TI TLE NON REFRESH FOUR- TRANSI STOR MEMORY CELL BACKGROUND The present
invention relates to a nenory cell and 5 particularly to a non-refresh 4T
(Four-Transistor) nenory cell. To nmeet custonmer denmand for smaller and
nore powerful, efficient integrated circuits (1Cs), nmanufacturers are
designing newer 1Cs that operate with | ower supply voltages 10 and incl ude
smal l er internal sub-circuits such as nenory cells. Many ICs, such as
menory circuits or other circuits such as mcroprocessors having onboard
menory, include one or nore SRAMcells for data storage. SRAMcells are
popul ar because they operate at a hi.gpff, speed than dynam c-random 15
access-nenory (DRAM cells. Further as Tong as SRAM cells are powered,
they can store data NEdeRERRESHyFOUR:TRANDFINIR MEMORY WETGh nust be
periodically refreshed. FIG 1 is 2 %&c&%#b_g_gdi agram of a conventional 6-
transistor (6-T) SRAM cel |l 110, white e a erate at a 20 relatively |ow
suppl y vol t age, Thorpexsayp e2e2¥-idn3¥elabat whi ehmésorel@dliveind | arge in
si ze. pai f access _transistors 112 and 114 al | ow conpl enentary
bi t vai%uesp%)rgﬁ%‘% o gt CFAE rffg* éﬁdj(ﬁ%’f‘?’é%%%%?rﬁfgl V€ F e read
from and telbe witten to a storage circuit 120 of the cell 110. 25 The
storage circuit_120 includes NIV% |l -down transistors 122 and 126,

whi ch are coupl B T % PHHIISFe- @@g‘ aERY EBAFL§Tr 289 RPRR trPWEMES loul | - up

transi st ors£i24i amngl hAfegriedesiAcandsB(ars) t hga SOPRt BRIt Ao

inputs/outputs of the storage circuit 120, and the respective
conpl enent ?§1$Qiﬁg:newer ICs that operate with lower supply voltages

10 and include smaller internal sub-circuits such as memory
cells. Many ICs, such as memory circuits or other circuits
such as microprocessors having onboard memory, include one
or more SRAM cells for data storage. SRAM cells are popular
because they operate at a higher speed than dynamic-random-

15 access-memory (DRAM} cells. Further as long as SRAM cells
are powered, they can store data indefinitely, unlike DRAM
cells, which must be periodically refreshed.

FIG. 1 is a circult diagram of a conventional 6-
transistor (6-T) SRAM cell 110, which can operate at a

20 relatively low supply veoltage, for example 2.2V-3.3V, but
which is relatively large in size. A pair of NMOS access
transistors 112 and 114 allow complementary bit values D and

D on digit lines 116 and 118, respectively, to be read from
and to be written to a storage circuit 120 of the cell 110.

25 The storage circuit 120 includes NMOS pull-down transistors
122 and 126, which are coupled in a positive-feedback
configuration with PMOS pull-up transistors 124 and 128.
Nodes A and B are the complementary inputs/outputs of the
storage circuit 120, and the respective complementary logic

30 values at these nodes represent the state of the cell 110.



30 values at these nodes represent the state of the cell 110. -1 For
exanpl e, when the node Ais at logic 1 and the node Bis at logic 0, logic
1 is stored in the cell 110. Conversely, when the node Ais at logic 0 and
the node Bis at logic 1, then the cell 110 stores logic 0. Thus, the cel
110 is bi 5 stable, i.e., it can have one of two stable states, logic 1,

or logic 0. In operation during a read of the cell 110, a word-line W,
which is coupled to the gates of the transistors 112 and 114, is driven to
a vol tage approxi mately equal to Vec to 10 activate the transistors 112 and

114. For exanple su gi.c 1=5V and VSs and t hat
at the begoﬁn?ﬁamgf tﬁ@l ggl 89% 1§ 75 spetedt i H%“%éF? ®1 015 such
t hat the vattaggld: emellcajlct he m@eoécedslﬁ)\/ta@dcéhe 1vol t agemdeavrilygt the

node Bis 5V. A's sune, that _before 15 the re g %¥h€?é?the digit lines

116 and 11¥§hﬁ?etlé?uﬁ“? Dréatied 2ttt °Fohr Ox PRt BNy MRS or'®9%he ‘NvOs

transi storthda tk@UES 1he JtedesAlbgithe. dightis| i fige 1d6.1 and tike HMOS
transi st or 114 couples the node Bto the digit line 118. For exanple
assuni my t AaEPtRe thf eshidl FFo I RIGe 761 O%EW%SW%%.%%%%S 11P%5d 1114 are
both 1V, thgniéhectgansi stor 114 couples a maxi mumof 4V fromthe d|g|t
line 118 to the node B. The transistor 112, however, couples the digit

line 116 to thE"neRRY & 1GkhiRIris@ Ps r@8@nof heheofehbel B thevatidgiling | ne

116 enoughyf,f ofn £ M €oulRRHRQ, Fik! b‘éQEES%ftQh&a&?&%éc%l%erﬁ% apgy (not

shown) coupl ed tothe lines 16 and 187to read the cell 110 as storing a
| ogi ¢ 0. Dhtfngia driven dperaticdtagtoprpxanphetedf ¢agal to flpc to

10 activate the transistors 112 and 114. For example, assume
that Vcc=logic 1=5V and Vss=logic 0=0V, and that at the
beginning of the read, a logic 0 is stored in the cell 110,
such that the wvoltage level at the node A ig 0V and the
voltage level at the node B is 5V, Also, assume that before

15 the read cycle, the digit lines 116 and 118 are equilibrated
at approximately Vcc. Therefore, the NMOS transistor 112
couples the node A to the digit line 116, and the NMOS
transistor 114 couples the node B to the digit line 118.

For example, assuming that the threshold voltages of the

20 transistors 112 and 114 are both 1V, then the transistor 114
couples a maximum of 4V from the digit line 118 to the node
B. The transistor 112, however, couples the digit line 116
to the node A, which pulls down the voltage on the digit
line 116 enough (for example, 100-500 millivolts) to cause a

25 sense amp (not shown) coupled to the lines 16 and 18 to read
the cell 110 as storing a logic 0.

During a write operation, for example, of logic 1 to
the cell 110, and making the same assumptions as discussed
above for the read, the transistors 112 and 114 are

30 activated as discussed above, and logic 1 is driven onto the



the cell 110, and nmeki ng the sanme assunptions as di scussed above for the
read, the transistors 112 and 114 are 30 activated as di scussed above, and
logic 1 is driven onto the -2 digit line 116 and logic O is driven onto the
digit line 118. Thus, the transistor 112 couples 4V (the 5V on the digit
line 116 m nus the 1V threshold of the transistor 112) to the node A and
the transistor 114 couples OV fromthe 5 digit line 118 to the node B. The
| ow voltage on the node B turns off the NMOS transistor 126, and turns on
the PMOS transistor 128. Thus, the inactive NMOS transistor 126 allows

the PNOS t 5203t S1 e 1285 (B Puldy e 00d8 AUl b0 SYene M5 Nghovol tage on

the node A tldrns on t transi stor and turn e PMOS
transi stor1124, Thus, athovizepsisdorNVD8 cbrphsss#Vr (1122 50 areitiifeor ce t he

| ogic 0 on4t n | kew [ voltag itten to the Bis
4V and thgég\%r: i ??IZ%B%%Ft lléﬂrllgoﬁfeAllfvstt%%?Sg ﬁ%gp§§%P3e9¥%%%]bS§c%r rﬂ%
confi gur at tontkasuwrds A haind hehecelrlantiGtwirl L1484t ovepleagi ©v Erdhb tBecause t he

PMOS transi.stors. 126 1 have | qw o resi stances (typically on the
or der o% aék %%VQK?JF% r%s?%]dct%@ie éié’ﬁieo%t‘en%}ﬁﬁl O‘f’hggf‘@%%ccfrr\)@% £€ R and B
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render the_cell.110 relatively stable and allow the cel] 110 20 to operate
at a | ow stppP§*eort a]gJeBa‘as\&g}‘écutstg‘@d 128607 BIOS U VHARTINE t he

transi st or a1126s atite 1T alstmdike csehbs $30pt01 benappsaxidmaielos 380- 40%
| arger than a 4-transistor (4-T) SRAMcell, which is discussed next. FIG
2 is a cirChif By rn AT FotventreRal BWrmsRan the MEY trAReisdior has a

cross wpuphed dnyeriels FAChHNROBEEransistor 124, thus allowing the
NMOS transistor 122 to reinforce the logic 0 on the node B.
Likewise, if the voltage written to the node B is 4V and
that written to the node A is 0V, the positive-feedback
configuration ensures that the cell 110 will store logic 0.
15 Because the PMOS transistors 126 and 128 have low on
resistances (typically on the order of a few kilohms), they
can often pull the respective nodes A and B virtually all
the way up to Vcc in less than 10 nanoseconds (ns), and thus
render the cell 110 relatively stable and allow the cell 110
20 to operate at a low supply voltage as discussed above. But
unfortunately, the transistors 126 and 128 cause the cell
110 to be approximately 30%-40% larger than a 4-transistor
{4-T) SRAM cell, which is discussed next.
FIG. 2 is a circuit diagram of a conventional 4-T SRAM
25 cell. The cell has a cross coupled inverter. Each inverter
includes a pull-down transistor T1 or T2 and a load pl or
p2, and a pair of transfer transistors T3, T4. The gate
electrode of Tl is connected to the drain of T2 and the gate
electrode of T2 is connected to the drain of Ti to provide a

