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Technical Field of the Invention The present invention relates to SRAM
menory cwDlog/osderzh are resistant to a single event upset PC3HSp3/1@ackgr ound
of the Invention and Prior Art A nenory, such as a static random access
menory (SRAM), typically conprises a plurality of nenory c'ells each of
whi ch stores a bit of information. A nenory cell 10 that is popularly used
in an SRAMis shown in Figure 1. The nenory cell 10 is a six transistor
cell and includes a first inverter 12 and a second inverter 14. The first
inverter 12 includes MOSFETs 16 and 18, and the second inverter 14

i ncl udes MOSFETs 20 angE%ZREghggw cRaberRRal § FDBQA@( MaetEls 16 and 20
are coupl ed to a source VSS, and the drain term na t he MOSFETs 18 and
22 are' coupled to a reference VDD. The first and second inverters 12 and
14 are cross he ate term nals of the MOSFETs 16
and 18 are ¢ Y ¥t he MOSFET 20 and to the
source term nal of the I\/DSFET 22 and the gate _termnals_of the MOSFETs 20
and 22 are coupl ed to tHee \EF O WHB5ETEPERLSHRIAH2TF0EC SRAM memory

cells which are resistant to a single event upset (SEU).

Background of the Invention and Prior Art

A memory, such as a static random access memory
(SRAM) , typically comprises a plurality of memory cells
each of which stores a bit of information. A memory cell
10 that is popularly used in an SRAM is shown in Figure 1.
The memory cell 10 ig a six transistor cell and includes a
first inverter 12 and a second inverter 14. The first
inverter 12 includes MOSFETs 16 and 18, and the second
inverter 14 includes MOSFETs 20 and 22.

The source terminals of the MOSFETs 16 and 20
are coupled to a source VSS, and the drain terminals of
the MOSFETs 18 and 22 are coupled to a reference VDD. The
first and second inverters 12 and 14 are cross coupled.
Accordingly, the gate terminals of the MOSFETs 16 and 18
are coupled to the drain terminal of the MOSFET 20 and to
the source terminal of the MOSFET 22, and the gate

terminals of the MOSFETs 20 and 22 are coupled to the



drain termnal of the MOSFET 16 and to the source term nal of the MOSFET
18. Afirst transm ssion gate 24 includes a MOSFET having its source/drain
circuit cwopBessethe gate termnals of the MOSFETs 16 andPC8/tmaslia2veé gat e
termnal coupled to a word line W.. Al so, a second transm ssion gate 26

i ncl udes a MOSFET having its source/drain circuit coupled the gate
termnals of the MOSFETs 20 and 22 and its gate termnal coupled to the
word line W.. The nmenory cell 10 is vulnerable to high-energy particles
froma radiation harsh environnent and hence is prone to losing its

programm ng si:3 & UPOAnihg] 0SE UERENEESFEDT 1 SELUSG OVET tiRe | 36 GLCE aPEEMOHAl
i ncident radiation energy and/or charge. A polysilicon resistor in the

i nverter cros WAk f.the nmenory cell has been suggested as a
solution to t |§9$oss %?E%ro%rannlng state upon the occurrence of a SEU. A
menory cell 30 having s

resistor is sho u e.2. T
cell 30 again is a si t?ﬁﬁ%?s?ﬁ?n%%+?8%%% ?%@?u%%s i???? ?hﬁggf
and a second inverter 34. The first inverter 32 includes MOSFETs 36 nd
38, and the SEEGH | hverFerae/ TFRlndesr CWOBFETSP4ed anle 4gate terminals

of the MOSFETs 16 and 18 and its gate terminal coupled to
a word line WL.. Also, a second transmission gate 26
includes a MOSFET having its source/drain circuit coupled
the gate terminals of the MOSFETs 20 and 22 and its gate
terminal coupled to the word line WL.

The memory cell 10 is vulnerable to high-energy
particles from a radiation harsh environment and hence is
prone to losing its programming state upon the occurrences
of SEUs over a large range of incident radiation energy
and/or charge.

A polysilicon resistor in the inverter cross
coupling of the memory cell has been suggested as a
solution to this loss of programming state upon the
occurrence of a SEU. A memory cell 30 having such a
resistor is shown in Figure 2. The memory cell 30 again
is a six transistor cell and includes a first inverter 32
and a second inverter 34. The first inverter 32 includes
MOSFETs 36 and 38, and the second inverter 34 includes

MOSFETs 40 and 42.



