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(57) ABSTRACT

Embodiments and examples of differential threshold voltage
non-volatile memories and related methods are described
herein. In one example, a method for providing an integrated
circuit can comprise providing a memory cell coupled to a
first bitline and to a second bitline, and at least one of (a)
providing a read assist mechanism configured to couple to the
memory cell via the first and second bitlines, or (b) providing
a memory reset mechanism configured to couple to the
memory cell via the first and second bitlines. Providing the
memory cell can comprise providing a first transistor com-
prising a first threshold voltage, providing a second transistor
comprising a second threshold voltage, and cross-coupling
the first and second transistors of the memory cell together. A
difference between the first and second threshold voltages can
correspond to a logic state of the memory cell. Other embodi-
ments, examples, and related methods are also disclosed
herein.

35 Claims, 8 Drawing Sheets

] 11321

1310
Worgline
-

1131

1210
Bitine 1

1536:/’f 12 1128 1122 ~16

1320 A
Wordis :1 Marry Cell
g

1130

r—1132

| 1100 Memory
Call

VT

1220
= Billin 2

8

—

H
1230 A - N

Wemory Cel
Wordine 1A 1800 Read-assist

1810 —7 ;

1990
Resat Line T
1711 18303

718 1830-

1700 Wiite
Line

P I 5,'1,,,,1521,'/599,,

Mecharism
T 1e0 1o

1990
Rosat Line

[0 1z

e s

1600 Read

1750 Datapath

1913 1923
1650 Bipath \ /1660 Bipsth (1760 Datapatn

T
f\ 722
720]

I

o
1900 Reset__ 11020 —=1 11020
Line —

il 1 100 Reset

Mechanism




US 8,462,565 B2
Page 2

U.S. PATENT DOCUMENTS

6,920,061 B2* 7/2005
7,403,426 B2* 7/2008
2003/0026134 Al 2/2003
2006/0120172 Al 6/2006
2011/0261634 Al* 10/2011

Bhavnagarwala et al. ... 365/154
Hamzaoglu et al. ..... 365/185.23
Lowrey

Lee et al.

Venugopal et al. ...... 365/189.15

OTHER PUBLICATIONS

International Search Report and Written Opinion for PCT Applica-
tion No. PC/US09/60176 (Dec. 2, 2009).

* cited by examiner



U.S. Patent Jun. 11, 2013 Sheet 1 of 8 US 8,462,565 B2
\\1413\ 1410 1423 1420
Chargeline I N\
L 11311 1422— 1L
14127 T s qiasee 7| 11321
1310 M - ! 11323\ - LM /
Wordline ,<l/11312 11322 \l T 180
I N\ /!/
1131 71 1132
| |
1210 i i‘/ ’—\/E)LCI]IO Memory
Bitline 1 1 1110 i
! 1120 1220
=) \= Bitline 2
1520 1112 1123 1122 ™1520
1320 | Memory Cell — TN
Wordline
*— 1101 S
[ ]
[ J
1330 A °
Wordline N Memory Cell —
*— 1102 ¢ 1800 Read-assist
Mechanism
1 1811
530 1821 1530 |
1820 1000
1990 N 1990
Reset Line Reset Line
1711 ] i
1713 \QQ’O\\LJ18331843 _____ N & 1721
1700 Write 1611 1621
Line i M N\ A — 1723
1600 Read / L —’”/'/1613 1623 ~ \
Line 171/2 r_t _/Il;ﬁ 1722
1710[1610 1612 1622 1620
1913 1923
1750 Datapath 165_0_B_i£p_a_tt1 _______ 1 _6_69_B_it_p_alth 1760 Datapath
1910 $—F Y
1990 Reset T~ I 1920
Line : J:“ | i
I 1 =T \__1900 Reset
FIG 1 i - T~ 1540 — i Mechanism



U.S. Patent

Jun. 11, 2013

Sheet 2 of 8

US 8,462,565 B2

] 1
| |
2990 X L ,]T\25407|:| |
Reset Line ’ 7| = Ir"_ :
o a0 ST
| 00| j
2600 Readline >—df- > € d[ —— 2620
2610
2700 Writeline —d{- S S € — E_T
| 2710 2720
& *
L—’_I,’ 2830 2840 ,f—l
2990 ! !
Reset Line n= | =" \_‘ I |
| |
| |
i T~ 2800
| |
e TN
FIG. 2 | 2810 2820 |
| — - —2530— "= i
I, R
____________________________ 2100
:r // 1{—/" Memory Cell
2000 ! .
I I
| |
| |
I I
2210 —— | | 2220
| |
| — 2130~ — |
-} d
2310 M ™
Wordline .
@
Memory Cell
2950 I 2101 1
Wordline T * 0
1| Memory Cell 4
2330 2102
Wordline M * M
2400 4
Chargeline T ~— 2410 4& 2420
—~——2510 D10~ _—