30 flip-flop operation. The load device pl, p2 may be



includes a pull-down transistor Tl or T2 and a |load pl or p2, and a pair
of transfer transistors T3, T4. The gate electrode of Ti is connected to
the drain of T2 and the gate electrode of T2 is connected to the drain of
Ti to provide a 30 flip-flop operation. The | oad device pl, p2 nay be -3
depl etion or enhancenent transistor or a high value resistor. The | oad
devices pi and p2 are connected to the power supply Vdd on one side and to
the drain of drive transistors T1l, T2 respectively. The purpose of the
resistor 5 load pi, p2 and the power supply Vdd is to counteract the

ef fect of i e.driv ansfer
transistorgg?aggéégﬁ#ﬁg@hégﬁé%mgﬂ$hgrggfg%tgg tﬁ : ﬁﬁgﬁg#er transistors T3,
T4 are conneeigtioro a Tﬂﬂ?[ldadleie@&ce&nﬁlaaedSMtahecbcm\metgtea%w ttheg t he
WORD | i ne he. rai n/fsource. c of th transter transistors are
connect ed %g?age u%é%f.@.eéahﬁ é fP SKE%? Ilneg 25728 resﬁ%ctlvely The
operation bfaasswwm STWeI'Il‘z krempec thimehyi. eﬂ?hetperp@skmrcgie Hheoldeage)torn nodes
Nl and N2 1 &pLes ic 15 state of For exanp le, to wite a
dat a of -1 VSR BRoR S R RBpRY; Lo d" ERaPGBAT EHRGE ek 1 e

vol t age aeﬂféhe @brchérgﬁaLHhHageaaﬁetheddr&bﬂe O the @hiargeshaip and
drives N2 | ow st ate. {ead the cell, bit lines 25

h !
and 26 areEB?%SE%grékégég%fQﬁﬁ' nodgs Y8 abg Ng assHE Rt DHit ine 26 is

di schar gedcthnefgh ttdmdrsdtsdry 374 Tandri2capdethedttansiviip ghidl0esgi s
sensed by a_sense anplifier external to the cell. A four tr%gflstor (47)
e

SRAM uses aPfi §h° varliechediQt diy asserting the WORD line 28
10 drain/source contacts of the transfer transistors are

connected between the ncdes N1, N2, and BIT lines 25,26
respectively.
The operation of a SRAM is well known. In brief, the
charge (voltage) in nodes N1 and N2 represent the logic
15 state of the cell. For example, to write a data of "i" in
node N1, the bit line 25 is pre-charged to a desired voltage
and the word line 28 is asserted. Node N1 is charged up and
drives N2 to a "no charge" or a low state. To read the
cell, bit lines 25 and 26 are pre-charged and word line 28
20 1is asserted. The bit line 26 is discharged through
transistors T4 and T2 and the transient charge is sensed by
a sense amplifier extermal to the cell.
A four transistor (4T) SRAM uses a high value resistor
as its load device. The 4T SRAM is attractive as it has the
25 potential for reduced cell size compared to a 6T SRAM
wherein the load devices are transistors. The primary
function of the load resistor is to supply enough current to
compensate for the junction leakage and maintain the charge
in the node. Junction leakage currents typically range from

30 femto-ampere to pico-ampere (107! to 107'? A) for FETs



as its |l oad device. The 4T SRAMis attractive as it has the 25 potenti al
for reduced cell size conpared to a 6T SRAM wherein the | oad devices are
transistors. The primary function of the load resistor is to supply enough
current to conpensate for the junction | eakage and maintain the charge in
t he node. Junction | eakage currents typically range from 30 fento-anpere
to pico-anpere (10-15 to 10-12 A) for FETs -4 fabricated under

contam nation free conditions, which is the mninmumcurrent required from
the | oaded (pl, p2) power supply Vdd. The maxi mum resistor value

accept abl echsyl Do i 0 kA0S H02:kQ0h01PONIBa S BUTE NQuR YA 013 10 5
%?Q ??géﬁg% bf%fh

volts. 5 The val ue of resistor, inturnis a
ava|Iab|||myn@mummﬂwqunttﬁﬁnuunﬁﬁ érwmryhhlghadﬂ@r(mSJqp2re§mw&uance and the
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However, foanga-chijostor ag& iohms, crepuoniagsarBgand 3othes Vo€, circuits,

the 4T- hav not en used This is due to conpl.ex process
necesséfy ﬁo forn1a ft£ %ﬁ%%?orén&ntkﬁg? fﬁeaﬁﬁggﬁégkpma._ poor
stability atraiba\bi/bitiﬁg:ef mdtnart_ll‘aﬂ ghart Basnbcrorpt RigleneiAidar and | ater,

|y 6T- SRAM 15 cell s have bee re orted a used for advanced
?ECKHO|OQI£§S}% ?%ﬁﬁuﬁ?iﬁé??xﬂq &2 §U8ﬁi gf%o Fer st WonEyaut -

sel f-al i gned somiwrdn, adk Ix@sals—uo&t eeeernatt and praEk &S SsHENSRAM cel | i's
, Inthe article entitled "A Loadl ess CMOS
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other logic circuits, the 4T-SRAMs have not been used. This
is due to a complex process necessary to form a load element
and thus, the 4T-SRAMs have poor stability at low voltage.
In the quarter-micrometer generation and later, only 6T-SRAM

15 cells have been reported as being used for advanced
technologies to reduce the cell size, such as borderless
contact, self-aligned contact, and local-interconnect.

A loadless 4T-SRAM cell is proposed by Kenji Noda et
al., in the article entitled “A Loadless CMOS Four-

20 Transistor SRAM Cell in a 0.18-um Logic Technology” in IEEE
Transactions on Electron Devices, Vol. 48, No. 12, December
2001, pp. 2851-2855. Fig. 3 shows an example of a circuit
of the loadless 4T-SRAM cell. The single cell comprises two
nMOSFETs 311 and 312 for drive transistors and two pMOSFETs

25 321 and 322 for transfer transistors. Compared with the
conventional 4T-SRAM having nMOSFETs and load elements, an
advantage of using pMOSFETs is that the high-node level
rises immediately after a read or write operation. During a
stand-by cycle, bit lines are pre-charged at the Vgy. At

30 this point, the pMOS transfer transistors 321 and 322, which



2001, pp. 2851-2855. Fig. 3 shows an exanple of a circuit of the |oadless
A4T-SRAM cel | . The single cell conprises two nMOSFETs 311 and 312 for drive
transi stors and two pMOSFETs 25 321 and 322 for transfer transistors.
Conmpared with the conventional 4T-SRAM havi ng nMOSFETs and | oad el enents,
an advantage of using pMOSFETs is that the high-node |evel rises

imedi ately after a read or wite operation. During a stand-by cycle, bit

| ines are pre-charged at the vdd. At 30 this point, the pMOXS transfer

transi stors 321 and 322, mhich 5 are turned off, work as |oad elenents. In

order to rgtai E‘urﬁé;& <9'Pf§m g 1%aﬁef9ﬁ8§9?ﬁ¥c' N %EL[&’JJ &4 aéeet Gy rent of

t he pMOSFET- has t er t an that o even when t he
sour ce- dr akhebflaka fwithdig: AVESEEESshs cicappr ani ofif estyatle o0ttt tdfat for the
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transistor 1nh “10gic circui Fs° g| Hi gher
t hreshol d wetthages: e m:fdr{s:t atreicubient féor thd/OBFESFEE N 1N the

saturated region.is.|.ower nth or. the T 10, at. Vin.a linear
region by t r%}rCH%al’te%‘fV\El negni taﬁlale%hﬁ% fthE@%%@ u]r?c"“tﬁi di9%akage
current and.bawnd- tThdbaMbsSEEINAR ithe eHmEEAE artomEgHhl gilbalrﬁslvﬂm tike gate
bias is OV Wth, suffici %rﬁrgln for the difference between the nMOSFET

and the pMEEET, C1F& High CePYPSERRNGE BLVes ¢ et i hdtiWdth either a

| oad el enethroshel Spasitldaand Tl ofift state! 8asted Ot SitHerCeld v I N
read/ wite, operations, cell nodes have full swi ng signals. The nmaxi num
bit-1ine s?/\iln’g% © | $R HHA Gosh F gy OPed Sal @SB pEBRT Nl yEGE TThe PMUFFET | s

suf ficigent zf o i oh-sheed- %@%1%hagbetﬁgagrders of magnitude. For

these MOSFETs, junction leakage current and band-to-band
tunneling current are negligible when the gate bias is 0V.
With sufficient margin for the difference between the
nMOSFET and the pMOSFET, the high-node level cannot be

15 retained with either a load element or a specialized
circuit, at least for a single cell. In read/write
operations, cell nodes have full swing sgignals. The maximum
bit-line swings in the read cycles are approximately 1.1 V,
which is sufficient for high-speed and stable read

20 operation. When reading the cell data, the pMOS transfer
gate connected to the low-node operates as a source-follower
clrcuit.