2 WO 03/085673 PCT/US03/ 10270 The source term nals of the MOSFETs 36 and 40
are coupled to a source VSS, and the drain termnals of the MOSFETs 38 and
42 are cowplosdsices a reference VDD. The first and second iPeTarsh®I®’82 and
34 are cross coupled. Accordingly, the gate term nals of the MOSFETs 36
and 38 are coupled to the drain termnal of the MOSFET 40 and to the
source termnal of the MOSFET 42 through a feedback resistor 44, and the
gate termnals of the MOSFETs 40 and 42 are coupled directly to the drain
termnal of the MOSFET 36 and to the source term nal of the MOSFET 38. A

first transm ssion gateryd inetudessanMBRETr hayd ngod#eTs 0s CoAdred n
circuit coupled the gate termnals of the MOSFETs 36 and 38 and its gate

term nal coupl ed#%%ﬁ/fng IC? Qg ]y!, ﬁgo r?d%ﬁ%@réir?nt?&rﬁﬁﬁgfsgéfe 48

i ncl udes a S source drain Circuit cou e gate
term nal s of the MOSEETs 40 an and ts term cou t he
word |ine W.FRMAGTERLE 1§, 21 %e %e%lf%t%%%% %(% YR e 5% ce Q@St&fh?m
changes exponenti al | y W th terrperature Hence, at high terrperatures

(i ni mum r esi SH7SHE 13594 $PRONG HEYRESCHT 034 Rl by t 3 n%%?% CRMPLSH t 0 SEUs
is | ow
Accordingly, the gate terminals of the MOSFETs 36 and 38

are coupled to the drain terminal of the MOSFET 40 and to
the source terminal of the MOSFET 42 through a feedback
resistor 44, and the gate terminals of the MOSFETs 40 and
42 are coupled directly to the drain terminal of the
MOSFET 36 and to the source terminal of the MOSFET 38.

A first transmission gate 46 includes a MOSFET
having its source/drain circuit coupled the gate terminals
of the MOSFETs 36 and 38 and its gate terminal coupled to
a word line WL. Also, a second transmission gate 48
includes a MOSFET having its source/drain circuit coupled
the gate terminals of the MOSFETs 40 and 42 and its gate
terminal coupled to the word line WL.

Unfortunately, the resistance of the feedback
resistor 44 changes exponentially with temperature.
Hence, at high temperatures (minimum resistivity), the
immunity provided by the memory cell 30 to SEUs is low.
At low temperatures, the resistivity is high so that the
immunity provided by the memory cell 30 to SEU events is

also high. However, the high resistance at low
3



At |low tenperatures, the resistivity is high so that the immunity provided
by the nenory cell 30 to SEU events is also high. However, the high

resi st ancwoas/ogsm 3 WO 03/ 085673 PCT/ US03/ 10270 t enper at uiPez/usestedes t he
progranmm ng speed of the nenory cell 30. Also, the polysilicon that is
required to provide sufficient resistance for the feedback resistor 44
uses up too much val uable silicon. Thus, two back-to-back Schottky di odes
coupled in parallel to a seventh transistor has been suggested as an
alternative solution to the problemof |oss of programm ng state upon the

oceur 1 ence of; BB c A dPYraddl IR0 fodshirinddtbeice s oL i Rigssne 3.
The nenory ceII 50 is a seven transistor plus Schottky diode cell and

includes a f| ertﬂ d§§8&§%r’%} %ﬁ&loﬂdcdrp‘écg{at@rléﬂ're Jherdd rgd inverter

52 i ncl udes s 56 "an t'he  seco i nverter 54 |ncludes NCSFETS

60 d 62. Th t |.s of t T d;
sou?ge VSS, §ﬁ5§? Celﬁ?]Eighﬁré%%&ghanqﬁmaﬁﬁﬁéﬁ?%%§§£ %ﬁ%g%gup ed

to a reference VDD. The first and second jnverters 52 and 54 are cross
coupl ed.  AcdBRF M O HE G- huab $1a7 55 1% he MOSFETs 56 and 58

Thus, two back-to-back Schottky diodes coupled
in parallel to a seventh transistor has been suggested as
an alternative solution to the problem of loss of
programming state upon the occurrence of a SEU. A memory
cell 50 of this type is shown in Figure 3. The memory
cell 50 is a seven transistor plus Schottky diode cell and
includes a first inverter 52 and a second inverter 54.

The first inverter 52 includes MOSFETs 56 and 58, and the
second inverter 54 includes MOSFETs 60 and 62.