U.S. Patent Jun. 11, 2013 Sheet 3 of 8 US 8,462,565 B2

3000
3100

Reading the memory cell by determining a threshold voltage difference between a first switch
of the memory cell and a second switch of the memory cell

3200

Writing to the memory cell by degrading one of a threshold voltage of the first switch of the
memory cell or a threshold voltage of the second switch of the memory cell

3330 i

Refreshing a logic value stored in the memory cell

FIG. 3
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3100
4110 -

Precharging a first bitline to a first precharge voltage

4120

Precharging a second bitline to a second precharge voltage

4130

Asserting a wordline to enable an address mechanism that couples the memory cell to the
first and second bitlines

4140

Sensing a first logic value from the memory cell if the first bitline is substantially discharged
via the first switch of the memory cell

4150

Sensing a second logic value from the memory cell if the second bitline is substantially
discharged via the second switch of the memory cell

4160

De-asserting the wordline to disable the address mechanism

FIG. 4
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3200

6100

Determining a target switch of the memory cell based on a target state for the memory cell,
wherein the target switch comprises one of the first or second switches of the memory cell

6200

Asserting the second bitline at a write voltage and de-asserting the first bitline if the target
switch is the first switch

6300

Asserting the first bitline at the write voltage and de-asserting the second bitline if the target
switch is the second switch

6400

Asserting a wordline throughout a write time to stress a control terminal of the target switch
with the write voltage

FIG. 6
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Terminating block 3200
for writing to the memory cell
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in an asserted state ?

71212
Selecting the second switch
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1
DIFFERENTIAL THRESHOLD VOLTAGE
NON-VOLATILE MEMORY AND RELATED
METHODS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application to PCT
Patent Application PCT/US09/60171, filed on Oct. 9, 2009,
which claims priority from U.S. Provisional Patent Applica-
tion 61/141,522, filed on Dec. 30, 2008, and from U.S. Pro-
visional Patent Application 61/104,685, filed on Oct. 10,
2008. The contents of the applications listed above are incor-
porated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The disclosure herein was funded with government sup-
port under grant number W911NF-04-2-0005, awarded by
the Army Research Laboratory. The United States Govern-
ment may have certain rights in this invention.

FIELD OF THE INVENTION

This invention relates generally to non-volatile memories,
and relates more particularly to differential threshold voltage
non-volatile memories and related methods.

BACKGROUND

The development of thin film transistor technology has
been beneficial for the enablement of several integrated cir-
cuit applications, such as in the manufacture of integrated
display circuits. Modern day electronics, however, often
require the use of memory devices, such as non-volatile
memory arrays, to enable ever more complex features or
operations of such integrated circuits. The addition of
memory devices, however, often adds to the cost and com-
plexity of such electronics. For example, adding memory to
integrated circuits often requires the coupling of external
and/or non-integrated memory modules. In other examples,
the memory may be integrated as part of the integrated circuit,
but the semiconductor process flow used to fabricate the
integrated circuit needs to be altered with additional steps,
thereby increasing cost and complexity during manufacture.

Therefore, a need exists to develop non-volatile memories
and related methods that can be integrated with electronics,
such as with integrated circuits that comprise thin film tran-
sistors, without requiring significant modifications to estab-
lished manufacturing techniques and/or without requiring
external couplings to separate memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from a reading of
the following detailed description of examples of embodi-
ments, taken in conjunction with the accompanying figures in
the drawings in which:

FIG. 1 illustrates a schematic of a first memory circuit in
accordance with a first embodiment of the present disclosure.

FIG. 2 illustrates a schematic of a second memory circuit in
accordance with a second embodiment of the present disclo-
sure.

FIG. 3 illustrates a flowchart of a method for operating a
memory cell of one of the memory circuits of the present
disclosure.
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FIG. 4illustrates a flowchart for reading the memory cell of
the method of FIG. 3.

FIG. 5 illustrates a flowchart for two optional operations
related to reading the memory cell of the method of FIG. 3

FIG. 6 illustrates a flowchart for writing to the memory cell
of the method of FIG. 3.

FIG. 7 illustrates a flowchart for determining a target tran-
sistor of the memory cell of the method of FIG. 3.

FIG. 8 illustrates a timing diagram for a read operation on
the memory cell of the method of FIG. 3.

FIG. 9 illustrates a timing diagram for a write operation on
the memory cell of the method of FIG. 3.

For simplicity and clarity of illustration, the drawing fig-
ures illustrate the general manner of construction, and
descriptions and details of well-known features and tech-
niques may be omitted to avoid unnecessarily obscuring the
invention. Additionally, elements in the drawing figures are
not necessarily drawn to scale. For example, the dimensions
of some of the elements in the figures may be exaggerated
relative to other elements to help improve understanding of
embodiments of the present invention. The same reference
numerals in different figures denote the same eclements.

