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1. Field of the Invention The present invention rel ates
to the field of nenory devices; nore particularly, the present

i nvention relates to a nmethod and apparatus for performng bit
cell ground choking to inprove static random access menmory ( SRAM
write margin. A METHOD AR APPARABIS BOR Re| at ed Art

Static random access nenory ( SRABRIr CElll erEOURDETOKINGD to reliably

retain their value during al; as ogerailon b&&aw an accept abl e read
stability margin and to rel iFSR gawrlte _
operation by havi ng accept able wite margin. FI G
1 illustrates regg, ‘01;" art SRAM cell. An

SRAM cel | has a b . node. Wet her the val ue of
the bit stored is a Iolgflc 1Ei§lﬂ_¢_mglmmaone of these nodes will be

storing a gt'h‘e &eseﬁﬁﬁﬁeﬁﬁcﬁa%iaté#ouéde{d%ﬁﬁé& §hdecal on

t he node that stores ogl C | owm n ustratlon Is the
case where the b,gargqt%arbaﬂ}e@rgsepb@ygnuonrelatestogmetlw tmatapmt@s @he bit node

is alogic O and gekforiirg Hitdell@6nd choRingQd irfiprbve static randomidep&yer, simlar

anal ysi s applies to t he SW?ar node.when the bit stored is - a
| ogi c 1. g d operation, the bit line (BL) colum
and bit |ine bar (BL#) colum are initialized to a logic 1. The

word line (W) bus is @ gé rn on a transfer gate
(transistor T[err]) such th i ttﬁéi b ATt begins to be
di scharged through a first pull down device (transistor T[err]).

\é\h' le the BL col um i sghgi Hﬂﬂ@n‘rﬁ%@é Hﬁﬁlo (’;Eé!%earé‘ﬁcﬁ ol }elﬁﬁﬂre 1S
eterm ned by the ratio, of e resi st ance of transistor err] and-t he
resi st ance retain their value during a read operation by having an acceptable read
stability margin and to reliably modify their value during a write operation
by having acceptable write margin.
FIG. 1 illustrates read stability margin in a prior art SRAM cell. An
SRAM cell has a bit (B) node and bit bar (B#) node. Whether the value of
the bit stored is a logic 1 or a logic 0, one of these nodes will be storing a
logic 0. Read stability is typically more critical on the node that storesa
logic 0. The following illustration is the case where the bit stored is a logic
0. In that case, the bit node is a logic 0 and the bit bar node is a logic 1.
However, similar analysis apphes to the bit bar node when the bit stored is
alogic 1.
During a read operation, the bit line (BL) column and bit line bar
(BL#) column are initialized to a logic 1. The word line (WL) bus is
asserted to turn on a transfer gate (transistor T, ) such that the BL column

begins to be discharged through a first pull down device (transistor Tpd).

While the BL column is being discharged, the voltage at the bit node is
determined by the ratio of the resistance of transistor T, and the resistance
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t he i nputwodskssyssecond pul | down devi ce (transi 2CHAUSTIR2H )
whi ch begins to turn on at a voltage V[err]. If the vol t age at

the bit node exceeds V[err], the voltage at the bit bar node is pulled
down thereby corrupting the data within the SRAM cell by flipping the

val ue of the bit stored. In order to inprove read
stability margin, the voltage at the node storing the logic O
shoul d be reduced and/or the V[err] voltage should be I ncreased.

In order to lo VGeht a A . bi resi f

transi stor 'Tpdvgﬁ%%ril%t%ﬂmg}egmq%ﬁ 4‘%"@32’@’&’6[“;@8 sgﬁdéﬁ&%g?@?@nce of
transi stor T[ er givi i 0 i,mﬁdhq;é?ﬁ,' k e, el €si stance
of a ?%Va{%és(li‘??%%%fr?é}pr)] shou dsggﬁlnﬁggga{sg?qlag&ﬁﬁﬂprgs}gect to the
resi stance of voltage at thetbitarode sxmdsWE{tpl; the voltage at the bit bar node is|pille®
illustrates wite margin in a _prior artt SRAMcell. Wite mar gi n,
unli ke read st aBownherehyragrmyptingthe gatawithin theiRAMcelliby £lipping theée node

that stores a | Qa6 oftthe bixetdred! oW ng illustration is the case where the bit
stored is a logic 1 ?nd a wite logic Qperatjotrgqcis being perfornmed. In .

t hat case, 1# Aueptoimpgeye read stahility margingthe ygltageat yenadie pit bar
node is initial kwriﬁgthégbgicoshouldbemdhccd‘wmhevgliigwlﬁge@ﬁ@lwb&s applies to
the bit bar node when the bit stored i logic O and a wite

| ogi ¢ 1 oper at i ineréasedsdinrogdgrde layvarght: voltage of the bit node, the msistangeef wite | ogic
O operation, th Is PN 4 Gnd j ; a logic 0 and
bit line bar (BL# lgé%’{mh%?d)cﬁeﬁ%n todla oig':;e}(’g&i.toq!ﬁées\l/\%arngagf l'i ne
(W) bus is asseuhsisionT,.t Inrdrderto incréade tHeeV .0 alohagd, denesistuade offacr r] ) such

t hat the voltage at the bit node fs determ ned by the ratio of
the resistance &pusistor Ty, should bemadessnall witk raspecs teitheifesistangeof ance a fi r st
pul | up device grt,ragéxi‘,\ﬁtpr Tpu). The bit node is also the input
to the second pdffs trigevi ce (transistor T[err]) whi ch turns

of f when the voltage | LS el RISVl Write! N
Fﬁ&.iﬁﬁs@%tésﬂ'ﬂ%nbxg?htﬁﬁ?ﬁ\%‘ et gﬂ,%tlet bar node

order to successfully wite the_ _logic 0, : tage at th
nust pargin, yndike madistability margin.is fepioally mare critical op the nadedi £ fi cul t
because the Nnonthat stores a logic 1. The following illustration is the case where the bit - 2-

stored is a logic 1 and a write logic 0 operation is being performed. In that
case, the bit node is initially a logic 1 and the bit bar node is initially a logic
0. However, similar analysis applies to the bit bar node when the bit stored
is a logic 0 and a write logic 1 operation is being performed.