Accordingly, the previous loadless 4T-SRAM cells are

deficient in that a data signal cannot be stably sustained

25 in cell capacitor due to several leakage paths, such as gate
oxide direct tunneling, channel leakage, and junction
leakage so that frequent data refreshing is necessary when

the cell signals go beyond the sensing margin.



20 operation. Wen reading the cell data, the pMOS transfer gate connected
to the | ownode operates as a source-follower <circuit. Accordingly, the
previ ous | oadl ess 4T-SRAM cells are deficient in that a data signal cannot
be stably sustained 25 in cell capacitor due to several |eakage paths,
such as gate oxide direct tunneling, channel |eakage, and junction |eakage
so that frequent data refreshing is necessary when the cell signals go
beyond t he sensing margin. SUMVARY OF THE | NVENTI ON The obj ect of the
present invention is to provide a |oadless and refresh-free 4T-SRAM cel

with a small cell size and{ %&.6§”§hﬁglﬁ?ﬁﬁ%ﬁbw5 To achi eve the
Ir

foregoing and other objects, the inventionis ected to novel systens
and net hods forTheveriomt mf ddrevpresentl inddnSRAM el s . pravigiee aenbodi nent

of the Syf&&&leggn cgégyé%hff?%ebgT%gF%ﬁn%%%gqgﬁgégp%%%gﬁlgell

four-transistor random access nenor bodi e i'ncl udes a
first transistorndflardenr stercomguokirgihy type having a gate coupled to a

word |ine and sour.ce coypled to a bit _Lin a second transistor of the
first égnductiST?yac %ﬁﬁ?tﬁ%ﬁ %grgggépg 886p?§%e¥09 ?#kﬁ'nt the first

t ransi st or ianen ol so U< el iceitlesd thonbeei ¥estehs raid vidtdlags by a thlrdd
transistor_of a second conductivity type hayjng a ate coupled.to_a drain
of the secBhT" TTEHEY SBVEH & cé%'é _ I88¥i%'rE%é%V%‘%ﬁ%%ﬁﬁﬁ@tVSFtage and
a drain coupéegyditem t hendhiothefrst, heahi bet ihip BERESE ,t ANGhA Jaukt h

transistor_ of the second type having a gate coupled to the drain of the 20
first tran5PeYorlangishiiitc & 3G SGCEE5 BERPYE ¢hkl seddH embodiment

10 includes a first transistor of a first conductivity type
having a gate coupled to a word line and a source coupled to
a bit line, a second transistor of the first conductivity
type having a gate coupled to a drain of the first
transistor and a source coupled to receive a first voltage,

15 a third transistor of a second conductivity type having a
gate coupled to a drain of the second transistor, a source
coupled to receive a second voltage and a drain coupled to
the drain of the first transistor, and a fourth transistor
of the second type having a gate coupled to the drain of the

20 first transistor, a source coupled to receive the second
voltage and a drain coupled to the drain of the second
transistor.

Another embodiment of the invention provides a random

access memory cell. This embodiment includes a first

25 transistor of a first conductivity type having a gate
coupled to a word line and a source coupled to a bit line, a
second transistor of a second conductivity type having a
source coupled to receive a second voltage and a drain
coupled to the drain of the first transistor, a diode having

30 an anode coupled to the drain of the first transistor and a



voltage and a drain coupled to the drain of the second transistor. Another
enbodi nent of the invention provides a random access nenory cell. This
enbodi ment includes a first 25 transistor of a first conductivity type
having a gate coupled to a word Iine and a source coupled to a bit line, a
second transistor of a second conductivity type having a source coupled to
receive a second voltage and a drain coupled to the drain of the first
transi stor, a diode having 30 an anode coupled to the drain of the first
transi stor and a cathode coupled to receive a first voltage, and an

i nverter i an .| er.m CQupRl, to e drain.of the first
transistorggghggﬁ g%?éﬁ%gt%ﬁr#géga go%p é%ggovg g%?%’oﬁn?rﬁF HEETEE
t ransi st or haBiet amanotier terbodiatenioupf etiheoi nthendrain i st | wideF iastf i r st

menory devi having a plurality of nenory cell erein data i.s read from
and wri tte%%lgﬁ %S%%%ha%C? afrheoutr%lr?ortf? rgléflﬁ)s( Fﬁ?%fslﬁ‘ﬁmg?ta |9HES C’% ti“(?nt rol
signal s onseoodd traesistkach of the nmenory cells includes a first

transistor 10 of a first conductivity ty havi ng a gate coupled to one of
the word |ines %‘?‘n‘a %n%%iﬁ’%ee"g)&?{}lm@&tt 8%%%%“{’%&313?‘? eedes @ second
transi st or £otst h@ethbditdeorilltawmingy at yRerBavtPdo m&ade, cupled to a drain
of the first transistor, and a source coupled to receive a first voltage, a

third tran¥re¥ortofe? %S gashd *O8n et ryityehypetpasaidly of ddie coupled to

a drain of mekBeysesPNd dHANRIStAL, 13n8QUHGEcEREPLEIsidhd BE &Y &id-gsecond
voltage and a drain coupled to the drain of the first™ transistor, and a

fourth trahiresor %@d@ﬁ@f§g§bﬁ@mp§§écells includes a first transistor
10 of a first conductivity type having a gate coupled to one of

the word lines and a source coupled to one of the bit lines,
a second transistor of the first conductivity type having a
gate coupled to a drain of the first transistor and a source
coupled to receive a first voltage, a third transistor of a

15 second conductivity type having a gate coupled to a drain of
the second transistor, a source coupled to receive a second
voltage and a drain coupled to the drain of the first
transistor, and a fourth transistor of the second type
having a gate coupled to the drain of the first transistor,

20 a source coupled to receive the second voltage and a drain
coupled to the drain of the second transistor.

Still another embodiment of the invention includes a
second memory device having a plurality of memory cells
wherein data is read from and written into each of the

25 memory cells through bit lines by control signals on word
lines. Each of the memory cells includes a first transistor
of a first conductivity type having a gate coupled to a word
line and a source coupled to a bit line, a second transistor
of a second conductivity type having a source coupled to

30 receive a second voltage and a drain coupled to the drain of



having a gate coupled to the drain of the first transistor, 20 a source
coupled to receive the second voltage and a drain coupled to the drain of
the second transistor. Still another enbodi nent of the invention includes a
second nmenory device having a plurality of nenory cells wherein data is
read fromand witten into each of the 25 nenory cells through bit |ines by
control signals on word |ines. Each of the nenory cells includes a first
transistor of a first conductivity type having a gate coupled to a word
line and a source coupled to a bit line, a second transistor of a second

conducti vi t | rce I 0 30_r kve C | t age
and a drai tﬁxgoﬁgfgga%%%%%i (r:1a 6{1%- ?’%ér&g?r g{l %l%g(?]ésll %@Jﬁecgq%l \(g%ee havi ng
an anode cdupliedof othdefixktaitrafsitdterf anst at cahbods ocoamied twat hode
coupled to__receive a.first voltage, and an_inverter having an_input

t er ni nal cgﬁﬁgéget% f#ﬁf%k%ﬁ%?a eTI%?d?FPSﬁnfﬁﬁggfsﬁ%yl%§mﬁ 18 Gut put

term nal coaphtdal occougbi@® tof tiHwe dedendft tABSFEstot . trinel dwesr exrbdinment of

the invention incl]udes 4T- S cell in an_SRAM array_havi ng, pairs of
R i T SRRl e Sl ROSetTa { 85 A SE N
cell includes andthst drmnsingry oof thier Shveanduat iNdélyadype 400 drawi ng a
gate couplegHgo_a first word line and a source _coupled to a first bit

line, a se€ HrapRi S yFrhdarings PadgRdaet FVFEy 39Pesfihdid gate

coupl ed tolandsai an@fatherdi ralg tdaarsissteraandna . sowrseatosplpdd1q receive
a first voltage, a third transistor of a second conductivity type 15

havi ng a gaPelEdedl @dt 15t Wi o1 RE SaE6RACPRENSEETHRY @PSour ce
coupl edh t OhpeeREVE SaseCaN MY 1a0e #NdeR UH2hN1ine and a source

coupled to a first bit line, a second transistor of the
first conductivity type having a gate coupled to a drain of
the first transistor and a source coupled to receive a first
voltage, a third transistor of a second conductivity type
15 having a gate coupled to a drain of the second transistor, a
source coupled to receive a second voltage and a drain
coupled to the drain of the first transistor, and a fourth
transistor of the second conductivity type having a gate
coupled to one of the second word lines, a source coupled to
20 one of the second bit lines and a drain coupled to the gate
of the third transistor.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully understood
from the detailed description given hereinbelow and the
25 accompanying drawings, given by way of illustration only and
thus not intended to be limitative of the present invention.
FIG. 1 is a circuit diagram of a conventional 6-
transistor (6-T) SRAM cell.
FIG. 2 is a circuit diagram of a conventional 4-T SRAM