The source terminals of the MOSFETs 56 and 60
are coupled to a source VSS, and the drain terminals of
the MOSFETs 58 and 62 are coupled to a reference VDD. The
first and second inverters 52 and 54 are cross coupled.
Accordingly, the gate terminals of the MOSFETs 56 and 58
are coupled to the drain terminal of the MOSFET 60 and to
the source terminal of the MOSFET 62 through the
source/drain circuit of a MOSFET 64 and parallel back-to-
back Schottky diodes 66, and the gate terminals of the
MOSFETs 60 and 62 are coupled directly to the drain

terminal of the MOSFET 56 and to the source terminal of
4



are coupled to the drain termnal of the MOSFET 60 and to the source
termnal of the MOSFET 62 through the source/drain circuit of a MOSFET 64
and par alwelo3jsssks t o- back Schottky di odes 66, and the gareTtuspimnad s of
the MOSFETs 60 and 62 are coupled directly to the drain termnal of the
MOSFET 56 and to the source termnal of 4 WO 03/085673 PCT/ US03/ 10270 the
MOSFET 58. The gate term nal of the MOSFET 64 is coupled to a word |ine
W.. Afirst transm ssion gate 68 includes a MOSFET having its source/drain
circuit coupled the gate termnals of the MOSFETs 56 and 58 and its gate

term nal couphgd dhrAeNOr drld Rga W+ Atiha 2 Srecand Moansmssian gate 70
i ncludes a MOSFET having its source/drain circuit coupled the gate

\ormnals of L NEPRETS SR and G apd 115 gate, termnal coupl ed Lo {ne
i gh canductivi ty path TS BT SRRt B B SR Hrtee Ry he
standby/ programy N9 At et AR S e SO EE 1 & nd "Sa B VLA 1 09 O
of the MOSFETs 56 and 58 and its gate terminal coupled to
the word line WL. Also, a second transmigsion gate 70
includes a MOSFET having its source/drain circuit coupled
the gate terminals of the MOSFETs 60 and 62 and its gate
terminal coupled to the word line WL.

The back-to-back Schottky diodes 66 provide the
feedback resistance needed to resist SEUs. The MOSFET 64
is used only to provide a high conductivity path during
write operations but has no use during the
standby/programming state.

Unfortunately, control over the manufacturing of
the Schottky diodes 66 during fabrication of the memory
cell 50 is very poor due to processing complexity. This
poor manufacturing control results in a wide variation in
feedback resgistance and, hence, a wide variation in SEU
immunity. Also, for the memory cell 50 to operate
properly during normal conditions, the feedback resistance
value should be low enough to offer enough conductivity to

keep the first and second inverters 52 and 54 cross

coupled. The Schottky diodes 66, due to the
5



the Schottky di odes 66 during fabrication of the menory cell 50 is very
poor due to processing conplexity. This poor manufacturing control results
in a w dewoasisisidbn in feedback resistance and, hence, aP@irdsovanir@ati on in
SEU imunity. Al so, for the nenory cell 50 to operate properly during
normal conditions, the feedback resistance value should be | ow enough to
of fer enough conductivity to keep the first and second inverters 52 and 54
cross coupled. The Schottky di odes 66, due to the 5 WO 03/085673

PCT/ US03/ 10270 af orenenti oned poor nmanufacturing controls, often have a

feedback resigstangediiainds fuah @nauetcd o dgs comdt otde difsh 1w second

inverters 52 and 54, which results in floating nodes. This floating node

problemis evan.qmrg, seyef& Alcd L. LA el Uesudnuch gs- ool el

results in unacceptabl e standby currents. e present inventions solves
one or nore of, these. and/ or.other_ probl .(g ry,of. the lnvention In
accordance W {Jﬁ U5 peeiost Jtrﬁée%{’)%]%% n?ém"inh e}% i o%,u%h rlé%sd%ir:’il-' %c%%s s
menory cell conprises first and . second jnverters quP havi ng an i nput and
an out put . Theloating nodes. This floating node problem is even more
severe at lower temperatures (such as -55 C) and results
in unacceptable standby currents.

The present inventions solves one or more of

these and/or other problems.

Summary of the Invention

In accordance with one aspect of the present
invention, a random access memory cell comprises first and
second inverters each having an input and an output. The
input of the first inverter is coupled to the output of
the second inverter by only one device having a junction,
and the device comprises a MOSFET. The input of the
second inverter is coupled to the output of the first
inverter.

In accordance with ancother aspect of the present
invention, a random access memory cell comprises first and
second inverters and first and second transmission gates.
The first inverter has an input and an output, and the
second inverter has an input and an output. The first

transmission gate is coupled to the input of the first
6



input of the first inverter is coupled to the output of the second
inverter by only one device having a junction, and the device conprises a
MOSFET. TWe ostgisr3 of the second inverter is coupled to tireTasOpur7of the
first inverter. In accordance with another aspect of the present

i nvention, a random access nenory cell conprises first and second
inverters and first and second transm ssion gates. The first inverter has
an input and an output, and the second inverter has an input and an
output. The first transm ssion gate is coupled to the input of the first 6

WO 03/ 085673 RGI4MIO3! 1028 $8¥Ehd eF ralBifi SECONUght@NsHT Ssiplegate the
coupled to the input of the second inverter. The input of the first

inverter is C&@L@%%%@%%Mtim,ew@r.secwg LANEELSE thY Pplyrone

active device, and t evice conprises a MOSFET.” The i1 nput of the second
inverter is coupled to, the output of, the first gn t ce
wth still an%?ﬁ%¥t%§p%%tc%¥pf%§ t%r%%%nguF%%én #o%ﬁéaségﬁégn?%ggégggnennry
cell conprises first, second, third, fouréh%hfifth, and si xth MOSFETSs,

o

and a sevent PScHGLY k928 BAkL TF QS KABRET R Ra¥Fhycg comprises a

MOSFET. The input of the second inverter is coupled to
the output of the first inverter.