During a write logic 0 operation, the bit line (BL) column is driven
to a logic 0 and bit line bar (BL#) column is driven to a logic 1. The word
line (WL) bus is asserted to turn on a transfer gate (transistor T,) such that

the voltage at the bit node is determined by the ratio of the resistance of
transistor Ty and the resistance a first pull up device (transistor Tp,,)). The

bit node is also the input to the second pull down device (transistor Ttrip)
which turns off when the voltage of the bit node is below voltage Vtrip~ In

order to successfully write the logic 0, the voltage at the bit bar node must
be pulled down below voltage Vtrip- This can be difficult because the non-
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typically increases as the voltage drop
In order to inprove wite nmargin,
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resi stance of transistor T[err]
across it decreases.
the voltage at the node storing the

logic 1 should be pulled |ower and/or the V[err] voltage shoul d be higher.

As in the case to inprove read stability,

the resistance of transistor

Tlerr] shoul d be nmade small with respect to the resistance
transi stor T[errli i n order _ to increase the Verr] voltage.
However, unlike tineargesissancs of ranpsiger Fehygrically increases agithe,yeliage drop, e

resi stance of transis#gr Tlerr] should be nade large with respect to
FarhF

the resistance of“PrY
acr oss

should be mnim z one assumes

nce o

s"I'[err] in order to |lower the voltage drop
t r ards osdento ifjprove write margin, the voltage at th¢ nodersiening the i npr ove

speed, the resi 55@_&?;@&1& B@gﬁﬁ&iﬁ{vé{ %}g?&{‘h?a V&é%l%ﬂge should bfrfn;ﬁhr@ﬂdi l[ err]

mnimzed for spegdn tieade flindprove téad Stailiee trtregisienced GRABsistoPTYCi Ng t he

resi stance of transistors T[err], T[err], and T[err]

, whe

reas ite margin

consi der ati ons sushmid be made smslil m@ﬂnmwecﬁsithﬁmﬁstancﬁmism'liﬁ?itsdndclor S.

Therefore, the desjgner nust select these parg

constraints to hiECEAseHE Miip VPHAEF- Hopsver, upli
The desi gn w ndo ' ) i
becom ng smal | er ‘éﬁlaﬁﬁ@gﬁggeg%g%gﬁéﬁl{ﬁg e

19

e

ner 1 on o

ters within

e fRset 8 Impraye s
Kol hR halle

process tec

(v

hese conpeti ng
fead

%ﬁth spect to
ol ogy.

Si nce manuf act ur ikreSISRAGSSE timbistR | 1ih Yrde A wep the VoltegSdropabiss ve to the

shrinking transistor feature sizes
difficult to desitmgnsistor TRAM cel
shrinking design wi ndqw. This,
there a tendency for HRSTASRIAT
shri nki.ng design
i ncreasi ng.
reduce power
transi stor feature.sizes . S
SRAM col | i's bei AESIER Of Fapsstops dnd:
-3- :

robl em i s, exacer bat
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) g e VhSL

pw

*n each generati on,
t hat has acceptable margin within the

ﬁd becgrtéglgldz

it

Ol

Wr1te m

I s becom ng nore

t only is
gip’of the

ahlt T Woull' e ﬁ;%wgg%nghsﬁw}ﬁ%%ﬂﬁ%n&%ﬁc §s,| S

ages are
minimizedfoR SpeEd] ed sﬁBﬁtﬁmmefaﬁbhm‘:Féétredﬂcﬁigl thes as the

el ng Xeduced to

ta"‘ir%-?n'n a typical

considerations suggest increasing the resistance of these transistors.

Therefore, the designer must select these parameters within these competing
constraints to have acceptable read stability and write margins.

The design window defined by these competing constraints is
becoming smaller in each subsequent generation of process technology.
Since manufacturing process variability tends to increase relative to the
shrinking transistor feature sizes in each generation, it is becoming more
difficult to design an SRAM cell that has acceptable margin within the
shrinking design window. This problem is exacerbated because not only is
there a tendency for the SRAM cell error rate to increase because of the
shrinking design window, but the number of SRAM cells per device is
increasing,.

Power supply voltages are being reduced to reduce power
consumption and avoid reliability problems as the transistor feature sizes
shrink. The Vtrip voltage in a typical SRAM cell is being reduced to track
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process VwoO gsmosist y associated with the V[err] volrcigessvasitat i ons
do not scale with the V[err] vol tage. Therefore the relative
variation of the V[err] voltage tends to I ncrease as the

transi stor feature sizes shrink. In order to extend the
desi gn wi ndow, sone designs have resorted to driving the word line
above the power supply voltage during wite operations and driving
the word line to the power supply voltage during read operations.

This has the effect of reducing the resistance of T[err] during

wite operations as conpared with the resi stance of T[err] during read

oper ations. Therths tsdaced nawer supply yoltages: Howeysr) progess yariabilityed t o i nprove
mar gi n asma@wwiﬂﬂmew{ggeonagervaﬁhmabhmmmudeﬁim the design

w ndow. Al ternatively, sone designs have dri Pen one of the

bit Iines bel owvoltage. Therefershrirclative meriationtof thep¥yjptvioliags: temisiter ri ng to FIG

2, the bit node.is at a . vol t age heiyeen the power supply voltage
and the bit |indiSFEIse 4y thefransistor fea?mgﬂﬁ’egw-“ﬁgd by the ratio of the
resi stance of transi dhordefteextendithd design wéndost,aome designs have redortedansi st or