30 cell.



coupled to the drain of the first transistor, and a fourth transistor of
the second conductivity type having a gate coupled to one of the second
word lines, a source coupled to 20 one of the second bit lines and a drain
coupled to the gate of the third transistor. BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention will becone nore fully understood fromthe
detail ed description given hereinbel ow and the 25 acconpanyi ng draw ngs,
given by way of illustration only and thus not intended to be limtative
of the present invention. FIG 1| is a circuit diagramof a conventional 6-

transistor (6-T). SRAM F .1,.S ircuit diagr of ;-a conventi onal
4-T SRAM 30 cel%%‘;‘-g I‘—slclgé.d% asﬁg\\%/g%aﬂ:c?r%céi Syt ISR BT aE = odl ess 4T-
SRAM cel | . SEAG. cdlls a bl ock di agram depicting a nenory device according

to a preferred odj nent_ of, the j.nventign..5 FIG 5 is a cjircuit diagram
depi b1 ng o 4T-FAMI ol o adOSith A52PER APPLEE LRSI R PEPBhIH et ot ¢ he
i nvention. acébfilifg itso & Prefirtredi agbadifept CoHE ngha AdvdiiMaiel | accordi ng
to a second preferred enbodinent, of the invention. FIG 7 is a circuit

di agr am depi cti hg° a RANT Gl TR 4 SdPEFRT EBPACEHHRY P pt et & dnbodi nent

of the investdbeiing A& a &ilrsta prieferbadeapbaimaepi 6t i e aiRAM G,
according to a fourth preferred enhodi nent of the invention. FIG 9 is a
circuit diagran tepittihg &AHFISRANEEFP™ deRoFEIRY 3 & Hitbilded

enbodi ment a@&otdEnd NUEMNY ifMbond preferred embodiment of the invention.

FIG. 7 is a circuit diagram depicting a RAM cell
10 according to a third preferred embodiment of the invention.
FIG. 8 is a circuit diagram depicting a RAM cell
according to a fourth preferred embodiment of the invention.
FIG. 9 is a circuit diagram depicting a 4T-SRAM cell
according to a preferred embodiment of the invention.
15 DETAILED DESCRIPTION OF THE INVENTION
Disclosed herein are novel systems and methods for non-
refresh four-transistor memory cells. To facilitate
description of the inventive system, an example system that
can be used to implement non-refresh four-transistor memory
20 cells is discussed with reference to the figures. Although
this system is described in detail, it will be appreciated
that this system is provided for purposes of illustration
only and that various modifications are feasible without
departing from the inventive concept. After the example
25 sgystem has been described, an example of operation of the
system will be provided to explain the manner in which the
system can be used to provide non-refresh four-transistor
memory cells.
Referring now in more detail to the drawings, FIG. 4 is

30 a block diagram showing a memory device according to a
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15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Di scl osed herein are novel systens
and net hods for non- refresh four-transistor nenory cells. To facilitate
description of the inventive system an exanple systemthat can be used to
i npl ement non-refresh four-transistor menory 20 cells is discussed with
reference to the figures. Although this systemis described in detail, it
Wl be appreciated that this systemis provided for purposes of
illustration only and that various nodifications are feasible wthout
departing fromthe inventive concept. After the exanple 25 system has been
descri bed, _an_exanpl e .of ..operation,of .the ,systemw ||l be provided to

expl ai n th%r%%%ﬂren&)i%"%ql PANET SPSt dRVERRT B usdll T8 Provicdd Fon-ref r esh
four-transistbudeseamrarest 143 Reafpesetdngf Nowws Namdreoaidd loft mdrey

drawi ngs, FlI 4 is 30 a block diagram showi ng.a nenory devi_ce .accordi ng
toa-io p?%&?re%l oo r‘fger‘r‘to‘jﬁF ﬁﬂecPHQiﬁ i bR, Ehe rf’é‘?ﬁﬁ‘%/y F&Hice 19 nel udes

an array 48neoapesed dicmgrand cColiurgsa0f ABAVE Yrok edd$oded @2l unm decoder
41 coupled to the memory cells in__the array 43 through bit lines 441 and a

row decbdefCuRled cleriptisy teFAte GRS $cBRE ST FRY HES drifignats wasidough wor d

lines 445.1 Thes roys degpdaiowt 2d@Yesehochap ¥OTAot i DeyddD 1ihe e array 43
when a wite, read or refresh is perforned. The row decoder 42 receives an

addr ess anb? oW emant e vharyfalvriffenreRe PEWekESTR B3 grrifamnegsserted, the

row 10 decoderrdp Sadbast idate R;:Wekdahi B8afdss CoLY %ﬁ@p%a[ﬁeto the
recei ved address. The colum decoder 41 may select a bit I ne 441 when a

wite or réd@ndk. pditen ndwe rThe epebdensignal is asserted, the row

10 decoder 42 can activate a word line 445 corresponding to the
received address. The column decoder 41 may select a bit
line 441 when a write or read ig performed. The column
decoder 41 receives an address and column enable signal.
When the column enable signal is asserted, the column

15 decoder 41 can select a bit line 441 corresponding to the
received address.

FIG. 5 shows a circuit diagram of one memory cell in
the array 43 according to a first preferred embodiment of
the invention. The memory cell includes four transistors

20 51, 52, 53 and 54. The transistor 51 is a pMOS transistor
having a gate coupled to a word line 445 (shown in FIG. 4)
and a source coupled to a bit line 441 {(shown in FIG. 4).
The transistor 51 is preferably a transfer gate. The
transistor 52 is a pMOS transistor with a gate coupled to a

25 drain of the pMOS transistor 51 and a source coupled to
receive a voltage Vgq. The transistor 53 is preferably an
nMos transistor having a gate coupled to a drain of the pMOS
transistor 52, a source coupled to receive a voltage Vg
(ground) and a drain coupled to the drain of the pMOS

30 transistor 51. The transistor 54 is preferably an nMos
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decoder 41 receives an address and columm enabl e signal. Wen the colum
enabl e signal is asserted, the colum 15 decoder 41 can select a bit line
441 corresponding to the received address. FIG 5 shows a circuit diagram
of one menory cell in the array 43 according to a first preferred

enbodi mrent of the invention. The nenory cell includes four transistors 20
51, 52, 53 and 54. The transistor 51 is a pMOS transistor having a gate
coupled to a word line 445 (shown in FIG 4) and a source coupled to a bit
line 441 (shown in FIG 4). The transistor 51 is preferably a transfer

gate. The transistor i iy & ?ﬁnﬁ'&’gﬂ%ﬁ ‘éé ?6% Bﬁhgadﬂ?g@f Goppleghsto a 25

drain of the pMOS transistor . receive a vol t age
Vdd. The traps$ssiorr 531 @ prefnsealgioypdad hhbsetennsi Siorvdldagey Vas gat e

coupled to dr a nsi r e oupl ecei ve
a voltage %@% 5(%?%%5%&%@& Eat:il% ?%”%%ﬁea? %hé?%gr gttlra%sf C% t&%os
transi stor 51. Theshoansilst eroted thaprehehabfythm pM@B;tﬁHhSusanSsBor

havi ng 9al u 10 th raln t ransi st or sour ce
couple&gto rgc%?vg M RER (ﬂQ€§ esvgs%u§%d088g$E$n %oﬁﬁﬁ%ﬁf?(? ﬁ@%ﬁﬁgln of

t he pMOS tvgnhugher BBanlVﬁﬁhOthSbEaF@ﬁfﬁbiﬂEﬂ cHacke of tibe fpMasa

transi stor nd 52 further cl ud bul k. cou to receive a

vol t age V%ﬁé %?@h © (HEK VR thﬁg guggr iV?tth3§£ iy #dr med

bet ween t h@opimgtremiaf) tde dhd MON webhyiaperdsajn (P+ doping region) of

t he pMOS tran5|stor 51. In a preferred enbodi nent, the pMOS transistor 51
10 functions as %uﬁlgﬁﬁéﬁQﬁeq(?WﬁﬁﬁﬁwﬁptthéhﬁwP¥@%gt%ﬁRF%%§ﬁﬁ s