Theterms “first,” “second,” “third,” “fourth,” and the like in
the description and in the claims, if any, are used for distin-
guishing between similar elements and not necessarily for
describing a particular sequential or chronological order. It is
to be understood that the terms so used are interchangeable
under appropriate circumstances such that the embodiments
described herein are, for example, capable of operation in
sequences other than those illustrated or otherwise described
herein. Furthermore, the terms “include,” and “have,” and any
variations thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, system, article, device,
or apparatus that comprises a list of elements is not necessar-
ily limited to those elements, but may include other elements
not expressly listed or inherent to such process, method,
system, article, device, or apparatus.

The terms “left,” “right,” “front,” “back,” “top,” “bottom,”
“over,” “under,” and the like in the description and in the
claims, if any, are used for descriptive purposes and not nec-
essarily for describing permanent relative positions. Itis to be
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of opera-
tion in other orientations than those illustrated or otherwise
described herein.

The terms “couple,” “coupled,” “couples,” “coupling,” and
the like should be broadly understood and refer to connecting
two or more elements or signals, electrically, mechanically
and/or otherwise. Two or more electrical elements may be
electrically coupled together but not be mechanically or oth-
erwise coupled together; two or more mechanical elements
may be mechanically coupled together, but not be electrically
or otherwise coupled together; two or more electrical ele-
ments may be mechanically coupled together, but not be
electrically or otherwise coupled together. Coupling may be
for any length of time, e.g., permanent or semi-permanent or
only for an instant.

An electrical “coupling” and the like should be broadly
understood and include coupling involving any electrical sig-
nal, whether a power signal, a data signal, and/or other types
or combinations of electrical signals. A mechanical “cou-
pling” and the like should be broadly understood and include
mechanical coupling of all types. The absence of the word
“removably,” “removable,” and the like near the word
“coupled,” and the like does not mean that the coupling, etc.
in question is or is not removable.

29 4¢ 29 4¢
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DETAILED DESCRIPTION

In one embodiment of a memory circuit, the memory cir-
cuitincludes a memory cell, which comprises a first transistor
and a second transistor. The first transistor comprises a first
threshold voltage, and the second transistor comprises a sec-
ond threshold voltage. The first and second transistors are
cross-coupled together, and a difference between the first and
second threshold voltages corresponds to a logic state of the
memory cell.

In one example of a method of operating a memory cell
comprising a first transistor cross-coupled with a second tran-
sistor, the method can comprise reading the memory cell by
determining a threshold voltage difference between the first
and second transistors. The method can also comprise writing
to the memory cell by degrading one of a threshold voltage of
the first transistor, or a threshold voltage of the second tran-
sistor.

In a second embodiment, a memory circuit can comprise a
first bitline, a second bitline, and a memory cell coupled to the
first and second bitlines. The memory cell can comprise a first
transistor comprising a first threshold voltage, and a second
transistor comprising a second threshold voltage, where the
first and second transistors of the memory cell are cross-
coupled together. The memory circuit can also comprise a
read assist mechanism configured to couple to the memory
cell via the first and second bitlines, and/or a memory reset
mechanism configured to couple to the memory cell via the
first and second bitlines. A difference between the first and
second threshold voltages can correspond to a logic state of
the memory cell.

In second example of a method of operating a memory cell
comprising a first transistor cross-coupled with a second tran-
sistor, the method can comprise reading the memory cell by
determining a threshold voltage difference between the first
and second transistors of the memory cell. The method can
also comprise enabling a read assist mechanism, and/or
enabling a memory reset mechanism.

Referring to the figures, FIG. 1 illustrates a schematic of a
memory circuit 1000 in accordance with one embodiment of
the present disclosure. Memory circuit 1000 comprises
memory cell 1100, where memory cell 1100 comprises tran-
sistors 1110 and 1120 cross-coupled together. As an example,
terminal 1111 of transistor 1110 is coupled to terminal 1123
of transistor 1120, and terminal 1121 of transistor 1120 is
coupled to terminal 1113 of transistor 1110 in the present
embodiment.

In the same or a different embodiment, the transistors of the
memory circuit can comprise field-effect transistors. In the
present example, terminal 1113 comprises a control terminal
of transistor 1110, and terminal 1123 comprises a control
terminal of transistor 1120. In the same or a different embodi-
ment, the control terminals could be referred to as gate ter-
minals. Although transistors 1110 and 1120 are shown as
N-type Metal-Oxide Semiconductor (NMOS) transistors in
the present embodiment, other embodiments may comprise
P-type Metal-Oxide Semiconductor (PMOS) transistors
instead.