’ axd bave
node vi 11 tend 03B SBRYhEbYPE pokef Bl AREEIAIEWR o ococ i nce

t he volopargdions andrdsiving the seeed line tectbe pawersupplyaoltage dering err], wite

margin is . read opERAHONE AT WOtk effeb T rédiingRe FRRBNBELITN dRBAATRL €r' S.
One problemwith both these methods is that they require vol¥ages

to be driven ei twrite opbratiens dseompared veithpthe yesistancegf T o duting read gr ound.
Generating additional vol tagfes adds conplexity and _cost_to a design. In

addi tion, appli CRETagANGTRESEIPEy the revistance of T 1§ conteolled toimpva MBI 1 ange

may lead to religbilijt r cq at.i,s needed is a

met hod and appartgﬁflghtogﬂf%ﬁéé%%ﬁd@ﬁ%ﬂgt?yz\gldgplngﬁl&edcsg w"}dﬁgési gn w ndow for
SRAM cel | s wi t hout r eAjitdrnativglya same designsdiave drivancone of the bit ligeswbelove uppl y
voltage or bel oV Gt fifling write operatiohd!&Riring o HiG! 2\¥iéWit fbbie is at a
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voltage between the power supply voltage and the bit line voltage as
determined by the ratio of the resistance of transistor Ty, and the resistance
of transistor Ty according to well-known methods. The voltage at the bit
node will tend to decrease as the voltage at the bit line decreases. Since the

voltage at the bit node is decreased relative to Vyjp, write margin is

improved without affecting the read margin parameters.

One problem with both these methods is that they require voltages
to be driven either above the power supply voltage or below ground.
Generating additional voltages adds complexity and cost to a design. In
addition, application of voltages beyond the standard power supply range
may lead to reliability problems.

‘What is needed is a method and apparatus to increase the size of the
design window for SRAM cells without requiring a voltage above the
power supply voltage or below ground.

SUMMARY OF THE INVENTION
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an SRAM cell with inproved wite margin without requiring a
vol t age above the power supply voltage or bel ow ground. An SRAM
consisting of an SRAM cell having a ground reference and a circuit
coupled to receive a first signal and coupled to drive t he ground
reference. The circuit is configured to drive the ground ref erence
to a first voltage if the first signal is in a first state. The circuit is
configured such that the first node is at a second voltage if the first

signal in a panemndd aﬁ@ipparamefof pfosddmg &i SRAMItélbivith imprved e
operatlon and the second a non- vvr te erati on.

at e O
e ot oot hoBmCah withap requithé h Voluize :B3vshe Donet saply vorBsof ' O
DESCRI PTI ON OF ThéloWigtidGAn SRAM consisting of an SRAM dell havireg a goasd a pr | or art

SRAM cel | f ' N

il us'? (raat ege; B;Eg%%tﬁg%cggﬁ?upée&ﬁ% r%%ﬁ’ O@rs\/\?ﬁaé and coupled to(%‘@#at i on.
FIG 3 illustratthe groundanfeoeticaefhe o'ircmtlsyzemﬂeguwd totdriveghe ground

| nventi on. refcrencetoafnﬁ'wﬁltaée%fltﬁé’ﬁ{sfﬁ%ﬁ?esqg & e "R cifduidl SRAM of

t he present t1on p ormn erati on.
FIG 5 illustrateenfigyeedswshh ﬁreﬁnOanmwp@ﬁndt £ i Shayfirst signal in

invention perforgsignd stifd. t’ﬂ)e@ﬁ@trsﬁtéﬁﬂlcates a write operatlon andtheisedond! | ust rat es
one enbodi nent of a. n&t hod of the gresent

DETAI LED DESCRI Pfipigjipdicates a Son-wikie “°“T@°SF§§'@H?@ ﬁi%‘ﬁt“ﬁ?ﬁh? s a met hod

and appar at us tOsdcbﬁdleeha’get he size of the design wi ndow for static
random access ne ) ut requiring a voltage
above the power 3-*'-'- y T RAW § ground. The design w ndow
is defined by the conﬁKﬁJhrjlusmatesdpmmtamSRAMccllpexfomnngmrcaé mar gi n and
read stability nglF n. 1he present invention enploys a circuit

whi ch provides a Toca 8round reference to an SRAM cel | . .

Preferably, the circuFIGAillustraies @ priorast SRANheallperformingwrita o provi de a

operation.

FIG. 3 illustrates one embodiment of a system of the present
invention.

FIG. 4 illustrates one embodiment of an SRAM of the present
invention performing a read operation.

FIG. 5 illustrates one embodiment of an SRAM of the present
invention performing a write operation.

FIG. 6 illustrates one embodiment of 2 method of the present
invention.
DETAILED DE ON

The present invention is a method and apparatus to increase the size
of the design window for static random access memory (SRAM) cells
without requiring a voltage above the power supply voltage or below
ground. The design window is defined by the competing considerations of
write margin and read stability margin. The present invention employs a
circuit which provides a local ground reference to an SRAM cell.
Preferably, the circuit uses the current from the SRAM cell to provide a
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PCT/ US97/ 23214 vol tage on the l-ocal ground reference.. Such
a Circui ywgsgeghess power and area than alternatiyer®sémiseiss Which
may enpl oy a device such as a charge punp or a vol tage regul ator
to provide the voltage on the | ocal ground r ef er ence.

During a wite operation, the circuit provides a voltage on the | ocal
ground reference that is greater than a global ground reference. Raising

t he | ocal ground reference voltage tends to increase wite nmargin.
During a read operation, the circuit provides a voltage on the

| ocal ground reference t hat approxi mates the gl obal ground

ref erence. By maintai ni ngl t he | ocal ground reference at the gl obal
ground r ef er encltagear therlagal graupd xefersmee. t%@ circuit uses legspopeer ad nt ai ned.
Therefore, by cgéﬁml h!té?ﬂativ’é%lrlﬂ.‘ﬁﬁst@mehﬁfa w&rsaemskachar e

ref erence accordi n 0 ation to g@ t€ e desj gn w ndow
becomes | ar ger .PY™® Vﬁ‘ﬂ'o B%H!iﬂ“gﬁ?l”fqyl e F‘\gFé’B "nIOF & hat the

pr esent referencent i on i s applicable to menory cells that pr ovi de

I nternal feedback w thi.n cel mai_nt ta and t he
present invention Isbﬁlaxggm%oqesanon,the n'cm dﬁ’??gﬂltﬂ% q‘b%’r"? cul ar type
of static nenorgroum tefatenciedhnt is greater than a global grbund referendeu Raismgtheone
embodi nent of 3es 3R 61538 Rinds to ingyegse Wit RrA During a