10 functions as an isolator to control the writing and reading
of the data. For the write operation, when a data bit ~0~
is asserted on the bit line 441 and the pMOS transistor 51
is turned on by the signal on the word line 445, a low
voltage level appears on the node A, which turns on the pMOS

15 transistor 52 and turns off the nMOS transistor 54. This
pulls up the voltage on the storage node SN to Vas. The
voltage on the storage node SN further turns on the nMOS
transistor 53, which keeps the voltage on the node A at a
logic low state. Thus, the data bit “0” is latched on the

20 storage node SN. On the contrary, when a data bit 71" is
asserted on the bit line 441 and the pMOS transistor 51 ig
turned on by the signal on the word line 445, a high voltage
level appears on the node A, which turns off the pMOS
transistor 52 and turns on the nMOS transistor 54. This

25 pulls down the voltage on the storage node SN to V.. The
voltage on the storage node SN further turns off the nMOS
transistor 53, which keeps the voltage on the node A at a
logic high state. Thus, the data bit *1” is latched on the
storage node SN. Since the voltage on the node A has great

30 impact on the latching of the data bit on the storage node
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of the data. For the wite operation, when a data bit "0" is asserted on
the bit line 441 and the pMOS transistor 51 is turned on by the signal on
the word line 445, a low voltage |evel appears on the node A, which turns
on the pMOS 15 transistor 52 and turns off the nMOS transistor 54. This
pulls up the voltage on the storage node SN to Vdd. The voltage on the
storage node SN further turns on the nM3S transistor 53, which keeps the
vol tage on the node A at a logic |lowstate. Thus, the data bit "0" is

| at ched on the 20 storage node SN. On the contrary, when a data bit "1" is

asserted oayt henpi Lae: ¥l ang. dhe g%@ trapsi stor, 3lis,, tyrned on by
the signal ngr,] tgiﬁgé%\oﬂr)% Ii?]]ggl445, atz;J%hicg vol tagtl Tevel appears on t%e node
A, which térnysbfpetpenpiided r aiffiestholddagant datasbon tdhe axMdSBe r ansi st or

54. This 2 - r node, .SN t o .V. The

Vol tage on PR df oAS O G STAYR RicbREeRLO PRE R D 1t etor 55,
whi ch keepsurhenvsl ragel om frmm rl:@@el,ézwawoagagggonsm@mﬂeatpe.air;E”uus, th;ah
data bit "1" s hed..on th st orage_no i nce e voltage on e
node A as%ﬁ%ggig%gi rrgral(lzef SR Icé]tr%ﬁlngﬁ g?' l\}ﬁe %I%cgaI%iatreon t he storage

node SN, thgeefposst bielf ediage tilghertitige dgpeats 1dh athd dbdwode A nmust
be consi de%ed. e storage node SN is

al ways succ%gs}f_l%?&&g%;%ére‘g?ef?];dﬁdt%;%&gleu‘légr riﬂ?gf‘?@ﬁﬁi? SSHFSRS He | ow
vol tage onatihersetle purl eidwihegld gidhlageThe trakagee curienis etJhAa ]-}CZN and 13
e oion icemioonlahen 2 hLgh,valiggs agpears on.the node A L9 o
the vald ageonBeflientDEe dh ML ddi@ting the cell to the condition

that the sum of the leakage currents I, and I, is larger

than the leakage current I,, the data bit “1” can be

successfully held on the storage node SN without data

refreshing.

15 FIG. 6 shows a circuit diagram of one memory cell in
the array 43 according to a second preferred embodiment of
the invention. This circuit is complementary to that shown
in FIG. 5. The memory cell includes four transistors 61,
62, 63 and 64, The transistor 61 is an nMos transistor

20 having a gate coupled to a word line 445 (shown in FIG. 4)
and a source coupled to a bit line 441 (shown in FIG. 4).
The transistor 61 is preferably a transfer gate. The
transistor 62 is an nMos transistor with a gate coupled to
a drain of the nMOS transistor 61 and a source coupled to

25 receive a voltage Vi (ground). The transistor 63 is
preferably a pMOS transistor having a gate coupled to a
drain of the nMOS transistor 62, a source coupled to receive
a voltage Vgq and a drain coupled to the drain of the nMOS
transistor 61. The transistor 64 is preferably a pMOS

30 tramsistor having a gate coupled to the drain of the nMOS
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| eakage currents I, and 12 help to keep it at a high level. 10
Consequently, only by adapting the cell to the condition that the sum of
the | eakage currents |, and 12 is larger than the |eakage current 13, the
data bit "I" can be successfully held on the storage node SN w t hout data
refreshing. is FIG 6 shows a circuit diagramof one nenory cell in the
array 43 according to a second preferred enbodi nent of the invention. This
circuit is conplenentary to that shown in FIG 5. The nmenory cell includes
four transistors 61, 62, 63 and 64. The transistor GL is an nMs

transistor 2 i g r Lhe. 4 ( dn FI1G 4)
and a sourEeQ%%S%Fgg ?%,g£§?t :|nggﬁﬁ%6?gﬁghgekﬁ %?G?§%)§ ;g% t"ansi st or
61 i s prefendbhydnainapsimleddte.tiEharainapdi sher nB2Si| sramsigsivs @.ansi st or
with a gate cou ' f._the.n transistor_61 and sour ce
coupled to 25 rgégﬁvépatl%ﬂ{hg%% t%anSl fé)?r/c%%) aFHTEZ Lrlra%seilétbl}c 9%

pr ef er abl yaabpMOScowpbedi st aredrawienghe galleageupled thua, drain of the nMOS
transistor_ 62, a_source.coupled tqQ receive a vpltage Vdd d.a drain
coupl ed ¢ oPRASSHF R R HE SS R RSISEER Ba° THRCHISMTnITE 64 1 o

pr ef er abl ybalkpMOSv&01 t randidt0m hami dgpangategeenpl ef tige thogirai n of the
nMOS - 13 transi stor q%¥ a source coupled to receive the voltage Vvdd and a
drain coup%gaansY%E ain of the nMOS transistor 62. Each of the nMOS

transistors 61 mnd. 62 duwswdel dinchiidesiiagdritl Kepotpied 4 orACRIME the
voltage V. Thus, a 5 parasitic diode 65 is_ forned between the junction of

the bulk BBCREREYS arfel Ard T Mredsaineg cBgPeATent Phetlvomvention.,

10 In an example, the circuit shown in FIG. 7 isg an equivalent
circuit of the memory cell shown in FIG. 5. The RAM cell
includes a pMOS transistor 71, an nMos transistor 72, a
diode 73, and an inverter 74. The pMOS transistor 71 has a
gate coupled to a word line 445 (shown in FIG. 4) and a

15 source coupled to a bit line 441 (shown in FIG. 4). The
nMOS transistor 72 has a source coupled to receive a voltage
Ves (ground) and a drain coupled to the drain of the pMOS
transistor 71. The diode 73 has an anode coupled to the
drain of the pMOS transistor 71 and a cathode coupled to

20 receive a voltage Vg. The inverter 74 has an input
terminal coupled to the drain of the pMOS transistor 71 and
an output terminal coupled to a gate of the nMOS transistor
72. The diode 73 is the parasitic diode formed between the
bulk and drain of the pMOS transistor 71 and the inverter 74

25 may be formed by the two complementary transistors 52 and 54
shown in FIG. 5,

FIG. 8 shows a circuit diagram depicting a RAM cell
according to a fourth preferred embodiment of the invention.
In an example, the circuit shown in FIG. 8 is an equivalent

30 circuit of the memory cell shown in FIG. 6. The RAM cell
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transistor 61. FIG 7 shows a circuit diagramdepicting a RAM cel

according to a third preferred enbodi nent of the invention. 10 In an
exanple, the circuit showmn in FIG 7 is an equivalent circuit of the nenory
cell shown in FIG 5. The RAMcell includes a pMOS transistor 71, an nMs
transistor 72, a diode 73, and an inverter 74. The pMOS transistor 71 has
a gate coupled to a word line 445 (showmn in FIG 4) and a 15 source
coupled to a bit line 441 (shown in FIG 4). The nMOS transistor 72 has a
source coupled to receive a voltage V,,S (ground) and a drain coupled to

the drain QL ﬁeg g;ugga é{ t?% Ihe d%ﬁgﬁ aﬁg@gan qggde coupled to
of 0

the drain ranS|s and e coup ed 20 receive a
vol t age Vddlodél'h&BI rewed taer :LMethratMl nplhe hEOH twdncioupled 1t dshe drai n

of the pMOS_transisior 71 and out termnal coupled to ate of the
nMOS trans?s%or Eﬁ 4?&9(?(%ﬁ§ g g%g 63?a§|??%r%ﬁcﬁﬁﬁﬁg?%gﬁgﬁktmeen t he
bul k and dbatnl bfie t 4t plvtﬁet s $tahsidtapdst hikas rweﬁdﬁcaébaﬁam be

f or med he two. co nt ar tra |stors 52 a 54 shown_.in FIG
F'G 8 ok EELPIEaT th Iieinab el G A RAGPEBLPS BECORS AERHD @ f ourth

pref er red enboﬂmmn&rmsisf&ﬂ vent rma dlbaeaQB EX2EPhe, artdte Cddighlidg shown in
FIG 8 is an equivalent 30 circuit of the nenory cell shown in FIG 6. The