Transistor 1110 comprises a threshold voltage that must be
overcome, by an applied voltage at terminal 1113, in order to
enable or activate transistor 1110. Similarly, transistor 1120
comprises a threshold voltage that must be overcome, by an
applied voltage at terminal 1123, in order to enable or activate
transistor 1120. In the present embodiment, a difference
between the threshold voltage of transistor 1110 and the
threshold voltage of transistor 1120 can correspond to a logic
state of memory cell 1100. As an example, if the threshold
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voltage of transistor 1110 is greater than the threshold voltage
of transistor 1120, the logic state of memory cell 1100 could
be considered to be an asserted state or mode. Conversely, if
the threshold voltage of transistor 1120 is greater than the
threshold voltage of transistor 1110, the logic state of
memory cell 1100 could be considered to be a de-asserted
state or mode. Similarly, in a different embodiment, a
memory cell similar to memory cell 1100 could be considered
to be in an asserted state or mode if the threshold voltage of
transistor 1120 were greater than the threshold voltage of
transistor 1110, and could conversely be considered to beina
de-asserted state or mode if the threshold voltage of transistor
1110 were greater than the threshold voltage of transistor
1120. Because the difference between the threshold voltages
of transistors 1110 and 1120 remains unchanged when
memory circuit 1000 is devoid of power, memory cell can be
considered a type of non-volatile memory that retains its
asserted or de-asserted state or mode when unpowered.

Inthe present embodiment, transistors 1110 and 1120 com-
prise thin film transistors subject to electrical stress-degrada-
tion of their conducting channels. For example, terminal 1113
of transistor 1110 can be exposed to a write voltage through-
out a write time to thereby degrade the threshold voltage of
transistor 1110. In some embodiments, the threshold voltage
of transistor 1110 could degrade when exposed to the write
voltage due to a charge injection into a gate insulator of
transistor 1110, and/or due to a generation of defect states in
the conducting channel of transistor 1110. Similar mecha-
nisms could be used to degrade the threshold voltage of
transistor 1120 when desired. As a result, the threshold volt-
ages of transistors 1110 and 1120 can be degraded relative to
each other to alter the difference between them and to thereby
alter the logic state of memory cell 1100. As an example, if
memory cell 1100 were in the asserted state, with the thresh-
old voltage of transistor 1110 greater than the threshold volt-
age of transistor 1120, then memory cell 1100 could be
toggled to the de-asserted state by degrading the threshold
voltage of transistor 1120 and thereby make the threshold
voltage of transistor 1120 greater than the threshold voltage
of transistor 1110.

In some embodiments, continued exposure to the write
voltage can sufficiently degrade the threshold voltages of one
ormore of transistors 1110 and/or 1120 to render memory cell
1100 inoperable. For example, the threshold voltage of tran-
sistor 1110 may become so degraded that transistor 1110 may
not turn on when memory cell 1100 is read, thus yielding a
false logic value for memory cell 1100. In the same or difter-
ent examples, transistors 1110 and/or 1120 can be configured
to withstand at least approximately 10 to 1000 write cycles,
where at least one of transistors 1110 and/or 11120 is exposed
to the write voltage at each write cycle, before memory cell
1100 becomes inoperable.

Inthe present embodiment, memory circuit 1000 also com-
prises wordline 1310, bitline 1210, and bitline 1220. Memory
circuit can also comprise a plurality of memory cells, such as
memory cells 1100, 1101, and 1102, where memory cells
1101 and/or 1102 can be similar or identical to memory cell
1100. In the present embodiment, memory cell 1100 is acces-
sible via bitlines 1210 and 1220 when wordline 1310 is
enabled. Similarly, memory cells 1101 and 1102 are acces-
sible when wordlines 1320 and 1330, respectively, are
enabled. Other memory cells of the plurality of memory cells
can be similarly coupled as part of memory circuit 1000. In
the present example, memory cells 1100, 1101, and 1102 can
form respective portions of different rows of part of a column
of memory cells in memory circuit 1000. Memory circuit
1000 can have numerous columns and rows of memory cells.
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In some embodiments, wordlines of memory circuit 1000,
such as wordlines 1310, 1320, and 1330, can be controlled
through a mechanism (not shown) comprising a decoder to
enable or disable specific wordlines leading to corresponding
memory cells of memory circuit 1000.

Memory cell 1100 comprises access mechanism 1130,
configured to make memory cell 1100 accessible to bitlines
1210 and 1220. In the present example, access mechanism
1130 includes transistors 1131 and 1132, which comprise
control terminals 11313 and 11323, respectively, coupled to
wordline 1310. Terminal 11311 of transistor 1131 is coupled
to bitline 1210, and terminal 11321 is coupled to bitline 1220.
In addition, terminal 11312 of transistor 1131 is coupled to
terminal 1111 of transistor 1110 and to control terminal 1123
of transistor 1120, while terminal 11322 of transistor 1132 is
coupled to terminal 1121 of transistor 1120 and to control
terminal 1113 of transistor 1110. As a result, when wordline
1310 actuates control terminals 11313 and 11323 of transis-
tors 1131 and 1132, respectively, memory cell 1100 becomes
accessible via bitlines 1210 and 1220.