The system i ncl udé'i an Wgﬁg EIE %ﬁ?ﬁ?ﬁ R) and a
ground control 1€hd eparationgthe oavmnmvx@a pﬁp{rag;m the Jnsalgrpurstrederence330.
coupl ed t bget ey -aRo e 1o el Praat oo gy eannagtioten o,

coupl ed toget her acgordin no ods a share a
common | ocal gr%ﬂﬁ‘?ﬁf .fﬂ"%‘?cgﬁ&g‘ \(ﬁfft@* ?réP‘iFaﬁaa “YH@I%P&&H“EI ust er
320 rrgy b;a mul themaiMMsThércfmerMywonmllmg tﬂmlmgaoﬁhalmmdggg al
ground re erenc [ may

be a single ne e)fé‘{ciga%&orémg g,fg% gﬁﬁ? Sggo%tﬂoé%‘ &e‘ﬁg@éﬁ WilBl The
processor 330 dpecomss krgori Itemﬂ bgraapar(:mmtpnaz skill¢tbingoant gaothepresent

i ndi cate whet heihvé}m%'xé ﬁ»gfi@%lé‘girxﬂ&nbﬁ defls ﬁﬁt@%@i‘d@iﬁf&‘i’m feBdtal whithis ent

enbodi ment, the WRH lven~l ow to dicate a wite operation and
driven high to ﬁlﬁmeemceéltﬁdnmmam@%@r § PISFens iivention 1s npEREANS B r at i on or a
mai nt ai n operatm&mt&fma@*aﬁmwp&ﬁ@mﬁbmnﬁymsd@{gnaddress and data bus

Eg_t he SRAM cluster E'I%P 3t1ﬂustrage hen?gpn syystc%a& thte%rc%%gte ss and

invention.
The system includes an SRAM 300 having an SRAM cluster 320
and a ground control circuit 340, a power supply 310, and a processor 330.
Preferably, the SRAM cluster 320 is a column of memory cells
coupled together according to well known methods such that they share a
common Jocal ground reference (Vgnd)° Alternatively, the SRAM cluster

320 may be multiple columns of memory cells that share a common local
ground reference. In still another embodiment, the SRAM cluster 320 may
be a single memory cell using a local ground reference.

The processor 330 drives a write signal (WR#) to the SRAM 500 to
indicate whether a write operation is to be performed. In the present
embodiment, the WR# signal is driven low to indicate a write operation and
driven high to indicate a non-write operation such as a read operation or a
maintain operation. The processor 330 also drives an address and data bus

to the SRAM cluster 320 to indicate which memory cell to access and
-6-
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PCT/ US97/ 23214 provide a path to transfer data to and from
the sel ected nenory cell. For pur poses of sinplifying the
description herein, well-known circuitry to sel ect an SRAM cel |
according to an address is not described here. In addi tion,

wel | -known circuitry to route the data to the SRAM cell during a

wite operation and sense the data fromthe SRAM cell during a read
operation is not described here. Multiple sets of nenory clusters and
correspondi ng ground control circuits nmay be used within the SRAM 300.
Only one nenory preividei aspasietoctransfir fatano extfromshoseleadd memoryceell Hgpra wri t e,

read, or retain Cl%!”{ r or that
cluster B@B%e cgﬁgﬁnggﬁhacco&gﬁ%&&t IE @%iggx#é\tﬁ{\gﬁﬁp&?lgé perforned
on the sel ected selectanSRAd\&cpllacqomhngmm addressispot described here. The SRAM
cluster 320 is CouitiGt weR-kiRfdi AfRuf w&temkavm\fﬁésm&udmngafromthe

power supply 310 and a Ipcal ound “ref eren t ground

control circuit WHtSoRsTEionand %?“@F@%ﬁgm?&ﬁ%%wm g 3re8do conpri ses a

m ong (| |0W rSSI éﬁéﬁﬁcﬁhs%ﬁd&bﬁﬁ@l{h&é' [ Muldple Wd;ﬁﬂexﬁo@&ﬂ@st&@uﬂd ed to thte
signal and a wea resi stanc r ansj st or rr a gate

coupl ed to the pBAETFPL Pg'bt‘éo “”I’%i‘é1 VH% 3‘4#‘5&@4’3&&5 are

connected to theOhl;omietgemmyobclleémlwmiefrmndacthmemoqmimraiuangamml ed to a

gl obal ground re
I ndi cated on by {Eh m?aa[uonsuchthatthe}/&ﬁpgﬁstor erri |sP§P§§a | ed,

| eavi ng a hi gh" rean bachaagedpeecording e thg-operation to be performed onghe salecssd  r om t he
| ocal ground ref gg]p@mnttpattchgteg_l obal gr ound reference. Therefore,
the I ocal ground refe her e. t han t he | ocal
ground reference by tﬁ°3m5 égég %‘VE?BPW?TQWP}YVdmge

whi ch is determn fremh thy pbwer mpryam a‘ndwibédlgrcamﬂlrutérehcé from thegrdumd4M cl ust er
320 through the 0 r t he
520, hrouan the | cALALYD BLERR ! GRhALANGE sHOPIR SIRRAIRD
Tweak is appr oxi steng (}overeslsmo}tmslsmla'g phaving gye coupled f theence i s
200 mi || | t t he gl obal d, st¥6n d t t
200 m 111Vl S aip b o 83 High iduole) S8R, B gt 20T

coupled to the power supply voltage. The drains of these transistors are

connected to the local ground reference and the sources are connected to a

global ground reference.