In accordance with still another aspect of the
present invention, 'a random access memory cell comprises
first, second, third, fourth, fifth, and sixth MOSFETs,
and a seventh Schottky-diode-free MOSFET each having a
gate, a source, and a drain. The gates of the third and
fourth MOSFETs are coupled together, and the gates of the
fifth and sixth MOSFETs are coupled together. The sources
of the third and fifth MOSFETs are coupled together, and
the drains of the fourth and sixth MOSFETs are coupled
together. The drain of the third MOSFET is coupled to the
gsource of the fourth MOSFET, and the drain of the fifth
MOSFET is coupled to the source of the sixth MOSFET. The
gates of the third and fourth MOSFETS are coupled to the
drain of the fifth MOSFET and to the source of the sixth
MOSFET through the source and drain of the Schottky-diode-
free seventh MOSFET. The gates of the fifth and sixth
MOSFETs are coupled to the drain of the third MOSFET and

to the source of the fourth MOSFET. One of the source and
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gate, a source, and a drain. The gates of the third and fourth MOSFETs are
coupl ed together, and the gates of the fifth and sixth MOSFETs are coupl ed
t oget her .wOha/08w03 ces of the third and fifth MOSFETs arePconsbgt2toget her,
and the drains of the fourth and sixth MOSFETs are coupled together. The
drain of the third MOSFET is coupled to the source of the fourth MOSFET,
and the drain of the fifth MOSFET is coupled to the source of the sixth
MOSFET. The gates of the third and fourth MOSFETS are coupled to the

drain of the fifth MOSFET and to the source of the sixth MOSFET through

the source ap@d-draidt efhd e Jehetddermdiede-cudies) seyeMd JMBIFEDLr Hire gat es
of the fifth and sixth MOSFETs are coupled to the drain of the third

MOSFET and C%:%%%/a?%;fgo% fry s oy t h MOGRET . ine, of d e S eand, 7 WO

03/ 085673 P rain of the first MOSFET 1s coupled to the gates

of the third_and fourth and, one of .t he.sourge ral ne. t he
second I\/DSFE‘Pfiaé: 0 ﬁcé)&d[vﬁsﬁ‘?rgdtsesco&]fpﬁt%etﬁf hhe gé—%c?sgl%% %k%fgﬁééﬁgsh The
gates of the first and second MOSFETs are coupled to a wifte line, Brief
Descri ption &A% K BraWIRfE Fhes e i @otaerok &&%r%s‘fsin@ VEAEEs wil |

MOSFETs are coupled to a write line.

Brief Description of the Drawings

These and other features and advantages will
become more apparent from a detailed consideration of the

invention when taken in conjunction with the drawings in

which:

Figure 1 illustrates a first prior art memory
cell;

Figure 2 illustrates a second prior art memory
cell;

Figure 3 illustrates a third prior art memory
cell; and,
Figure 4 illustrates a memory cell according to

an embodiment of the present invention.

Detailed Description

A memory cell 100 according to the present
invention is shown in Figure 3. The memory cell 100 is a

seven transistor cell and includes a first inverter 102
8



beconme nore apparent froma detailed consideration of the invention when
taken in conjunction with the drawings in which: Figure 1 illustrates a
first priwooanssemenory cell; Figure 2 illustrates a secomdTArSO® 10220 t
menory cell; Figure 3 illustrates a third prior art nenory cell; and,
Figure 4 illustrates a nenory cell according to an enbodi nent of the
present invention. Detailed Description A nenory cell 100 according to the
present invention is shown in Figure 3. The nenory cell 100 is a seven
transistor cell and includes a first inverter 102 8 WD 03/ 085673

PCT/ US03/ 10220 5a0d sa-88600 @Ry ekt 64104 hThe i fskst nivavekkern 0302 i ncl udes
MOSFETs 106 and 108, and the second inverter 104 i ncludes MOSFETs 110 and

112, The soutge, Lari fabe=aL the MOSFETS 198:a00.110. 8¢ scoupbed Lo

sour ce VSS, dran termna 112 are coupled
to a referen )
ggcygges MOSFETs 110 and 112.