Continuing with memory circuit 1000, chargeline 1400 is
configured to permit bitlines 1210 and 1220 to be precharged
via transistors 1410 and 1420, respectively, to enable certain
operations of memory circuit 1000. As will be described
further below, bitlines 1210 and 1220 may be precharged in
some embodiments prior to performing a reading or sensing
operation of the logic state of memory cell 1100. In the
present embodiment, chargeline 1400 couples to transistors
1410 and 1420 via control terminals 1413 and 1423, respec-
tively. Bitline 1210 couples to terminal 1412 of transistor
1410, while bitline 1220 couples to terminal 1422 of transis-
tor 1420 in the present embodiment. Memory circuit 1000
also comprises power node 1510 coupled to terminals 1411
and 1421, respectively, of transistors 1410 and 1420.

In the present embodiment, power node 1510 comprises a
powersource path to a precharge voltage for memory cell
1100. Inthe same or a different embodiment, the powersource
path can lead to a memory circuit power source for memory
circuit 1000, where the memory circuit power source can
provide a memory circuit power voltage for memory circuit
1000. The precharge voltage can be similar to and/or derived
from the memory circuit power voltage in some examples. In
the same or a different embodiment, the memory circuit
power voltage could be referred to as Vdd. When chargeline
1400 actuates control terminals 1413 and 1423 of transistors
1410 and 1420, respectively, bitlines 1210 and 1220 are
coupled to the powersource path of power node 1510 and are
thereby precharged to the precharge voltage value and/or to a
logic-high.

In some examples, the precharge voltage and/or the
memory circuit power voltage can be approximately 5 volts to
approximately 30 volts. In other examples, the memory cir-
cuit power voltage can be approximately 5 volts to approxi-
mately 30 volts, with the precharge voltage being arbitrary
and/or different than the memory circuit power voltage, but
still high enough to be distinguishable from a voltage at a
discharge path such as the ground path of power nodes 1520
and/or 1540 (described below).

The write voltage can also be arbitrary and/or based on the
write time. The rate of threshold voltage degradation and/or
increase can be proportional to the write voltage, such that
larger write voltages can result in shorter write times. Being
the largest readily available voltage, the memory circuit
power voltage can be used for the write voltage, for example,
to expedite write times. Of course, any voltage larger than the
breakdown voltage would cause permanent damage if applied
to a device such as transistor 1110 or 1120.
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In a different embodiment comprising a different logic
design, power node 1510 could be coupled to a ground path
instead. As a result, transistors 1410 and 1420 would couple
bitlines 1210 and 1220 to the ground path of power node 1510
when enabled by chargeline 1400, thereby precharging bit-
lines 1210 and 1220 to ground voltage and/or to a logic-low.

Asillustrated in FIG. 1, transistors 1110,1120,1131,1132,
1410, and 1420 comprise NMOS transistors. In addition, at
least transistors 1110 and 1120 comprise thin film transistors,
although one or more of transistors 1131, 1132, 1410, and
1420 could also comprise thin film transistors in some
embodiments. Transistors 1110 and 1120 of memory cell
1100 are further coupled to power node 1520 via terminals
1112 and 1122, respectively, where power node 1520 couples
to the ground path in the present embodiment. As mentioned
above, power node 1510 is coupled to the powersource path
leading to the precharge voltage. When accessed via access
mechanism 1130, memory cell 1100 can “pull down” the
precharge voltage of at least one of bitlines 1210 and 1220 to
the ground path of power node 1520.

Continuing FI1G. 1, memory circuit 1000 further comprises
readline 1600 coupled to control terminals 1613 and 1623 of
transistors 1610 and 1620, respectively. Transistor 1610 com-
prises terminal 1611 coupled to bitline 1210, and terminal
1612 coupled to bitpath 1650. Similarly, transistor 1620 com-
prises terminal 1621 coupled to bitline 1220, and terminal
1622 coupled to bitpath 1660. Readline 1600 can be config-
ured to actuate control terminals 1613 and 1623 of transistors
1610 and 1620, respectively, to couple bitpaths 1650 and
1660 to bitlines 1210 and 1220, respectively. Such a configu-
ration can be used, for example, to access and sense the logic
state of memory cell 1100 via bitpaths 1650 and/or 1660.

Memory circuit 1000 also comprises writeline 1700 in the
present embodiment. Writeline 1700 is coupled to control
terminals 1713 and 1723 of transistors 1710 and 1720,
respectively. Transistor 1710 comprises terminal 1711
coupled to bitline 1210, and terminal 1712 coupled to datap-
ath 1750. Similarly, transistor 1720 comprises terminal 1721
coupled to bitline 1220, and terminal 1722 coupled to datap-
ath 1760. Readline 1700 can be configured to actuate control
terminals 1713 and 1723 of transistors 1710 and 1720,
respectively, to couple datapaths 1750 and 1760 to bitlines
1210 and 1220, respectively. Datapath 1750 can be used in
some examples to route the write voltage to control terminal
1123 of transistor 1120, while datapath 1760 can be similarly
used to route the write voltage to control terminal 1113 of
transistor 1110. Such a configuration can be used, for
example, to access memory cell 1110 via datapaths 1750
and/or 1760 and thereby write and/or toggle the logic state of
memory cell 1100.