When a write operation is indicated on by the WR# signal,
transistor Tstrong is disabled, leaving a high resistance path through

transistor Ty eq) from the local ground reference to the global ground

reference. Therefore, the local ground reference is at a higher voltage than
the local ground reference by the voltage drop across transistor Tyyeqk

which is determined by the current from the active bit in the SRAM cluster
320 through the local ground reference resistance. In one embodiment, the
current is approximately 60 microamps and the resistance of transistor
Tyeak is approximately 3.3 kilohms. Thus, the local ground reference is

200 millivolts above the global ground reference during a write operation.

-
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i ndi cat edWQR8/23875 he WR# si gnal (e.g., a read or sEETABNN2I214
operation), transistor T[err] is enabled, providing a |l ow

resi stance path through transistor T[err] fromthe |ocal ground

reference to the gl obal ground reference. The voltage of the |ocal ground
ref erence approxi mates the voltage the | ocal ground reference since the
vol tage drop across transistor T[err] is relatively insignificant. In one
enbodi ment, the resistance of transistor T[err] is approximately 330
ohms. Thus, the local ground reference is approxinmately 20 mllivolts

above the gI obal ground reference duri naea non-write operation.

It will be apparent Mﬂleoraemgmue@penanom n@natedmbymﬁ&k&m her

circuits that ggn L@&ah o e vol 1&E Rt on the
ge’E ﬁcﬁd%r UNIEL pr‘aﬂ i sqo&glléé’x% Ri%’cﬁ

WR# signal may For exa a contro Cc may used to

coupl e the | ocah lw fesisehneepath ehroagli @arsixeord gl ﬁgnmwtbcalegmnﬂmce during a
non-write operation, and couple the |ocal %Bl d reference to a voltage

regul ator to prisferancedo thegiebal grund gefexenes. nEhevaliage of the lacal gronnd
Alternatively, preference aPPﬂ)xﬁﬁﬁé§ﬂEvbﬁég\'7Q?@B¥ﬂ BfouhdGeretencs SHEE fet NE | ocal

ground reference to g,ulator to prowdeaflrst
“vol tage during &"ﬁgptd@wsétqaﬂﬁsméﬁghon is Telative cppigaificart. 1BEB¢ gr ound

Vol tage. (uhi ch FEORBERE PIRSrRERA f?@ﬁéwtsf’ré’ééé'x%&mtmwﬁfz”d
operation. Q heamﬁgrmst ﬁleri&}ﬁl BRoutd $fefeRicd s @ g%.%ﬁuwaywmtsunder ei ther
the wite operatlon or t non- vvriteoeratl As iIs

descri bed aboveabopedhs glo &Tﬁ{‘[’@r‘F HRE 3NN, pReration. resi stance
control |l ed to gener afswifl be&ppa’eht&obﬁeﬁhngmun@laxtafaeﬁﬁﬁ@euyeﬂxmge

Alternatively, ather circuits beue to R vide a i apl e resistance
according to weFireults e mﬁﬁ ﬁ‘ﬁ ﬁ@?eh‘%l’%“ fa tor may be
used t-0 gener at WR# mgnalaixﬂyd:ermdsmemmple;adeogwmyawtmad td hi s

t ransi st or on by
appl ying a vol tagéﬂ%ih? ﬁ%ﬂnd%&&eﬁﬁcﬁﬁc{é/\e@’ﬁg{&ﬂfiy vopfeglmdd t he gl obal
ground r ef er encaonwititeoperationpnandeouple thclocal greundstiefprericeite a yolaget ed. I n one

enbodi ment, thi &g{xfa?d}stb fcmdewgﬁ&% %ég du\‘m awnte opefaﬂ&ﬂ@ﬁf&ﬁiﬁv@l&” ng a

wite oper at I on. case I’eSI In para my be

used to bias théc‘P’EFE?AIlOgg‘F Ba¥ e ussddp saunle the 9%%1966“ gheBem® afiser ence

- 8- voltage regulator to provide a first voltage during a write operation, and
couple the local ground reference to a second voltage regulator to provide a
second voltage (which is lower than the first voltage) during a non-write
operation. Other circuits may be used to provide the voltages under either

the write operation or the non-write operation.
As is described above, Tstrong and Ty,e 4k provide a variable

resistance controlled to generate a variable local ground reference voltage.
Alternatively, other circuits maj be used to provide a variable resistance
according to well-known methods. For example, a single transistor may be
used to generate a variable resistance. In one configuration, this transistor
is biased into a resistive region of operation by applying a voltage between
the power supply voltage and the global ground reference voltage when the
WR# signal is asserted. In one embodiment, this transistor would be fully
turned off during a write operation. In this case, a small resistor in parallel

may be used to bias the local ground reference or the local ground reference
-8-
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PCT/ US97/ 23214 may be allowed to float for a period. If
the local ground reference is allowed to float while the wite
operation is being perforned, the wite operation is perforned
relatively quickly so that the |ocal ground reference stays in the
desired range in order to avoid losing the witten data. \Wen t he
WR# signal is not asserted to indicate a non-wite operation, this

transi stor would be biased to provide to provide a | ower resistance than

t hat provided during a wite operation. In one enbodinent, this
transi st or may beallbed © ﬂodtlfqrapmmdd Iftthe dnoai muadmfu'emd ise operation.