The source terminals of the MOSFETs 106 and 110
are coupled to a source VSS, and the drain terminals of
the MOSFETs 108 and 112 are coupled to a reference VDD.
The first and second inverters 102 and 104 are cross
coupled. Accordingly, the gate terminals of the MOSFETs
106 and 108 are coupled to the drain terminal of the
MOSFET 110 and to the source terminal of the MOSFET 112
through the source/drain circuit of a MOSFET 114, and the
gate terminals of the MOSFETS 110 and 112 are coupled
directly to the drain terminal of the MOSFET 106 and to
the source terminal of the MOSFET 108. The gate terminal
of the MOSFET 114 is coupled to a non-inverted word line
or to an inverted word line, as described below.

A first transmission gate 116 includes a MOSFET
having its source/drain circuit coupled the gate terminals
of the MOSFETs 106 and 108 and its gate terminal coupled
to the word line WL. Also, a second transmission gate 118
includes a MOSFET having its source/drain circuit coupled
the gate terminals of the MOSFETs 110 and 112 and its gate

terminal coupled to the word line WL.



The first and second inverters 102 and 104 are cross coupled. Accordingly,
the gate termnals of the MOSFETs 106 and 108 are coupled to the drain
term nal wD 0Bhgs6e7MOSFET 110 and to the source term nal of PCRAISMDBERAT 112

t hrough the source/drain circuit of a MOSFET 114, and the gate termnals
of the MOSFETs 110 and 112 are coupled directly to the drain term nal of
the MOSFET 106 and to the source termnal of the MOSFET 108. The gate
termnal of the MOSFET 114 is coupled to a non-inverted word line or to
an inverted word line, as described below. A first transm ssion gate 116

includes a MOSFET' havifgelyi§sSOHr ££4 dha) No&i § CYEh1 £0UBH el enlBEET
termnals of the MOSFETs 106 and 108 and its gate termnal coupled to the

word line W... Also, a sec r 1SSi 1 i nclyde
R e A i L R
110 and 112 and its te termnal coup| word, line W.. 9 WD
03/ 085673 PCTITD3/ 1O27D Fhe ETtE%Mﬁ*g@ﬁﬁeigg dBRY ePF of nBEBARIVESERT
havi ng a negative threshold voltage and an N+ polysilicon gate.
Al t er nat i vel ynoqeMRSIFET hiﬂlﬂﬁyab@oéhtéﬁﬁa%ﬁéﬁﬁﬁ?ldnﬁﬂé RVBEET having a
positive threshold and an N+

polysilicon gate. A non-inverted word line is coupled to

the gate terminal of the MOSFET 114 in the cases where the
MOSFET 114 is an NMOSFET. As a further alternative, .the
MOSFET 114 may be a depletion mode PMOSFET having a
negative threshold. As a still further alternative, the
MOSFET 114 may be an enhancement mode PMOSFET having a
positive threshold and an N+ polysilicon gate. An
inverted word line is coupled to the gate terminal of the
MOSFET 114 in the cases where the MOSFET 114 is an
PMOSFET.

The seventh transistor, i.e., the MOSFET 114,
functions as a feedback resistor during SEUs. The
threshold voltage of the MOSFET 114 can be adjusted to
obtain the required feedback resistance in saturation
(depletion mode FETs) or in a sub-threshold regime
(enhancement mode FETs). During the standby/programmed
mode, the MOSFET 114 operates in a linear regime
(depletion mode FETs) or in a sub-threshold regime
(enhancement mode FETs), and provides sufficient

conductance at all operating temperatures (-55 C to +125
10



polysilicon gate. A non-inverted word line is coupled to the gate term nal
of the MOSFET 114 in the cases where the MOSFET 114 is an NMOSFET. As a
further awODeshsierye,. the MOSFET 114 may be a depl eti on mouaISEVOBHET
having a negative threshold. As a still further alternative, the MOSFET
114 may be an enhancenent node PMOSFET having a positive threshold and an
N+ polysilicon gate. An inverted word line is coupled to the gate term nal
of the MOSFET 114 in the cases where the MOSFET 114 is an PMOSFET. The
seventh transistor, i.e., the MOSFET 114, functions as a feedback resistor

during SEUs. djheintdrgshold veabdages@lld hendBHEEt 1didd Cadlcded athwst € 0

obtain the required feedback resistance in saturation (depletion node

FETS) or in a&yb%ﬁ@rfébpl ?%ﬁf%g%g(me%&a@&? S)wr, Dug | Rgot he

st andby/ pr ogranme node, e perates 1n a l1near regine
(depl eti on node EET r.jn a sub-threshold regi ne nhancenent node
FETs), and pHgV?Jg§&%ﬁ?f}%¥e%ﬁer%%%%u%?dﬁ%%u% art %%ér%f?ﬁbg%%nperatures
(-55 Cto +125 10 WO 03/085673 PCT/ US03/ 10270 Cz in order to cross couple
the first and®$ecbmtPrhvertesscurrent for programming.

