and a I sol ation transistor coupl ed between the second
refresh digit | iread/vaiid cir¢yetry enuiplsd &b the plurabify afireadgyrite digtftlinen theeddfwige

Cross- Coutgll ﬁﬂ?r H;SJté?r t@fréaﬁ%tatffoﬂﬂa%'d%ﬂé &ata thhe gﬁur‘ﬁﬁ&@?ﬁneﬁ% c}%ﬁE 3Ling an
i ntegrate cur't nmory device Isin ling & menory cell to a
first digit |ineacfrasheiraiitmy ¢dwpledéntbe ylumélm ofirefrdshy digs dinow the rofesh empe'm i ne

active ar %%%teé‘toa}ef?ééﬁ?ﬁta%%odatdlﬁlﬂ%g 15 of‘m&ﬁcf‘rg@ﬁﬁmy cel | is approximately

four featr SI zes a ppr oXi mately four feature sizes in
length; witing a data into the nmenory cell through t he flrst digit line;

de-coupl i ﬁg t he(;ﬁgglrrqg%at?f clrcultrtglg\]grn:et Q ﬁla%nltr %helg.gl%gl Piur&fl\ir%otc 13 rQ/, cgl the menory

cell to a“secon res ¢dl | t hrough
t he seconahnthrigs ztplhran@,ofdghﬁmﬁompl:lamgcctehendmmcqns.cel | fromthe second digit
line; coupling the nmenory cell to the first digit line; reading the data in
the nenory cell through the first digit line; de-coupling the nenory cel
fromthe f3rst digiiitegratdé cirduitdievice of claim 11, wherein the refresh circuitry comprises at

least one pair of cross-coupled field-effect transistors.

14. The integrated circuit device of claim 13, wherein a first refresh digit line of the
plurality of refresh digit lines is coupled to a first node of the at least one pair of cross-coupled
field-effect transistors, and wherein a second refresh digit line of the plurality of refresh digit lines

is coupled to a second node of the at least one pair of cross-coupled field-effect transistors.

15, The integrated circuit device of claim 14, wherein the first and second refresh digit

lines are arranged in an open digit line array architecture.

16. The integrated circuit device of claim 14, wherein the first and second refresh digit

lines are arranged in a folded digit line array architecture.

17. The integrated circuit device of claim 14, further comprising:
a first isolation transistor coupled between the first refresh digit line and the first node
of the at least one pair of cross-coupled field-effect transistors; and
a second isolation transistor coupled between the second refresh digit line and the

second node of the at least one pair of cross-coupled field-effect transistors.

18. A method of operating an integrated circuit memory device, comprising:

coupling a memory cell to a first digit line, wherein the memory cell is formed on a




periodically coupling the nmenory cell to the second digit line, refreshing
the data in the nenory cell through the second digit |line, and de-coupling
the nenory cell fromthe second digit line. 19. The nethod of claiim<l8,:
wherein the nmenory cell conprises a dynam c random access nenory cell. 20.
The met hod of claim 18, wherein refreshing the data in the nenory cel
through the second digit |ine conprise¥ coupling the second digit line to
a refresh sense anplifier; sensing an electrical charge stored in the
menory cell; and restoring an electrical charge to_ the nenory cell through
t he secon%snm“gretacrrer?éea ip p subsfrate,Aad Hihgredy the meagy rall lweroanrrtt’rhéfquégemurrg t he

data in thag mﬁyanﬁ%bﬂamilmaféﬂg@uﬁt@ﬁurc%%&'ﬂqer%ﬂg' t line conprises: coupling
the second digit lineto a first node of a réfresh sense anplifier;

coupling a ref evetiga ditgynto the memery cgll dueughdhafyrdedigt linshe refresh sense
anplifier; Senéé-&ﬂrﬁng‘[jth@ I.n%fng%%]llﬁlamﬂﬂé ﬁﬂidr%‘th}?@t ween the second digit line
gl

and the reference d ltne;” anplifying t difference in potential; and
pl acing an el ectrqubhrwthehvamgercsﬂtqah@cwmlyhr@el | through the second digit