RAM cel | - %2 PRI YRS £f s Megnéransisger &l pwes 1 redidiedorcawled diode
83, and antbnvekd e 84 . v daMEg, t d§1a51§1c§t or 8L RasedreHape gQYPLEd to a

word |ine 445 and a source couple bit line 441. The pMOS transistor
82 has a sbUPde %@ﬁmﬂqﬁﬂ coupled to the drain of the nMOS transistor

10 81 and an output terminal coupled to a gate of the pMOS
transistor 82. The diode 83 is the parasitic diode formed
between the bulk and drain of the nMOS transistor 81 and the
inverter 84 may be formed by the two complementary
transistors 62 and 64 shown in FIG. 6.

15 FIG. 9 shows a circuit diagram of a memory cell
implemented in SRAM form according to a preferred embodiment
of the invention. The memory array of an SRAM includes
pairs of bit lines BL; and BL,, and word lines WL, and WL,.
The SRAM cell includes four transistors 91~94. The

20 transistor 91 is preferably a pMOS transistor having a gate
coupled to a word line WL; and a source coupled to a bit
line BL;. The transistor 92 is preferably a pMOS transistor
with a gate coupled to the drain of the pMOS transistor 91
and a source coupled to receive a voltage Vag. The

25 transistor 93 is preferably an nMos transistor having a gate
coupled to the drain of the pMOS trénsistor 92, a source
coupled to receive a voltage Vge (ground) and a drain
coupled to the drain of the pMOS transistor 91. The
transistor 94 is preferably an nMos transistor with a gate

30 coupled to a word line WL2, a source coupled to a bit line
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5 to receive a voltage Vdd and a drain coupled to the drain of the nMOS
transi stor 81. The di ode 83 has an anode coupled to the drain of the nMOS
transi stor 81 and a cathode coupled to receive a voltage Vss(ground). The
inverter 84 has an input termnal coupled to the drain of the nMOS
transistor 10 81 and an output term nal coupled to a gate of the pMOS
transistor 82. The diode 83 is the parasitic diode formed between the bulk
and drain of the nMOS transistor 81 and the inverter 84 nay be fornmed by
the two conplenentary transistors 62 and 64 shown in FIG G 15 FIG 9

shows a ci [ opl nt eq, SRAMf
accordi ng %(E)Haép&:e?aggfrﬂg&l %gg%%%tg EE? ?ﬁ% |%€e 5 on. # gaﬁlgr}gﬁ%y array of
an SRAM i ngB udeshe pailkss aff hilte pMGSStBhﬂnmaudrM andnosondanisiesorW.1 and

W.2. The Réb\zl_yelacell iq:cl u es fou; nsi stors %lﬁ Thcte ZOVIrans stor 91
i s preferadl y"5 pMEITENS % 5 Rad ngo 2" AT BVE Ut 'R 135 % Vaertd Y i ne w1

and a sourtz@ coepkediti)caibcbdes lamearBlbes a‘fheréépaats{r@ly%mﬁedareferabl y a

pl\/DStr st or th a gate coyl led to_the drain of the pMOS transistor 91
and a sour BUEETH V%EF ]19‘5 gaw}B‘Ft Sﬁet%dpMosl'h%r%JtSr%l 9t 611993 i s

pr ef er abl ynlaﬁsntMEkﬁw.sté,’tﬂﬁSI@t or haV| ng a gate coupled to the drain of the
pMOS transi st or a source coupled to receive a voltage Vas (%round) and

a drain coupl e%tt%”‘f“l'?éi deaineter that  pMesthe apgst@rs o depsaibedansi st or

94 is pref grabhymait HIMIhid RS %Eoﬁfdc}’\‘atrﬂ 935 3 ceuphedat Rignwprd line
W2 a source coupl ed to a bit line" x5 BL2 and a drain coupl ed t% the

gate of th@RAMBE TEFRASFEYREY- 93. The bul ks of the pMOS transistor 91 and
NM3XS ity ansi St Ofpe preferred embodiments of the present invention

provide a loadless and refresh-free 4T-SRAM cell with small
cell size and larger sensing margin. In an example, the 4T-
SRAM cell is constructed with an inverter, a pass gate and a
pull down (or pull up for P type cell) transistor. The

15 leakage current from Vg through the P/NW junction helps the
cell to sustain data so that no refresh operation is needed.

The foregoing description of the preferred embodiments

of this invention has been presented for purposes of
illustration and description. Obvious modifications or

20 variations are possible in light of the above teaching. The
embodiments were chosen and described to provide the best
illustration of the principles of this invention and its
practical application to thereby enable those skilled in the
art to utilize the invention in various embodiments and with

25 wvarious modifications as are suited to the particular use
contemplated. All such modifications and variations are
within the scope of the present invention as determined by
the appended claims when interpreted in accordance with the
breadth to which they are fairly, legally, and equitably

30 entitled.
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94 are respectively coupled to receive the voltage Vdd and V... Parasitic
di odes 95 and 96 are respectively forned 5 between the bul ks and drains of
the pMOS transistor 91 and nMOS transistor 94. It should be noted that,
in the previously described enbodinents, the voltage vd d and V,, may be
replaced with V,,, and Vbb respectively. 10 The preferred enbodi nents of
the present invention provide a |oadless and refresh-free 4T-SRAM cel
with small cell size and |arger sensing nmargin. In an exanple, the A4T-
SRAM cell is constructed with an inverter, a pass gate and a pull down
(or pull up for P type cell) transistor. The 15 | eakage current from Vvdd

t hrough t hgnha&/ NWéiGidPm el ps the cell to sustain data so that no
refresh operation is needed. The foregoing description of the preferred
enbodi nents of_this invention has been presented for purposes of
illustration ant- destriti GFarsHwitots TABEPT 2AETTHIYIOR0 GRdrli ations are
possi bl e iaohﬁﬁbéifﬁ;the above teaching. The enbodi nents were chosen and
described to provide the best illustration of the principles of this

i nvention and i&stipftaciiadeliskepl Pani Bhreb ePrRedil eHablterchdseiski |l ed in

the art to utilize theglpyeptiOed ntyal L4y gqggdgﬁgpgssgggcgﬁth 25

various nodifications as_are suited to the particu use contenpl at ed.
Al'l such nodificatiofAsuphedvee iathionsiiaree within the scope of the present

accor dance it e by Cadr L RPN Fheg ore FATTTs: I HERRITFE and
equitably 30 entitledaviid® a gate coupléd to a drain of the first
transistor and a source coupled to receive a
first voltage;
a third transistor of a second cdnductivity type having
a gate coupled to a drain of the second
transistor, a source coupled to receive a second
voltage and a drain coupled to the drain of the
first transistor; and
a fourth transistor of the second conductivity type
having a gate coupled to the drain of the first
transistor, a source coupled to receive the
second voltage and a drain coupled to the drain

of the second transistor.

2. The four-transistor random access memory cell as
in claim 1, wherein the first transistor further comprises a

bulk coupled to receive a third voltage.

3. The four-transistor random access memory cell as
in claim 2, wherein the first voltage is Vs, the second

voltage is a ground voltage and the third voltage is Vpp

higher than V.
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What is claimed is: 1. A four-transistor random access nenory cel
conprising: a first transistor of a first conductivity type having a gate
coupled to a word Iine and a source coupled to a bit line; a second

transi stor of the first conductivity type having a gate coupled to a drain
of the first transistor and a source coupled to receive a first. voltage;
a third transistor of a second conductivity type having a gate coupled to
a drain of the second transistor, a source coupled to receive a second
voltage, and a drain coupled to the drain of the first transistor; and a
fourth transistor of the second conductivity type having a gate coupled to

the drain of the firgge fa&nsarsqtrgrl,st@rseahasmcge@égg %ﬂn&ﬂ?ede}ﬁ the second

vol tage and a drain coupled to the drain of the second transistor. 2. The
f our - transF§t6la%@n%oﬁ¢%@6§§B1ﬂﬁhﬁﬁy3@ewplégge|hSd%ahntme aberedn the first

transistor (hyurLher; CORpPr LagscRe O Ky G gﬁﬁH% %%fgh_ e& Eg Lhdy voltage 3.