In the present example of FIG. 1, memory circuit com-
prises read assist mechanism 1800 configured to couple to
memory cell 1100 via bitlines 1210 and 1220. Read assist
mechanism 1800 comprises transistors 1810 and 1820 cross-
coupled together, such that control terminal 1813 of transistor
1810 is coupled to terminal 1822 of transistor 1820, and
control terminal 1823 of transistor 1820 is coupled to termi-
nal 1812 of transistor 1810 in the embodiment of FIG. 1.
Terminals 1811 and 1821 of transistors 1810 and 1820,
respectively, are coupled to power node 1530. Power node
1530 is shown in FIG. 1 coupled to the powersource path,
which is similar in the present embodiment to the power-
source path of power node 1510.

Transistor 1810 of read assist mechanism 1800 is config-
ured to couple to bitline 1210 via terminal 1812, while tran-
sistor 1820 is configured to couple to bitline 1220 via terminal
1822. In the present example, however, access to bitlines
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1210 and 1220 for read assist mechanism 1800 is controlled
by transistors 1830 and 1840, where transistor 1830 is
coupled between bitline 1210 and terminal 1812 of transistor
1810, and transistor 1840 is coupled between bitline 1220 and
terminal 1822 of transistor 1820. As a result, when enabled,
transistors 1830 and 1840 couple read assist mechanism 1800
to bitlines 1210 and 1220. In the present example, transistors
1830 and 1840 can be enabled based on a reset signal 1990 at
control terminals 1833 and 1843 of transistors 1830 and 1840,
respectively.

In the embodiment of FIG. 1, transistors 1110 and 1120 of
memory cell 1100 are shown as NMOS transistors, while
transistors 1810 and 1820 of read assist mechanism 1800 are
shown as PMOS transistors. As a result, memory circuit 1000
comprises Complementary Metal-Oxide Semiconductor
(CMOS) circuitry. In another embodiment, a memory circuit
similar to memory circuit 1000 can also comprise CMOS
circuitry by implementing transistors 1110 and 1120 of
memory cell 1100 as PMOS transistors, and transistors 1810
and 1820 as NMOS transistors. Such another embodiment
could also comprise alternate connections to powersource
paths or ground paths for power nodes 1510, 1520, and/or
1530.

During a read operation of memory cell 1100 in FIG. 1,
read assist mechanism 1800 can be configured to maintain
one of bitlines 1210 or 1220 at or near the voltage of power
node 1530. In the present example, the voltage of power node
1530 is similar to the precharge voltage sourced from power
node 1510. When transistors 1830 and 1840 of read assist
mechanism 1800 are enabled along with transistors 1131 and
1132 of the access mechanism of memory cell 1100, control
terminal 1823 of transistor 1820 of read assist mechanism
1800 can couple through bitline 1210 to terminal 1111 of
transistor 1110 of memory cell 1100. Similarly, control ter-
minal 1813 of transistor 1810 of read assist mechanism 1800
can couple through bitline 1220 to terminal 1121 of transistor
1120 of memory cell 1100. As a result, during the read opera-
tion, while transistor 1110 of memory cell 1100 substantially
discharges bitline 1210, terminal 1823 activates transistor
1820 of read assist mechanism 1800 to couple bitline 1220 to
power node 1530, thereby maintaining bitline 1220 at or near
the voltage of power node 1530. Conversely, while transistor
1120 of memory cell 1100 substantially discharges bitline
1220, terminal 1813 activates transistor 1810 of read assist
mechanism 1800 to couple bitline 1210 to power node 1530,
thereby maintaining bitline 1210 at or near the voltage of
power node 1530.

Although memory circuit 1000 is shown comprising read
assist mechanism 1800, there can be other embodiments that
could still read memory cell 1100 even if devoid of read assist
mechanism 1800. Such embodiments could be configured to
sense the logic state of memory cell 1100 before the pre-
charge voltage at bitline 1210 or 1220 is adversely affected by
factors such as leakage.

In the present embodiment, memory circuit 1000 also com-
prises a memory reset mechanism 1900 comprising reset
transistor 1910 coupled between bitline 1210 and power node
1540, and reset transistor 1920 coupled between bitline 1220
and power node 1540. Power node 1540 is similar to power
node 1520 in the present example, being coupled to the
ground path. Reset mechanism 1900 can be enabled when
reset line 1990 actuates control terminals 1913 and 1923 of
reset transistors 1910 and 1920, respectively. In a different
embodiment, a memory reset mechanism similar to reset
mechanism 1900 could comprise a single reset transistor
coupled between power node 1540 and both of bitlines 1210
and 1220.
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Reset mechanism 1900 can be configured in the present
example to route a charge at control terminal 1113 of transis-
tor 1110 of memory cell 1100 to the ground path of power
node 1540, and/or to route a charge at control terminal 1123
of transistor 1120 of memory cell 1100 to the ground path of
power node 1540. These charges may be, for example, rem-
nants of the precharge voltage established during a read
operation. The ability to thereby reset memory cell 1100 can
be useful, for example, to restrict such charges from further
degrading the threshold voltages of transistors 1110 and/or
1120 of memory cell 1100. Other embodiments, however,
need not comprise reset mechanism 1900.