The memory cell 100 is more easily manufactured
than the memory cell 50. The variation in the feedback
resistance in the memory cell 100 is controlled by the
drive current of the MOSFET 114 in saturation or in the
sub-threshold region and is very small compared to the
variation in resistance of the feedback resigtance 44 1in
the memory cell 30. Also, the temperature sensitivity of
the resistance represented by the MOSFET 114 (i.e., the
“on” resistance of the MOSFET 114) is much less than that
of a polysilicon resistance or a Schottky diode. Finally,
during normal operation, sufficient conductivity is
provided by the drive current of the MOSFET 114 to avoid
floating nodes and/or high standby currents.

Certain modifications of the present invention
have been discussed above. Other modifications will occur
to those practicing in the art of the present invention.
Accordingly, the description of the present invention is
to be construed as illustrative only and is for the

purpose of teaching those skilled in the art the best mode

of carrying out the invention. The details may be varied
11



102 and 104. During a "wite" operation when W. is high, the MOSFET 114
operates in saturation and provides sufficient drive current for

progr amiwg.o3/0gss73renory cell 100 is nore easily manuf act uPed/usosran7a he
menory cell 50. The variation in the feedback resistance in the nenory
cell 100 is controlled by the drive current of the MOSFET 114 in
saturation or in the sub-threshold region and is very small conpared to
the wvariation in resistance of the feedback resistance 44 in the nenory
cell 30. Also, the tenperature sensitivity of the resistance represented
by the MOSFEL M4 {rit£:114 MeichQt d&5d:81 806 6Fim thee MSHET: 1d#A)ths nuch

| ess than that of a polysilicon resi'stance or a Schottky diode. Finally,
during nor nal, t{on, f.fl ci ; | Vi i Vi he drive
current of thlergplﬁ%éléfp’ll c%log%e\clm 1 %Olggétul%égé/n%%e%ﬁanﬁ%rf g Pczrtl%émdby
currents. Certain nodifications of the pr nt invention . have been

di scussed abd{E: STt %%?Jfri" giﬁ onE R | ¥ Z@E rapﬁ?%né%(gs%laplrné%t%%i ng in the
art of the present invention. Accordingly, the description of the present
i nvention is Y% HE¢onstrued as illustrative only and is for the purpose
of teaching those skilled in the art the best node of carrying out the

i nvention. The details may be varied
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11 WO 03/085673 PCT/ US03/ 10270 substantially w thout departing fromthe
spirit of the invention, and the exclusive use of all nodifications which
are wit hiwotohesscope of the appended clains is reserved. PADUGB/ORIG73

PCT/ US03/ 10270 WHAT IS CLAIMED IS: 1. A random access nenory cel

conprising: a first inverter having an input and an output; a second
inverter having an input and an output; wherein the input of the first
inverter is coupled to the output of the second inverter by only one

devi ce having a junction, and wherein the device conprises a MOSFET; and,

wherein the ipprt o &ﬂglﬁgﬁoggzinverter is coupled to the output of the
first inverter—2: cess nenory cell of claiml1l wherein the
MOSFET conprises a depl etion node NMOSFET having a negative threshold and
an N+ polysilicon gate. 3. The random access nenory cell of claim1

wherein the MOSFET conprises _an enhancenent node NMOSEET having a positive
threshol d and an N+ pol ysil i Coh?fgpPe, access memory cell comprising:

a first inverter having an input and an output;

a second inverter having an input and an output;

wherein the input of the first inverter is
coupled to the output of the second inverter by only one
device having a junction, and wherein the device comprises
a MOSFET; and,

wherein the input of the second inverter is

coupled to the output of the first inverter.

2. The random access memory cell of claim 1
wherein the MOSFET comprises a depletion mode NMOSFET

having a negative threshold and an N+ polysilicon gate.

3. The random access memory cell of claim 1
wherein the MOSFET comprises an enhancement mode NMOSFET

having a positive threshold and an N+ polysilicon gate.
4, The random access memory cell of claims 2

or 3 further comprising a non-inverted word line coupled

to a gate of the NMOSFET.
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4. The random access nenory cell of clainms 2 or 3 further conprising a
non-inverted word line coupled to a gate of the NMOSFET. 13 WO 03/ 085673
PCT/ US03/W023085633 The random access nenory cell of clai mpCT/usagt@in t he
MOSFET conprises a depletion node PMOSFET having a negative threshold. 6.
The random access nmenory cell of claim1l wherein the MOSFET conprises an
enhancenent node PMOSFET having a positive threshold and an N+ polysilicon
gate. 7. The random access nenory cell of clainms 5 or 6 further conprising
an inverted word line coupled to a gate of the PMOSFET. 8. The random
access nmenory cell of claim1l wherein the input of the second inverter is
coupled directly to the output of the first inverter. 9. A random access

menory cell conprising: a firgle INMRIIErS d&vgggn%f}p%naryf an putput; a

second inverter having an input and an output; a first transmssion gate
coupled to th%ﬂéﬁgﬂh Eﬁ tﬂggﬂﬂfwgbmﬂyggééﬂé &%pletlon mode PMOSFET

having a negative threshold.