line. 21 22. Thﬁgﬁéﬁ% %@r@ﬁég@ﬂrﬁé %Eyﬂ&?{ c@ﬁ‘th?«{u ﬁ‘-‘t’hechJEBP 'd%'lxatri&ea plurality of

menory cells, g a st rage a read/ wite port
and a refresh pde-¢oupliesthe mematy deld fom the woontdidigit lofe; t he nenmory cells are

formed on a Ser&’ﬁﬁ#ﬁﬁegﬁﬁmx'eﬁap ckﬁt% E“Qgtrate and wherein each dynam c

random access r OXI na y’four feature sizes in width and
approxi mat el y fmwading thatdstaén the pesorycell through the first digit line;

de-coupling the memory cell from the first digit line; and
periodically coupling the memory cell to the second digit line, refreshing the data in
the memory cell through the second digit line, and de-coupling the memory cell

from the second digit line.

19. The method of claim 18, wherein the memory cell comprises a dynamic random access
memory cell.
20. The method of claim 18, wherein refreshing the data in the memory cell through the

second digit line comprises:
coupling the second digit line to a refresh sense amplifier;

sensing an electrical charge stored in the memory cell; and

restoring an electrical charge to the memory cell through the second digit line.

21. The method of claim 18, wherein refreshing the data in the memory cell through the
second digit line comprises:

coupling the second digit line to a first node of a refresh sense amplifier;

coupling a reference digit line to a second node of the refresh sense amplifier;

sensing a difference in potential between the second digit line and the reference digit

line;
amplifying the difference in potential; and

placing an electrical charge on the memory cell through the second digit line.




|l ength; a plurality of read/wite digit lines, each read/wite digit line
coupled to the read/wite port of at |east one of the plurality of nenory
cells; a plurality of refresh digit lines, each refresh digit |ine ic¢oupled
to the refresh port of at |east one of the plurality of nmenory cells;
read/wite circuitry coupled to the plurality of read/wite digit |ines,
the read/wite <circuitry adapted to read data fromand wite data to the
plurality of menory cells; refresh circuitry coupled to the plurality of
refresh digit lines, the refresh circuitry adapted to refresh data stored
in the pl#kalityhesystasnseypesng:s; a bus coupled to the read/wite

circuitry, the tausarrﬂﬁ@d?ﬁﬁem%q&wrmmaﬂ@&%eﬁs eaéngg{ %Vee Jmaan%gw 'te

circuitry; and a processor led" to t bus’ an rovi dat a
to and ac‘ii@mﬂt,c?atead/ﬁ’ﬂmqrh@daﬂr lreéysh post, whinginsat deasing mrtlem af ﬂneznzemame«rlblame t he

plurality oﬁL d"gm %Wg%rlc ac?xQéTB eh%ﬁ% &b%a‘t'é %ht&’he?& a&{faﬁﬁ‘%‘a@%ﬁ?ss

menory ce system o ereln resh crrcu

conpr i sesmermory geld is appexpudtely ddur featws sizesonptiddh ahd epmenaﬁlfaebt fotir feawiestizps o1 25.

The syst $%%ﬁ claim?24, wherein a first refresh digit line of the plurality
refres I'git lines is coupled to a first node of the at |east one pair

of Cross-cou pI ed pﬁliaéitﬂefeéafmnite tdig'etd'mies eachgemlherita digitdine noupletf to dhreadliverite | i ne

of the pIuraI .t lines.i.s coupled to a second node of the
at | east (5tn°ef"1 léas o%efo cﬂgc %urafj q’fﬁéﬁ"%’&ld effect transistors. 26. The
system of cl ai rmﬂﬁirah\t\j’lﬁrrefrﬂhﬁii‘ﬁ Ifnies, siichaeftess dixitiiie cafpledab tidirgrdsh poriefatar e

arranged | iy o2& of%eprllur(ajllltglo}memoryc ray architecture. 22

read/write circuitry coupled to the plurality of read/write digit lines, the read/write
circuitry adapted to read data from and write data to the plurality of memory cells;

refresh circuitry coupled to the plurality of refresh digit lines, the refresh circuitry
adapted to refresh data stored in the plurality of memory cells;

a bus coupled to the read/write circuitry, the bus adapted to transmit data to and from

the read/write circuitry; and

a processor coupled to the bus and adapted to provide data to and accept data from the

array.