In some examples, transistors 1110 and/or 1120 can be
configured to withstand at least approximately 2000 read
cycles of memory cell 1100. In these examples, at least one of
transistors 1110 and/or 1120 can be exposed to the precharge
voltage at each read cycle before the difference between the
threshold voltages of transistors 1110 and 1120 is sufficiently
altered, due to exposure to the precharge voltage, to risk
toggling the logic state of memory cell 1100. In the same or
different embodiments, the precharge voltage can be referred
to as a read voltage.

Moving along, FIG. 2, illustrates a schematic of a memory
circuit 2000, similar to memory circuit 1000 of FIG. 1 but in
accordance with another embodiment of the present disclo-
sure. Memory circuit 2000 comprises memory cell 2100,
similar to memory cell 1100 of memory circuit 1000 (FIG. 1),
but comprising PMOS transistors 2110 and 2120 instead of
transistors 1110 and 1120 (FIG. 1). As shown in FIG. 2,
transistors 2131, 2132, 2410, and 2420 of memory circuit
2000 also comprise PMOS transistors in the present embodi-
ment. In addition, at least transistors 2110 and 2120 comprise
thin film transistors, although one or more of transistors 2131,
2132, 2410, and 2420 could also comprise thin film transis-
tors in some embodiments.

Transistors 2110 and 2120 of memory cell 2100 are further
coupled to power node 2520 via terminals 2112 and 2122,
respectively, where power node 2520 couples to a power-
source path in the present embodiment. This contrasts with
powernode 1520 in FIG. 1, which is coupled to a ground path.
In the same or a different embodiment, the powersource path
for power node 2520 can lead to a memory circuit power
source providing a memory circuit power voltage for memory
circuit 2000. In the same or a different example, the memory
circuit power voltage can be approximately 5 volts to approxi-
mately 30 volts.

Memory circuit 2000 also comprises chargeline 2400,
similar to chargeline 1400 of memory circuit 1000 (FIG. 1),
but is coupled to control terminals of transistors 2410 and
2420. Chargeline 2400 can be used to enable transistors 2140
and 2420 to couple bitlines 2210 and 2220, respectively, to
power node 2510. The arrangement in memory circuit 2000
for chargeline 2400, transistors 2410 and 2420, and power
node 2510 is similar to that for chargeline 1400, transistors
1410 and 1420, and power node 1510 of memory circuit 1000
(FIG.1). Power node 2510, however, is coupled to the ground
path in the present embodiment. Chargeline 2400 can thus be
configured to permit bitlines 2210 and 2220 to be predis-
charged via transistors 2410 and 2420, respectively.

Memory cell 2100 is accessible in memory circuit 2000
when wordline 2310 activates access mechanism 2130, simi-
lar to the arrangement in memory circuit 1000 for wordline
1310 and access mechanism 1130 (FIG. 1). Memory circuit
2000 also comprises other memory cells, such as memory
cells 2101 and 2102, which can be made accessible via
respective wordlines such as wordlines 2320 and 2330. As
mentioned above, power node 2510 is coupled to the ground
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path leading to the predischarge voltage for memory circuit
2000. When made accessible by access mechanism 2130,
memory cell 2100 can “pull up” the precharge voltage of at
least one of bitlines 2210 and 2220 to the powersource path of
power node 2520. Similar to memory circuit 1000 in FIG. 1,
memory circuit 2000 in FIG. 2 can have numerous columns
and rows of memory cells.

Memory circuit 2000 also comprises read assist mecha-
nism 2800 with transistors 2810, 2820, 2830, and 2840, simi-
lar to read assist mechanism 1800 with transistors 1810,
1820, 1830, and 1840 in memory circuit 1000 (FIG. 1). Tran-
sistors 2810, 2820, 2830, and 2840, however, comprise
NMOS transistors for memory circuit 2000. As a result,
memory circuit 2000 comprises CMOS circuitry. In addition,
read assist mechanism 2800 couples to the ground path of
power node 2530, rather than to the powersource path of
power node 1530 of read assist mechanism 1800 (FIG. 1). In
the same or a different embodiment, power node 2530 can be
similar to power node 2510. In some embodiments, memory
circuit 2000 need not comprise reset mechanism 2800, and/or
could comprise only PMOS circuitry. In addition, as shown in
FIG. 2, memory circuit 2000 can comprise reset mechanism
2900, which can be enabled through reset line 2990 in the
present example. Reset mechanism 2900 can be similar to
reset mechanism 1990 of memory circuit 1000 (FIG. 1), butin
the present embodiment, reset mechanism 2900 comprises
PMOS transistors 2910 and 2920 coupled to a power node
2540. Power node 2540 can be similar to power node 2520 in
the present or other embodiments. Other embodiments could
comprise memory circuit 2000 without reset mechanism
2990.