The four-transiStor random access nenory c Yein the
first voltage is Vvdd, the second voltage is a ground voltage and the third
voltage is Vpp5-hig%k# i tuggrsiBrox, rIRdonoarces Ay aedidém access

menory celk;8812im 1, wherein the second transistor further comprises

a bulk coupled to receive a third voltage.

6. The four-transistor random access memory cell as
in claim 5, wherein the first voltage is Vs, the second
voltage is a ground voltage and the third voltage is Vpp

higher than Vaa.

7. The four-transistor random access memory cell as
in claim 5, wherein the first voltage is Va4, the second

voltage is Vp, and the third voltage is Vpp higher than Vag.

8. The four-transistor random access memory cell as
in claim 1, wherein the first transistor further comprises a

bulk coupled to receive the first voltage.

9. The four-transistor random access memory cell as
in claim 8, wherein the first voltage is Vgq and the second

voltage is a ground voltage.

10. The four-transistor random access memory cell as
in claim 8, wherein the first voltage is Vi and the second

voltage is V.

11 The four-transistor random access memory cell as
in claim 1, wherein the second transistor further comprises

a bulk coupled to receive the first voltage.

~18-



inclaim2, wherein the first voltage is Vvdd, the second voltage is Vbb
and the third voltage is VPP higher than vVdd. 5. The four-transi stor random
access nmenory cell as in claiml, wherein the second transistor further
conprises a bulk coupled to receive a third voltage. 6. The
four-transistor random access nenory cell as in claim5, wherein the first
voltage is Vdd, the second voltage is a ground voltage and the third
voltage is Vpp higher than Vdd. 7. The four-transistor random access
menory cell as in claim5, wherein the first voltage is vdd, the second
voltage is Vbb and the third voltage is Vpp higher than vdd. 8. The

four-transi stor;gandpme acGess MBMALY oeehkhndsm hAc£iai o phanial et he first
transi stor further conprises a bulk coupled to receive the first voltage.

9. The fouilt FaRshstbr wharfim ddcedd rAEnYPYLade| 1asVaai And| Bhen Secam®r ei n
the first yghtage is §k5&5HHBthiﬁ%%gond voltage is a ground vol tage. 10.

The four-transiStor random access mory cell as in claim8, wherein the
first voltage is Vdd and the second voltage is Vbb. 11 The four-transistor
random access nkdor yTee| fous trigmsdissiom Tandper efeeshaeersahdallansi st or

further CORRILegsm f1DUeapled O LECELYEaLDe L IVa YAl LAO%secdlly 12. The
four-transistor random access nenory cell as “in clarm 11, erern the
first vol tdgétageVda and the second voltage is a ground voltage. 13. The

four-transi stor random access nenory cell as
14. The four-transistor random access memory cell as

in claim 1, wherein the first and second conductivity types

are respectively P and N type.

15. A random access memory cell comprising:

a first transistor of a first conductivity type having
a gate coupled to a word line and a source
coupled to a bit line;

a second transistor of a second conductivity type
having a source coupled to receive a second
voltage and a drain coupled to the drain of the
first transistor;

a diode having an anode coupled to the drain of the
first transistor and a cathode coupled to receive
a first voltage; and

an inverter having an input terminal coupled to the
drain of the first transistor and an output
terminal coupled to a gate of the second

transistor.

16. The random access memory cell as in claim 15,

wherein the inverter comprises:
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in claiml1l, wherein the first voltage is Vdd and the second voltage is
Vbb. 14. The four-transistor random access nenory cell as in claiml,
wherein the first and second conductivity types are respectively P and N
type. 15. A random access nenory cell conprising: a first transistor of a
first conductivity type having a gate coupled to a word |line and a source
coupled to a bit line; a second transistor of a second conductivity type
havi ng a source coupled to receive a second voltage and a drain coupled to
the drain of the first transistor; a diode having an anode coupled to the
drain of the fjirst; tyansishoiandesa, gat C £0.r iye a first
vol t age; and aﬁiﬂ%%g%{er ]égﬁ%ﬁggagfiﬁ%gtP?%%#ﬁééﬁ&éﬁkﬁﬁaggeﬁnghe drai n of
the first transistorhaninam catputcoupdrad tal tbeugkeint of atigatEimdt t he

second transistor. ._The random access nenor e%l as in _claim15,
nhorein thaivert or FEand IR RN SRR TRIREL GOty Aol iVE AL

conductivity type havreg eoDege carp ed to the drain of the first
transi stor and aé§ouQ:e coupl.e ive the fiQﬁE vol.ta and a fourth

t ;
transistor of the ¥ &I@@ﬁ&&gPFSP%Sggﬁp@ecﬂ%@i?EP ﬁﬁ%ﬁ%tggﬁﬁpgd to the

drain of the first having a gate coupled to the drain of the first
transistor, a source coupled to receive the
second voltage and a drain coupled to the drain

of the third transistor.

17. The random access memory cell ag in claim 16,
wherein the first and third transistor each comprise a bulk

coupled to receive a third voltage.

18. The random access memory cell as in claim 17,
wherein the first voltage is Vg, the second voltage is a

ground voltage and the third voltage is Vpp higher than Vgg.

19. The random access memory cell as in claim 17,
wherein the first voltage is Va4, the second voltage is Vi

and the third voltage ig Vpp higher than V.

20. The random access memory cell as in claim 16,
wherein each of the first and third transistors comprises a

bulk coupled to receive the first voltage.

21. The random access memory cell as in claim 20,
wherein the first voltage is Vg and the second voltage is a

ground voltage.
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transi stor, a source coupled to receive the second voltage and a drain
coupled to the drain of the third transistor. 17. The random access nenory
cell as in claim16, wherein the first and third transistor each conprise
a bulk coupled to receive a third voltage. 18. The random access nenory
cell as in claim17, wherein the first voltage is Vdd, the second voltage
is a ground voltage and the third voltage is Vpp higher than vdd 19. The
random access nmenory cell as in claim17, wherein the first voltage is
vdd, the second voltage is Vbb and the third voltage is Vpp higher than
vVdd 20. The random access nenory cell as in claim16, wherein each of the

first and thi rdzﬁranﬁ&étﬂrﬁi&prgarae%%sm@mobyl erfpugé%t@larﬁ&ezd/e the first
voltage. 21. The random access nenory c as in claim 20, wherein the

first vol t Heresn Vielee ahior stheyoddeard l@olvaca@@du shg sgroufdvebtaggeis 22, The
random accggs menory cell as in claim20, wherein the first voltage is Vdd
and the secdnd voltage is Vbb . 23. The random access nenory cell as in
claim16, wherein the diode is formed by a junction between the bulk and
drain of the fi#%t tTemsjaqidnm aggess menpry dell ces conpriaimgié.a plurality

of menory ﬁﬁéi‘élﬂ‘h@{@'cﬁ&?& ad $dhRd igg,ow 1 8Rd: ﬁtﬁg&ééﬁoﬁﬁeﬁ%ﬂ the

menory cells through bit lines by control "signals on word Tines, each of
t he nenoryagé| dsatompf igindirst transistor.

24. A memory device comprising:

a plurality of memory cells wherein data is read from
and written into each of the memory cells through
bit lines by contrel signals on word lines, each
of the memory cells comprising:

a first transistor of a first conductivity type
having a gate coupled to one of the word
lines and a source coupled to one of the bit
lines;

a second transistor of the first conductivity type
having a gate coupled to a drain of the
first transistor and a source coupled to
receive a first voltage;

a third transistor of a second conductivity type
having a gate coupled to a drain of the
second transistor, a source coupled to
recelive a second voltage and a drain coupled
to the drain of the first transistor; and

a fourth transistor of the second conductivity
type having a gate coupled to the drain of
the first transistor, a source coupled to

receive the second voltage and a drain
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a first transistor of a first conductivity type having a gate coupled to
one of the word |lines and a source coupled to one of the bit Ilines; a
second transistor of the first conductivity type having a gate coupled to
a drain of the first transistor and a source coupled to receive a first
voltage; a third transistor of a second conductivity type having a gate
coupled to a drain of the second transistor, a source coupled to receive
a second voltage and a drain coupled to the drain of the first transistor;
and a fourth transistor of the second conductivity type having a gate

coupled to the drain of thgpiédsto t&dSSHY o r$RULEE RQUP! ed to receive
the second voltage and a dra?n céﬁpled toat g drgin o?otﬁe second

transistor. 25. The nenor§rdesieec’ms in claim?24, wherein the first
transi stor further conprises a bulk coupled to receive a third voltage.