It will be appar ound

ref erence does n néeégté’s Flé)flhéklge Eagﬁnﬂxﬁisﬁe@f%%&g) VO ’taglém he gl obal
ground r ef er enceopergtidreis @prfonnmbsvdv chwkb’rmth@;rtbmmalvﬁromﬂmemcg n
constraints suchg@ass inapd dsdiRAl rgt&in kJ'avoclﬂst eh ttgx?dﬁtﬁ &round.

ref erence may be lven_to_nunerous vo tages gre t 1an t o bal
ground ref er ence the Wh#signabisdiet ésimd@mﬂlgatga@nna@mw@t%rt@m

FIG 4 illustrat ggndifiecwenlavebidskd E’@ﬁlﬁbﬂe't@ rovide Ivertesisiihcd ﬂhﬁn that

present invention. lowing illustration | hec evx/nerethe bi t

stored a gic 0 and
"&{]"ldd{!ﬁ"é‘g@wq‘ OPRER{I0R-5 3B ONE FD B‘a SP'S‘“%{S‘PB

thedblt bar nOdewr?‘&ld;befujll tumedbﬂﬂuﬂ?éanon-w51teopmt10n As in a prl((érl_#;vlrt

read operation, the t col u ar

colum are initialized ’(Sh§"} &?@\'eét'f’oé‘ﬁgﬁpﬁ@ W@F&“Fﬁ‘”ﬁghe(&}@?alﬁﬁfé“‘a

asserted to turnrefereacd does abenecgssarily Have msbeitargrogmt vdljags.uThe global t he BL

col um el el a8 SERUBEE AREAHEP pByhd BibiPilgn oy, 9V @

(transistor T[er sour ransi s S
coupl ed to a grocenstaintesuch @s réadtability margin. Similarly, @malncﬁ)ngndch is driven

to the Merr] Voliadfod fhhek AU MipkRhSVBRARY dhfer than the globRAD! (N ¢ he

strong (low resistance) transistor T[err ec |ve

provi des a | ow ré@“&‘@é?fé@%%%@‘kﬂ?%l@&ﬂ@lﬂﬁé?ﬁh %MCE@%T&J@en t he | ocal
ground reference and lf-t@ QilRREhtedicad b6y ﬁi&fgihi?ﬁ}anSRAMcellofthe Wi | e

the BL colum is bein the re
vol tage at the bPIESEEINYRY “ @a@%&g}l‘émﬁﬂ °‘E’r§ég?ﬁ£%va}\§f°'lhﬁé’“r38§?dstance of

transistor T[errjs ﬁhﬂlctmdnﬂhalﬁiﬁﬂ%lﬂiodcﬁﬁﬂmgﬁ O and therbit bar hodei at he
vol tage of the -9-

logic 1.

As in a prior art read operation, the bit line (BL) column and bit line
bar (BL#) column are initialized to a logic 1 and the word line (WL) bus is
asserted to turn on a transfer gate (transistor Ty) such that the BL column

begins to be discharged through a first pull down device (transistor Tpd).
The source of the transistor Tpd is coupled to a ground node (local ground
reference) which is driven to the Vg voltage (global ground reference) by
enabling the strong (low resistance) transistor Tgyrong. This effectively

provides a low resistance (and low voltage drop) path between the local
ground reference and the global ground reference.

While the BL column is being discharged during the read operation,
the voltage at the bit (B) node is determined by the ratio of the resistance of
transistor Ty and the resistance of transistor Tpd- Since the voltage of the

-9-
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WD 98/ 29875 ‘
PCT/ US97/ 23214 | ocal ground reference approximates the

gl obal gwaussik9s®st er ence, the read stability margirCEN§S7A314At €S
that of a prior art SRAM cel | . FIG 5 illustrates wite
margin in an SRAM cell of the present i nvention. The foll ow ng
Il1lustration is the case where the bit stored is a : logic 1 and a
wite logic O operation is being performned. As in a prior
art wite logic O operation, the bit line (BL) colum is driven to

a logic O, the bit line bar (BL#) colum is driven to a logic 1, and

the word line (W) bus is asserted to turn on a transfer gate (transistor
Tlerr]) such that the voltage at the bit node is determ ned by the
ratio of the local ground zferepegvnproximates the;glebsl grouad refergpee. thedeadsi st ance a

first pull up GeWbilfP margiaapprokidhates that of a pribPatt SRAM célpur ce of the
transistor Tpd is cgag%g to the ] ocal l(‘:jrou reference which is
at some voltage gre feh &mile g %{%“%‘F@r?fﬁ% because
t he strong (| ovnventiostBrde)lowingrilusitation iE[me cdse wherh the bitatbred Bavi ng

only the weak ggé{gh35‘33"‘?‘?‘?'?&@285%3?3&{5%@ b aabI ed. The hi gher

resi stance (an I'gher "vo EO hi q‘ er vol tage | ocal
ground reference as Avipprios agovity g«eaep@pmraﬁhmtlme(B ) column is The bit

_T_Ode i s %soht hﬁwbﬂ&%l&gibﬁ flﬁ‘eﬁi?ﬁﬁ’é'ﬁarl COtih ‘i’sedﬁb wfeﬂtcéalo gic 1, ardd r ansi stor
ol abe \Mer 1) bt ot e OES ot rered o &H‘{%g%‘ﬁléérlgg&@aégﬂ%to)&ml tage at
th b | t V] Th

ni gher 1 ocal i BEVGBY “?er‘é‘*#é Hocdha e PR, Lol cly wni ch

the bit node mresistarce o transxsmr'ﬂ,g andatlnetresmtmcn adirst nullamsiamcor(tranmstqr Thi s
| nproves the w Thus,

f
the design wi nd’tpn? ?gﬁ?' o th?/“?@‘%??@‘t‘ﬁ%“pk&"the]o"i“mr@f‘ﬁ‘ependence of
the wite mar g'rBfeP&Eé%ic% tgs[éﬂ:g%ﬁa%c‘?%-gaté} @ lﬂe%obta%]gound refGfehé N

paraneters. This 1s acconpli requiri use
vol t ages above hepruss thesrong (o mm@-ﬂﬁ’&élﬂ?ﬂﬁﬁm'&mll@)@o‘sﬁﬂéd d?*%‘?ﬁj vol t age.

FIG 6 illustrat one i nent d of t en
Mhventi on o B8 eak R I ind) st Yorcal sndtif A RBber o, oo
-10- resistance (and higher voltage drop) path provides a higher voltage local

ground reference as compared to the read operation
The bit node is also the input to the second pull down device
(transistor Ttrip) which turns off when the voltage of the bit node is below

voltage th'p' In order to successfully write the logic 0, the voltage at the
bit bar node must be pulled down below voltage Vtrip- The higher local

ground reference increases the voltage below which the bit node must be
driven to turn off transistor Ttip. This improves the write margin of the
device.