6. The random access memory cell of claim 1
wherein the MOSFET comprises an enhancement mode PMOSFET

having a positive threshold and an N+ polysilicon gate.

7. The random access memory cell of claims 5
or 6 further comprising an inverted word line coupled to a

gate of the PMOSFET.

8. The random access memory cell of claim 1
wherein the input of the second inverter is coupled

directly to the output of the first inverter.

9. A random access memory cell comprising:

a first inverter having an input and an output;
a second inverter having an input and an output;
a first transmission gate coupled to the input

of the first inverter;
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WO 03/ 085673 PCT/ US03/10270 a second transm ssion gate coupled to the

i nput of the second inverter; wherein the input of the first inverter is
coupl ed twotohmsssat put of the second inverter by only one PagtiSe®1@ewi ce,
and wherein the device conprises a MOSFET; and, wherein the input of the
second inverter is coupled to the output of the first inverter. 10. The
random access nenory cell of claim9 wherein the MOSFET conprises a

depl eti on node NMOSFET having a negative threshold and an N+ polysilicon
gate. 11. The random access nenory cell of claim9 wherein the MOSFET

conpri ses an enhancenmenta Mg NMESEEEniRAMIdY gafRoOddupled Heshal @Lr%ﬂd:
N+ polysilicon gate. 12. The random access nenory cell of clains 10 or 11

further conpricH R RAANVERIBG Mord |ine coupled to a gate of the
NMOSFET and to the first and second transnmission gates. 15 WO 03/ 085673

PCT/ US03/ 10270 13. Themﬂ%ﬂ%ﬁﬂlqgge%EEFQFDHyiﬁglLffgséﬂfﬂdgr er is

coupled to the output of the second inverter by only one
active device, and wherein the device comprises a MOSFET;
and,

wherein the input of the second inverter is

coupled to the output of the first inverter.

10. The random access memory cell of claim 9
wherein the MOSFET comprises a depletion mode NMOSFET

having a negative threshold and an N+ polysilicon gate.

11. The random access memory cell of claim 9
wherein 'the MOSFET comprises an enhancement mode NMOSFET

having a positive threshold and an N+ polysilicon gate.

12. The random access memory cell of claims 10
or 11 further comprising a non-inverted word line coupled
to a gate of the NMOSFET and to the first and second

transmission gates.
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wherein the MOSFET conprises a depletion node PMOSFET having a negative
threshol d. 14. The random access nenory cell of claim9 wherein the MOSFET
conpri seswansgstsancenent node PMOSFET having a positive tardashic7and an
N+ polysilicon gate. 15. The random access nenory cell of clains 13 or 14
further conprising an inverted word line coupled to a gate of the PMOSFET
and a non-inverted word line coupled to the first and second transm ssion
gates. 16. The random access nenory cell of claim8 wherein the input of
the second inverter is coupled directly to the output of the first
inverter. 16 WO 03/ 085673 PCTFHSOMINRT tcddss AndnahelpradICCass AENDE Yo cel |
conprising: first, second, third, fourth, fifth, and sixth MOSFETs each

having a gat e wh1s0u che A& nbrBe NOtddyrdi Qde-fd e seyenth MOSFET
having a gate, a source, and a drain; wherein the gates of the third and

fourth MOSFETS- AR ouRlpd ngethersyherein the gates of the fifth and
si xth MOSFETs '

14. The random access memory cell of claim 9
wherein the MOSFET comprises an enhancement mode PMOSFET

having a positive threshold and an N+ polysilicon gate.

15. The random access memory cell of claims 13
or 14 further comprising an inverted word line coupled to
a gate of the PMOSFET and a non-inverted word line coupled

to the first and second transmission gates.