23. The system of claim 22, wherein the plurality of memory cells comprises a plurality of

dynamic random access memory cells.

24, The system of claim 22, wherein the refresh circuitry comprises at least one pair of

cross-coupled field-effect transistors.

25. The system of claim 24, wherein a first refresh digit line of the plurality of refresh digit
lines is coupled to a first node of the at least one pair of cross-coupled field-effect transistors and a
second refresh digit line of the plurality of refresh digit lines is coupled to a second node of the at

least one pair of cross-coupled field-effect transistors.

26. The system of claim 25, wherein the first and second refresh digit lines are arranged in

an open digit line array architecture.



27. The systemof claim?25, wherein the first and second refresh digit
lines are arranged in a folded digit line array architecture. 28. The
system of claim 25, further conprising: a first isolation transistfor ..
coupl ed between the first refresh digit line and the first node of the at
| east one pair of cross-coupled field-effect transistors; and a second

i solation transistor coupled between th& second refresh digit line and the
second node of the at | east one pair of cross-coupled field-effect
transistors. 29. An integrated circuit device, conprising: an array
conprising a plurality of nmenory cells, each nenory cell having a storage

el enent, g ready kf@nPof dait?S, Fhdr&h BRIstRAA LecotYSErEdh i Al 1ide® B3 landndd@%d | ON
of the mam)rcéﬁcel | s"are forned on a serpentine active area In a substrate;

a pl ural i fpldsl digitdine aprax aschitegiute. | i nes, each read/wite digit |ine coupled
to the read/wite port of at |east one of the plurality of nmenory cells, a
plurality of refresh digit lines, each refresh digit line coupled to the
refresh p¥t of The systeaueficlapn@sofirthdrgomprisingt i ty of menory cells; read/wite
clrreul try COU_pI %qirthSOtlﬂﬁﬂQljaHg' ljctc>¥p19cf b%t@@&ltté'n%}st il éhgdiéit Lﬁ ﬁ’thetflﬂ'@t ode
read/wite circuitry adapted to read data fromand wrte data to the
plurality of menoryfthelat Eastoeé pasdef coiss-cuipledfickloeffecethnsistotshandpl ural i ty of
refresh digit i . x < ' it t f stored
m he pl ural i 1yf Eyend a8 il Shiriid debeen BURRE il bl B50WIHE 3] U T
circuitry and adaptsechntl modecafelpt at tkastané ponofanes-coupbedi fobdd-effdcatramsistone

read/ wite circuitry, said data being read fromand witten to the
plurality of nenory cells, wherein the array and the processor are forned
on a single sem conductor chip. 30. The integrated circuit device of claim

29, wherejpn the arra d.the processar. are included within a single
i nt egr at et ci rcmmﬁéfé%aég?““ device, comprising;

an array comprising a plurality of memory cells, each memory cell having a storage
element, a read/write port and a refresh port, wherein at least a portion of the memory cells are
formed on a serpentine active area in a substrate;

a plurality of read/write digit lines, each read/write digit line coupled to the read/write
port of at least one of the plurality of memory cells,

a plurality of refresh digit lines, each refresh digit line coupled to the refresh port of at
lcast one of the plurality of memory cells;

read/write circuitry coupled to the plurality of react/write digit lines, the read/write
circuitry adapted to read data from and write data to the plurality of memory cells:

refresh circuitry coupled to the plurality of refresh digit lines, the refresh circuitry
adapted to refresh data stored in the plurality of memory cells; and

a processor coupled to the read/write circuitry and adapted to accept data from and

provide data to the read/write circuitry, said data being read from and written to the _plurality of

memory cells. wherein the array and the processor are formed on a single semiconductor chip.

30. The integrated circuit device of claim 29, wherein the array and the processor are

included within a single integrated circuit package.

31. The integrated circuit device of claim 29, wherein the plurality of memory cells

comprises a plurality of dynamic random access memory cells.