26. The memory gevi ofh@snddb:S) ddize aWhehebnatifie s finst vl tage is vdd,
the second voltage is a ground voltage and t%e third voltage 1I's Vpp higher
than vdd 2%irshet memdigtaeViwdhey icompiracms 25, buheredupldre td iresteiwe t age
is vdd, thg sgepqad,yoliage is Vbb and the third voltage is Vpp higher

t han Vvdd

26. The memory device as in claim 25, wherein the
first voltage is Va, the second voltage is a ground voltage

and the third voltage is Vpp higher than Vag.

27. The memory device as in claim 25, wherein the
first voltage is Vg, the second voltage is V,, and the third

voltage is Vpp higher than V.

28. The memory device as in claim 24, wherein the
second transistor further comprises a bulk coupled to

receive the third voltage.

29. The memory device as in claim 28, wherein the
first voltage is Vg, the second voltage is a ground voltage

and the third voltage is Vpp higher than Vas.

30. The memory device asg in c¢laim 28, wherein the
first wvoltage is Vga, the second voltage is Vi, and the third

voltage is Vpp higher than Vas.

31. The memory device as in claim 24, wherein the
first transistor further comprises a bulk coupled to receive

the first voltage.
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28. The nmenory device as in claim24, wherein the second transistor
further conprises a bulk coupled to receive the third voltage. 29. The
menory device as in claim28, wherein the first voltage is Vvdd, the second
voltage is a ground voltage and the third voltage is VpP higher than Vvdd.
30. The nenory device as in claim28, wherein the first voltage is Vvdd,
the second voltage is Vbb and the third voltage is Vpp higher than Vvdd.
31. The nenory device as in claim?24, wherei-n the first transistor further
conprises a bulk coupled to receive the first voltage. 32. The nmenory
device as in claim31l, wherein the first voltage is Vvdd, the second

voltage is a grosnd Mol tagerandibe LBi L apé_{rﬁgoel' SR 4 @1 ghgr than Vvdd

33. The nenory device as in ¢laim31l, wherein the first voltage is Vvdd,
t he secondf¥®ft affel fagevply ad: thee teteiccand \V@Mcag@ is ¥pproueheroltwe Vdd.

34. The rreggaythl@v&gpr@g,dlncgl m %4 h Lei Ryapdy;t he second transistor
further conprises a bul coﬁ1 eél ¥ |eve t% Yf‘ﬁ"st vol tage. 35. The

menory device as in claim 34, mhereln the first voltage is Vdd, the second
voltage is a grdund st t“lf@@rYaﬂGVﬂﬁé BAi it@ Qbﬁiv&g?eld i it #her than vdd.

36. The ne I e: firs o] g vdd,
t he secondﬁ%/)%%/% g‘gcgii%gg%%bé giﬁg tadr%rg% t%%cr gg %g ¥ %H& kfgr@ ]t?]ﬁ%%dVdd

37. The neVdtyadevitd/rashighet dilmrQZVddwherel n t he f| rst and second
conductivity types are P and N type

34. The memory device as in claim 24, wherein and the
second transistor further comprises a bulk coupled to

receive the first voltage.

35. The memory device as in c¢laim 34, wherein the
first voltage is Vs, the second voltage is a ground voltage

and the third voltage 1s Vpp higher than Vgs.

36. The memory device as in claim 34, wherein the

first voltage is Vi, the second voltage is Vi, and the third

voltage is Vpp higher than Vg.

37. The memory device as in ¢laim 24, wherein the
first and second conductivity types are P and N type

respectively.

38. A memory device comprising:

a plurality of memory cells wherein data is read from
and written into each of the memory cells through
bit lines by control signals on word lines, each
of the memory cells comprising:

a first transistor of a first conductivity type having
a gate coupled to a word line and a source

coupled to a bit line;
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respectively. 38. A nenory device conprising: a plurality of nmenory cells
wherein data is read from and witten into each of the nenory cells
through bit lines by control signals on word |lines, each of the nenory
cells conprising: a first transistor of a first conductivity type having a
gate coupled to a word line and a source coupled to a bit line; -23 a
second transi stor of a second conductivity type having a source coupled to
receive a second voltage and a drain coupled to the drain of the first
transi stor; a diode having an anode coupled to the drain of the first

transistor and 2 salhdle. COlAGA Orf GCRLYnaobhESLe M0l LAGRpANd an

inverter having an input term nal couple rarn first
transi stor and an ouﬁBU@ngtérﬁ®%@¢chmHﬂéﬂiﬁ@ aegetizeoh sheomsa@cond

transi stor. 39, The GEFPL-Oeiop 5,10 GLAESE, Wierln,Lh, foverter

further conprises: transi stor of rst “conductivi type
havi ng a gate coupl edirstt headsbsronf the first transistor and a source

cecond conduct 1 i 5ty e R G “SPE5: sBlBRER Rt 6% HETRAHT 67 ne Ti rot
first transistor and a cathode coupled to receive
a first voltage; and
an inverter having an input terﬁinal coupled to the
drain of the first transistor and an output

terminal coupled to a gate of the second

transistor.

39. The memory device as in claim 38, wherein the

inverter further comprises:

a third transistor of the first conductivity type
having a gate coupled to the drain of the first
transistor and a source coupled to receive the
first voltage; and

a fourth transistor of the second conductivity type
having a gate coupled to the drain of the first
transistor, a source coupled to receive the
second voltage and a drain coupled to the drain

of the third transistor.

40. The memory device as in claim 39, wherein the
first and third transistors each comprise a bulk coupled to

receive a third voltage.

41. The memory device as in claim 40, wherein the
first voltage is Vdd, the second voltage is a ground voltage

and the third voltage is VPP higher than Vvdd.
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transi stor, a source coupled to receive the second voltage and a drain
coupled to the drain of the third transistor. 40. The nmenory device as in
claim39, wherein the first and third transistors each conprise a bul k
coupled to receive a third voltage. 41. The nenory device, as in claim40,
wherein the first voltage is Vdd, the second voltage is a ground voltage
and the third voltage is VPP higher than Vdd. -24 42. The nenory device as
in claim40, wherein the first voltage is Vdd, the second voltage is Vbb
and the third voltage is VPP higher than vdd. 43. The nenory device as in
claim39, wherein the first and third transistors each conprise a bulk

coupled to recgpve #he ddily ‘é@vtl%eas‘%n ENg1 HRIR! Vi élcr? @x in claim

43, wherein the first voltag is Vdd and the second voltage is a ground
vol tage. 4bB1rThevolrasry deWidde &dei secPrafnvedtagmetei Vst Aed thede is formed

by a ] unct Lon, belupeld he, Ruik 1Rl ghgnofgat he first transistor. 46. A

4T-SRAM cell in a S array havi'ng pairs o first and second bit |ine,
and a first and second word line, conprising: a first transistor of a
first conductivity tSise UemATy dexigat escouprlainod dnevhgraie fihest wor d

lines and fa.source GoUR §d tn%:%'&%r%f e}r&/lggl Lbﬁlﬁ%lgét lﬂm’co%pﬁee%o

transi stor of the first conductivit
‘ receive the first voltage

44. The memory device as in claim 43, wherein the
first voltage is Vdd and the second voltage is a ground

voltage.

45. The memory device as in claim 39, wherein the

diode is formed by a junction between the bulk and drain of

the first transistor.

46. A 4T-SRAM cell in a SRAM array having pairs of a
first and second bit line, and a first and second word line,
comprising:

a first transistor of a first conductivity type having

a gate coupled to one of the first word lines and
a source coupled to one of the first bit lines;

a second transistor of the first conductivity type
having a gate coupled to a drain of the first
transistor and a source coupled to receive a
first voltage;

a third transistor of a second conductivity type having
a gate coupled to a drain of the second
transistor, a source coupled to receive a second
voltage and a drain coupled to the drain of the

first transistor; and
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having a gate coupled to a drain of the first transistor and a source
coupled to receive a first voltage; a third transistor of a second
conductivity type having a gate coupled to a drain of the second

transi stor, a source coupled to receive a second voltage and a drain
coupled to the drain of the first transistor; and -25 a fourth transistor
of the second conductivity type having a gate coupled to one of the second
word |ines, a source coupled to one of the second bit Iines and a drain
coupled to the gate of the third transistor. 47. The 4T-SRAM cell as in

ot Cvel  conn Okt Ofand 8 da [ B0 SLOURNNLRARSLEL ALy Afhe e

respectively coupled to receive the first and seco
4T-SRAM cel | as in chavingca gheeetouphed fia sine airfd thecesrdoodndoetli vity

types are reSpeCt'Vthngsgng QE&¥8§'coupled to one of the second bit

lines and a drain coupled to the gate of the

third transistor.

47. The 4T-SRAM cell as in claim 46, wherein bulks of
the first and fourth transistor are respectively coupled to

receive the first and second voltage.

48. The 4T-SRAM cell as in claim 46, wherein the first

and second conductivity types are respectively P and N type.
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