1l6. The random access memory cell of claim 8
wherein the input of the second inverter is coupled

directly to the output of the first inverter.
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are coupl ed together; wherein the sources of the third and fifth MOSFETs
are coupl ed together; wherein the drains of the fourth and sixth MOSFETs
are couplwo wsogwrher; wherein the drain of the third MOSFECTIGSOzozpl ed to
the source of the fourth MOSFET; wherein the drain of the fifth MOSFET is
coupled to the source of the sixth MOSFET, wherein the gates of the third
and fourth MOSFETS are coupled to the drain of the fifth MOSFET and to

t he source of the sixth MOSFET through the source and drain of the _
Schot t ky- di ode-free seventh MOSFET; 17 WO 03/085673 PCT/US03/10270 wherein
the gates of the fifth and sixtdarMoSFEESesar ectupt @110 ddwedrimy .of t he
third MOSFET and to the source of the fourth MOSFET; wherein one of the

source and drain of the sfiifest, MIJRET ichiceuplefiAa t he maf e @f Lihgyt hird
and fourth MOSFETs; wherein one of the source and drain of the
MOSFETs each having a gate, a source, and a drain;
a Schottky-diode-free seventh MOSFET having a
gate, a source, and a drain;
wherein the gates of the third and fourth
MOSFETs are coupled together;
wherein the gates of the fifth and sixth MOSFETs
are coupled together;
wherein the sources of the third and fifth
MOSFETs are coupled together;
wherein the drains of the fourth and sixth
MOSFETs are coupled together;
wherein the drain of‘the third MOSFET is coupled
to the source of the fourth MOSFET;
wherein the drain of the fifth MOSFET is coupled
to the source of the sixth MOSFET;
wherein the gates of the third and fourth
MOSFETS are coupled to the drain of the fifth MOSFET and

to the source of the sixth MOSFET through the source and

drain of the Schottky-diode-free seventh MOSFET;
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second MOSFET is coupled to the gates of the fifth and sixth MOSFETs; and,
wherein the gates of the first and second MOSFETs are coupled to a wite
i ne. 18.woOhw/osmmsiom access nmenory cell of claim 17 wher ecn/ush®10270

Schot t ky- di ode-free seventh MOSFET conprises a depletion node NMOSFET
having a negative threshold and an N+ polysilicon gate. 19. The random
access nenory cell of claim17 wherein the Schottky-di ode-free seventh
MOSFET conprises an enhancenment node NMOSFET having a positive threshold
and an N+ polysilicon gate. 18 WD 03/085673 PCT/ US03/ 10270 20. The random
access nenory cell of chwhienreili8 ther gh®esheifeitinet fd AWH t2e1d igI&tEOMYIISES: a
non-inverted word |line, and wherein the non-inverted word line is coupled

to the gate afret beubVBBFEED. t2k dFhen 2F0eMeA¢tass MREdEr Geld +of gl m 17
wherein the Schottky-di ode-free seventh MOSFET conprises a depletion node

PMOSFET havi ngoargegatr v@et Foeshel gioggar, The random access nenory cell of
claim 17

wherein one of the source and drain of the first
MOSFET is coupled to the gates of the third and fourth
MOSFETs;

wherein one of the source and drain of the
second MOSFET is coupled to the gates of the fifth and
sixth MOSFETs; and,

wherein the gates of the first and second

MOSFETs are coupled to a write line.

18. The random access memory cell of claim 17
wherein the Schottky-diode-free seventh MOSFET comprises a

depletion mode NMOSFET having a negative threshold and an

N+ polysilicon gate.

19. The random access memory cell of claim 17
wherein the Schottky-diode-free seventh MOSFET comprises
an enhancement mode NMOSFET having a positive threshold

and an N+ polysilicon gate.
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wherein the Schottky-di ode-free seventh MOSFET conprises an enhancement
node PMOSFET having a positive threshold and an N+ polysilicon gate. 23.
The randowpasoewss memory cel |l of clainms 21  or 22 wherei npCirasesideo | i ne
conprises a non-inverted word line, and wherein an inverted word line is
coupled to the gate of the PMOSFET. 24. The random access nenory cell of
claim17 wherein the gates of the fifth and sixth MOSFETs are coupled
directly to the drain of the third MOSFET and to the source of the fourth

MOSFET. 19
20. The random access memory cell of claims 18

or 19 wherein the write line comprises a non-inverted word
line, and wherein the non-inverted word line is coupled to

the gate of the NMOSFET.

21. The random access memory cell of claim 17
wherein the Schottky-diode-free seventh MOSFET comprises a

depletion mode PMOSFET having a negative threshold.

22. The random access memory cell of claim 17
wherein the Schottky-diode-free seventh MOSFET comprises
an enhancement mode PMOSFET having a positive threshold

and an N+ polysilicon gate.

23. The random access memory cell of claims 21
or 22 wherein the write line comprises a non-inverted word
line, and wherein an inverted word line is coupled to the

gate of the PMOSFET.

24. The random access memory cell of claim 17
wherein the gates of the fifth and sixth MOSFETs are
coupled directly to the drain of the third MOSFET and to

the source of the fourth MOSFET.
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