Thus, the design window is widened by relaxing the
interdependence of the write margin parameters and the read stability
niargin parameters. This is accomplished without requiring the use of
voltages above the standard power supply and/or below the ground voltage.

FIG. 6 illustrates one embodiment of a method of the present
invention,

In step 600, a write signal is received.
-10-
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PCT/ US97/ 23214 In step 610, determ ning whether a
wite operation is being per f or med. In step 620,
providing a first local ground voltage if a wite . operation is

bei ng performed. By providing a higher first |ocal ground

reference, wite margin is inproved. In step 630, providing
a second |l ocal ground voltage if a wite operation is not being
perfornmed. By providing a | ower second | ocal ground reference,
read stability margin is inproved. Since the first |ocal
ground vol tage may be 1hadgeR0terishininghaethea writc operatidfigBeinge second | ocal
ground reference, the edeSI gn wi ndow may be enl ar ged. WO

98/ 29875 perf

PCT/ US97/ 23214 1In step 620, proﬁuﬂdgl\ﬂirsB local ground voltage if dbfite i s cl ai med
is: at i ando

conpri si ng: operauomsbem cgp'l rq..vgélp %égﬁpfnﬁgﬁ%gg%muggl d first
node being a fi r seference, wxiteng:rgmnsilmwbwdance and acircuit
coupled to receive a fy,r %qgﬁig} t first
nodg, said circuit con IS%JI’GQ ri-ve sal allé?lﬂfd%’o‘fta? rst vol t age

i f sai d operatien is ngh heing perfarmed: | Bysproyidinga lowrae@nadmal confi gured

such that said figt&ind reference, read stability margin is improved.
Since the first local ground voltage may be independently selected
from the second local ground reference, the design window may be
enlarged.
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node is at a second voltage if said first signal in a second state, said

first signal configured to be in said first state to indicate a.
wite opeWRx88A87%nd in said second state to indi cXCIESHER Mrite
operation, said first voltage being greater than said second

vol t age. 2. The SRAM of Claim 1 wherein said circuit
conprises a transi stor having a drain, a source, and a gate, said
drain coupled to said first node, said source coupled to a second
node, said gate coupled to receive said first signal, said second

node being a second ground reference. rhe SRAM of

3.
Claim?2 wherein said circuit wherein said [ first
resi stance when said first signal is in said first Hnm" m" m"r", a
second resistanfChAINME said first signal is in said gecéend-stmte, said

first resi stance being greater than said second resistance.

4. The SRAM of Claim 2 wherein said first resistance

appr oxi mat es an open What s gleimed is: 5. The SRAM of Claim 1
wherein said circuit conprises a vari abl e resistance.

6. _ The SRA!V' of O gi m 5Aﬁh§£ﬁrﬁnd‘tﬂ: chéé’srmé'rhbﬁ' (SRNM} coMptising:

conprises a first translstaqr ﬁ vmg g_flr t d,rdglnma?ad afé'riﬂsxts source, and a

second transi stor ha®#f wscé AYing a Lirst node; saiddustiide beingadirsts 5i § 1 r st

-12- WO 98/ gffing reference; and o | od '

PCT/ US97/ 23214 - rai Sal econ rai l.ng coupl e

to said first term nglcycglgf%}lq%tgggéepve%%tﬁé%bﬁcgcogﬂkﬂstgflﬂvgg%@nd source

bei ng coupl ed t &irst apde, saidirduit eonfiguadd to drive said first node to a fifst voltag€iie SRAM of

Claim6 wherein el e fod o ks | B ' oupled to
s st s%énlﬁf islift 3 BRde Sfaf¥, s418 Birbuit %onfigured $ lél{ ﬁslgfé\gl\?lﬁ% firsgj

receive said first signa . . 3 . \ aim6
wherein said s eé‘Bﬁlﬁj‘S@g a fiesond ypltagedf spid first signal in @ sepand §iate seiddBpted t o
receive said fi sighalofifigiired to be in said first state to indicate a write operation and in

said second state to indicate a non-write operation, said first voltage being

greater than said second voltage.

2. The SRAM of Claim 1 wherein said circuit comprises a
transistor having a drain, a source, and a gate, said drain coupled to said
first node, said source coupled to a second node, said gate coupled to
receive said first signal, said second node being a second ground reference.

3. The SRAM of Claim 2 wherein said circuit wherein said
transistor has a first resistance when said first signal is in said first state and
a second resistance when said first signal is in said second state, said first
resistance being greater than said second resistance.

4, The SRAM of Claim 2 wherein said first resistance
approximates an open circuit.

5. The SRAM of Claim 1 wherein said circuit comprises a
variable resistance.

6. The SRAM of Claim 5 wherein said variable resistance
comprises a first transistor having a first drain and a first source, and a

second transistor having a second drain and a second source, said first
-12-



9. The WBRM/29B7SCI ai m 6 wherein said second transi stor hasper/use72izisa
second gate coupled to a power supply. 10. An static
random access menory (SRAM conprising: ——an SRAM cel |

having a first node, said first node bei ground
ref erence; and a vari abDﬂlE I| ““1““ |ng a first

term nal coupled to said first aL secors tkerm nal coupled to

a second node, said second node being a gl obal ground reference,
said variabl e resistance being coupled to receive a first signal,
said variable resjsta ei ng confiqured to have a first

resistance if saidfip ‘gﬁmgmﬂdﬂé“W&Wﬂﬂ%@tﬁﬂ&@s&mabé@drﬁmr esi st ance
if said s68@r¢e BAd §did SePond Soiirfe Beifif 6QMeBioAad seddtidtefrhingf. S gnal
configured to be in said flrst State to |nd| cate a write operation
and in said second st -write operation, said
first resistance bein gregmfrmﬁ] é@é’@ﬁﬁ“s first trangigtor é%sa?nce.