31. The integrated circuit device of claim?29, wherein the plurality of
menory cells conprises a plurality of dynam c random access Mempry ¢ el l S.
23 32. The integrated circuit device of claim 31, wherein each dynaht
random access nenory cell is approximately four feature sizes in width and
approximately four feature sizes in length. 33. The integrated circuit
device of claim29, wherein the refresmXircuitry conprises at |east one
pair of cross-coupled field-effect transistors. 34. The integrated circuit
device of claim33, wherein a first refresh digit line of the plurality of
refresh digit lines is coupled to a first node of the at |east one pair of
cross-coupl ed fringls téc?&&mthé@&%f%faﬂﬁ 31,30 dreth é@ﬁ@ﬁﬁnﬁ&faﬁ&ﬁ#a&és@'ﬁeﬂowe of
the plurality of refresh digit Iines i s coupled to second node of the at
| east onecefa WPW"@%‘»@JS $oug fgpiretizes ey iliiegndapprorimately @pbfegwre:%ms ipHength.
integrated circuit device of claim34, wherein the first and second refresh
digit lines are arranged in an open digit line array architecture. 36. The
i nt egrat e ci r Ehei integratyi @écwiifde@icapEﬁl@m 29%wberein thet iafseshiciranitra pempriseost deasef r esh

digit li ncﬁétpai%{ecrgsrsrcg ddjﬁél@ _effedt B Aigit line array architecture. 37.
e

The integrated circuit vice of claim34, further conprising: a first

i sol ation tranS| stor coupl ed between the first refresh di g| t I | ne and the
first nodg ofy dcﬁ%ﬁde%?.]@??ﬂ“c%ﬁa 9 wﬁerré) 3 HEQ Ve t% hi siGt tality of
transi stors; a secon 0 on transi s or coup vveen “Ph cond

refresh du'egcs[h dlgmbnand ctupded te ecfomidnade @€ thefat idast ane plaea:sf tcmss}e!oqph:drﬁehf-effect
Cross-co edfleldeffettrnSJ tors.. 38. A sem conduct ar nenor ell,
conpri si ng "Slglml(':shaé]rd gaeseé3 Ibrf'fg St 111§1 %lﬁlf 0? &W@H’aﬁﬁ ‘?%ﬁ?%e‘ﬁ%‘f ﬁgcsalétclo cBPeh in
a subst r ateegndaolé sfahe @desismie paidofdradsavuplal fdlddffécotradsastazhiar ge st or age
el ement and adapted to couple the charge storage elenent to a read/wite
digit line; and

35. The integrated circuit device of claim 34, wherein the first and second refresh digit lines

are arranged in an open digit line array architecture.

36, The integrated circuit device of claim 34, wherein the first and second refresh digit lines

are arranged in a folded digit line array architecture.

37. The integrated circuit device of claim 34, further comprising:
a first isolation transistor coupled between the first refresh digit line and the first node
of the at least one pair of cross-coupled field-effect transistors; and
a second isolation transistor coupled between the second refresh digit line and the

second node of the at least one pair of cross-coupled field-effect transistors.

38. A semiconductor memory cell, comprising:

a charge storage element formed on a serpentine active area in a substrate;

a first access transistor coupled to the charge storage element and adapted to couple the
charge storage element to a read/write digit line; and

a second access transistor coupled to the charge storage element and adapted to couple
the charge storage element to a refresh digit line,

the first access transistor having a gate terminal coupled to a read/write word line, and

the second access transistor having a gate terminal coupled to a refresh word line,




a second access transistor coupled to the charge storage el enent and
adapted to couple the charge storage elenent to a refresh digit;ling, the
first access transistor having a gate terminal coupled to a read/wite word
line, and the second access transistor having a gate termnal coupled to a
refresh word line, 24 and wherein the sem conductor nenory cell is
approximately four feature sizes in wizth and approximately four feature
sizes in length. 39. The sem conductor nmenory cell of claim38, wherein the
charge storage el enent conprises a capacitor. 40. The seni conductor nmenory
cell of clai m 38ndwnheteithe ienaccmﬂmttgeﬂﬁmﬂoy eedlds epipeoramatelyifourifentias sikésist and

second t ed to the first access transi stor
ﬁ&mld%ﬂ%ﬁ)ﬁ%a fobr %estmps lf.qgl%gJ

and to e Seco access transi's or ‘the second term nal coupled to a
vol t age supply source. 41. A seniconductor menory cell, conprising: a
substr at a ser. LV str d second
parallelegiglt fﬁﬁgéhgégﬁ? rmSmg ??8 cm“n SSgggﬁ %F53?§nggu$5§5@gﬁlvely

of the sewppnsisneapgecitone area flrst and second parall el word |ines
extendi ng substantially orthogonally to the first and second parall el

digit lines and overlapping third and fourth regions, respectively, of the
serpenti n4d. act i Vithe a¢miaondacidr megoryeihbf Jaime3s] ahigeih die haiga cofage eldfmentCt ur e

bet ween (REURPAEE: < acend fetingls i ot Semmgcovpld S 3R BStaer ety ol |

of cl ai m #d secodiicedss trhfd @t fdnd Ghel Eond idrimédalécRipled tSd VdlRECGppR\6ircd. he first
and second digit |ines.

41, A semiconductor memory cell, comprising:

a substrate;

a serpentine active area in the substrate;

first and second parallel digit lines overlapping first and second regions, respectively,
of the serpentine active area;

first and second parallel word lines extending substantially orthogonally to the first and
second parallel digit lines and overlapping third and fourth regions, respectively,
of the serpentine active area; and

a generally rectangular capacitor structure parallel to and overlaying a fifth region of

the serpentine active area between the first and second word lines.

42, The semiconductor memory cell of claim 41, wherein the capacitor structure is situated

over the first and second digit lines.

43. The semiconductor memory cell of claim 41, wherein the first and second digit lines are

sitnated over the capacitor structure.

44, The semiconductor memory cell of claim 41, wherein the capacitor structure comprises

a stack structure.

45, The semiconductor memory cell of claim 41, wherein the capacitor structure comprises

a comb structure.



43. The sem conductor nenory cell of claim41, wherein the first and second
digit lines are situated over the capacitor structure. 44. The CFER
sem conductor nenory cell of claim4l, wherein the capacitor structure
conprises a stack structure. 45. The sem conductor nenory cell of claim
41, wherein the capacitor structure conprises a conb structure. 25 46. The
sem conductor nenory cell of claim4l, ¥herein the serpentine active area
conprises an N+ serpentine active area. 47. The sem conductor nenory cel

of claim4l, wherein the capacitor structure partially overlaps the first
and second word |ines and extends beyond the first and second digit | i nes.
48. The Sglg] Conqllﬁgtsé?ﬁlcmﬁa{)ym&ﬁ!)ﬂg Ctgi OICJ ﬁl‘l‘lml %herélglttic@g@ ?I%-BE* cafirst
access transistor conprising an area o ovef st word |ine
and the tdompiisesagiNgrsetpentineacterapant i ne active area; and a second access
transi stor conprising an area of overlap between the second word |ine and
the fourth region of the serpentine active area. 49. The sem conduct or
menory cel4. of cﬂaismnﬁm;ldurct@r trhmmymohpfctlsi'rm@ whcrémnbdcapmﬁbaﬂtucmxdmndillpg

bet ween th i ISt t e flr n.o he se ine active
area; and acrisa c%’nd’d‘%%ﬁ sec?“ rQﬂ BXtFr\lAégry gﬂg’ sg%tdﬁdsedf’ q@g'lt"ﬂeé and the
second region of the serpentlne actlve area. 50. The sentconductor menory
cell of clgim4l,. wherein the nmenor |l js.approximately four feature
Sizes in vittith oV SBSPELeRREERGRTatel dam Al Bl E engt b,

a first access transistor comprising an area of overlap between the first word line and

l

the third region of the serpentine active area; and
a second access transistor comprising an area of overlap between the second word line

and the fourth region of the serpentine active area.

49, The semiconductor memory cell of claim 41, further comprising:

a first contact extending between the first digit line and the first region of the serpentine
active area; and

a second contact extending between the second digit line and the second region of the

serpentine active area.

50. The semiconductor memory cell of claim 41, wherein the memory cell is approximately

four feature sizes in width and approximately four feature sizes in length.