11. A syst em cfirgtigats cogpled toreccwesmdﬁrstsx@apomer suppl y;
a processor configured to generate a first signal, said first signal

raving a first state w0 8 SRR S bl i sSpR BafREl LSS 10 0

second state to sccondgatqqqulgétt@regelnggaldfmt@ggpbrat|on and

an SRAM coupl ed to said processor and said power supply, said SRAM
g g/ﬁgglsi I5ng: 9. The SRAM of Claim 6 wherein said second transistorhas a VO

PCT/ US97/ 23214  Second gate coupled to a power supply. an SRAM cel | having a first

node, said first node being a first ground reference; and

a circuit coupled to d@cei Ve static randorn acpess memdryC(SRA MY comprising:e

frst T o Sg“é' ?‘?*Mt“@c"@%g%%ﬁgntﬁg Sl PR ek iR ot e, S

circuit confi gur &puadgeference; and

a variable resistance having a first terminal coupled to said first

node, a second terminal coupled to a second node, said second node being
a global ground reference, said variable resistance being coupled to receive
a first signal, said variable resistance being configured to have a first
resistance if said first signal is in a first state and a second resistance if said
second signal is in a second state, said first signal configured to be in said
first state to indicate a write operation and in said second state to indicate a
non-write operation, said first resistance being greater than said second
resistance.

11. A system comprising:

a power supply;

a processor configured to generate a first signal, said first signal
having a first state and a second state, said first signal configured to be in
said first state to indicate a write operation and in said second state to
indicate a non-write operation; and

an SRAM coupled to said processor and said power supply, said
SRAM comprising:

-13-




that said first node is at a second voltage if said first signal in sai d”

second state, said first voltage being greater than said second
vol t age. WO 98/29875 12. The system of O aim 11 WAETESHASAl4d
circuit conprises a transi stor having a drain, a source, and a
gate, said drain coupled to satd fi+st node, said source coupled

to a second node, said gate c receive said first signal,
sai d second node being a secofmmﬂgll“""#',!”\gmce 13.
The system of C aim 12 wherein+*sakd cireul erein said

transistor has a first resistance when said first signal is in said first
state and a second resistance when said first signal is in said
second state, said first esi st e hein reat.et fhan said
second resi st ance. mSRAMceni'a“ﬁ?%r}s(ifﬁge’&@r%Fﬁ"&de WEA 12 wherein
said first resi firstgomnd reference; andppr oxi mat es an open circuit.

15.  The systemof dali maﬂcircme&ﬁﬁéaé%%gﬁiarﬁ#q@géﬁéﬁﬁf‘%’dm

vari abl e resi stance. alrm 15

wher ei n sai d vasdidirss nodsissidircuit configured to drivesaidSisst nede ko afirstr ansi st or
naving a 117t Jbfdgd ifdifd frst SiEfll is AHafPhrsPhisle Said circuit configFE@RGENL T ansi st or
rain and a s sa I'rst

havi ng a second . second source, sal . . drain and
sai d second dr atift prid figst agdeisatia sesond veltageitsaid firsypigpal in said geqond st

source and sai dsGR; o4 fifs® voRaetRinpréfenthafsdidsctshdvelggend term nal .

17. The system of Claim 16 wherein said first transistor has a
Flhst gate coup et 12! ©CGhé Sysidtn o ik 1 15wt said circuit comprises a

PCT/ US97/ 23214 transistor having a drain, a source, and hSzate, saiti draity stvgpledbfo saidai m 16

wher ef 2l 4 >ehadohd 308 Bh Biledto  second nodes §FBAle BBIlad 1P 0 £

receive said fi _
receive said first signal, said second node being a second ground reference.

13.  The system of Claim 12 wherein said circuit wherein said
transistor has a first resistance when said first signal is in said first state and
a second resistance when said first signal is in said second state, said first

 resistance being greater than said second resistance.

14.  The system of Claim 12 wherein said first resistance
approximates an open circuit.

15.  The system of Claim 11 wherein said circuit comprises a
variable resistance.

16.  The system of Claim 15 wherein said variable resistance
comprises a first transistor having a first drain and a first source, and a
second transistor having a second drain and a second source, said first
drain and said second drain being coupled to said first terminal, said first
source and said second source being coupled to said second terminal.

17.  The system of Claim 16 wherein said first transistor has a
first gate coupled to receive said first signal.

A ]



19. The WO:982987TF Cl ai m 16 wherein sai d second transistor PesUSI723214
second gate coupled to a power supply. 20. A net hod of

i mproving wite margin in an SRAMWnode sai d node being
a ground reference, said nethod co \HL\“\ steps of: _
receiving a first signal, saldflrggmmn ‘ “I ng a wite operation;

determ ni ng whether said first sign I anfisrstr state, said first state

indicating a wite operation; _ if said first signal is in
said first state, driving said node to a first vol t age, said node
being at a second voltage if said first signal is in a second

state, said first voltbt§e bEhegystpneef €laim 1 6rwheati said second\trankiswe has a

21. The met hod Qf, Jd{é mq_s the step of _ _
driving said node to S%HId&@OH vot&%e tSg'%ili‘flrst signal is in said
second state. The nethod of C aim 20

further conprising thel%tepTes SystemofClalmlléawher@nsad@emdermslsmahasa| rst

signal is in sai cge&gﬁp@% &} to a power suppl 23 The nethod of Claim
20 further conprising the s‘?’gp of P ppyrmdlfyl ng the resistance of a

t aid first n
V?r5l abl e resistance | 4. esDaneethoé)otsm{prowng write margin manSlgAM having a

node, said node being a ground reference, said method comprising the
steps of:

receiving a first signal, said first signal indicating a write operation;

determining whether said first signal is in a first state, said first state
indicating a write operation;

if said first signal is in said first state, driving said node to a first
voltage, said node being at a second voltage if said first signal is in a
second state, said first voltage being greater than said second voltage.

21.  The method of Claim 20 further comprising the step of
driving said node to said second voltage if said first signal is in said second
state.

22.  The method of Claim 20 further comprising the step of
floating said node if said first signal is in said second state,

23.  The method of Claim 20 further comprising the step of
mod1fymg the resistance of a variable resistance in response to said first
signal.
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