FIG. 2 also shows memory circuit 2000 also comprising
writeline 2700 configured to enable transistors 2710 and 2720
to couple datapaths to bitlines 2210 and 2220, respectively,
similar to the arrangement of memory circuit 1000 for write-
line 1700 with respect to transistors 1710 and 1720 and data-
paths 1750 and 1760. In addition, memory circuit comprises
readline 2600 configured to enable transistors 2610 and 2620
to couple bitpaths to bitlines 2210 and 2220, respectively,
similar to the arrangement of memory circuit 1000 for read-
line 1600 with respect to transistors 1610 and 1620 and bit-
paths 1650 and 1660.

Forging ahead, FIG. 3 illustrates a flowchart of a method
3000 for operating a memory cell. In some embodiments, the
memory cell of method 3000 can be similar to memory cell
1100 of memory circuit 1000 (FIG. 1), and/or to memory cell
2100 of memory circuit 2000 (FIG. 2).

Block 3100 of method 3000 comprises reading the
memory cell by determining a threshold voltage difference
between a first transistor of the memory cell and a second
transistor of the memory cell. In some examples, the first
transistor of the memory cell of method 3000 can be similar to
transistor 1110 of memory cell 1100 in memory circuit 1000
(FIG. 1), and/or similar to transistor 2110 of memory cell
2100 in memory circuit 2000 (FIG. 2). Similarly, the second
transistor of the memory cell of method 3000 can be similar to
transistor 1120 of memory cell 1100 in memory circuit 1000
(FIG. 1), and/or similar to transistor 2120 of memory cell
2100 in memory circuit 2000 (FIG. 2). The first and second
transistors of the memory cell of method 3000 can be cross-
coupled, for example, as illustrated for transistors 1110 and
1120 (FIG. 1), or for transistors 2110 and 2120 of memory
cell 2100 (FIG. 2).

The threshold voltage difference between the first and sec-
ond transistors of the memory cell of method 3000 can be
used to read, sense, and/or determine a logic state of the
memory cell. For example, if the threshold voltage of the first
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transistor of the memory cell of method 3000 is greater than
the threshold voltage of the second transistor of the memory
cell of method 3000, then the logic state of the memory cell of
method 3000 could be considered to be in an asserted state
similar to the asserted state described above for memory cell
1100 (FIG. 1). Conversely, if the threshold voltage of the
second transistor of the memory cell of method 3000 is
greater than the threshold voltage of the first transistor of the
memory cell of method 3000, then the logic state of the
memory cell of method 3000 could be considered to be in a
de-asserted state similar to the de-asserted state described
above for memory cell 1100 (FIG. 1).

The memory cell of method 3000 can be made accessible
via an access mechanism coupled to a wordline. The access
mechanism can be configured to couple the first transistor of
the memory cell of method 3000 to a first bitline, and to
couple the second transistor of the memory cell of method
3000 to a second bitline. In some examples, the access mecha-
nism can be similar to access mechanism 1130 described
above for memory cell 1100 (FIG. 1). Similarly, the first and
second bitlines can be part of a memory circuit that comprises
the memory cell of method 3000, similar to bitlines 1210 and
1220 of memory circuit 1000 in FIG. 1.

In some examples, block 3100 of method 3000 can com-
prise several sub-parts, and could be executed in some
examples as described in FIG. 4, FIG. 5, and/or FIG. 8. FIG.
4 illustrates a flowchart of block 3100 for reading the memory
cell of method 3000. FIG. 5 illustrates a flow chart of block
3100 for two optional operations related to reading the
memory cell of method 3000. FIG. 8 illustrates a timing
diagram for a read operation on the memory cell of method
3000. FIGS. 5 and 8 are explained in more detail below.

Returning to FIG. 4, block 4110 of block 3100 of method
3000 comprises precharging a first bitline to a first precharge
voltage. In one embodiment, the first bitline can be similar to
bitline 1210 of memory circuit 1000 (FIG. 1). In such an
embodiment, the precharge voltage can be routed between
power node 1510 and bitline 1210 via transistor 1410 when
chargeline 1400 enables control terminal 1413 of transistor
1410.

Block 4120 of block 3100 of method 3000 is similar to
block 4110, and comprises precharging a second bitline to a
second precharge voltage. In one embodiment, the second
bitline can be similar to bitline 1220 of memory circuit 1000
(FIG. 1). In such an embodiment, the precharge voltage can
be routed between power node 1510 and bitline 1220 via
transistor 1420 when chargeline 1400 enables control termi-
nal 1423 of transistor 1420. The first and second precharge
voltages of blocks 4110 and 4120 could be similar or identical
in some examples, and blocks 4110 and 4120 could be per-
formed simultaneously. Once precharged, the first and second
bitlines can be decoupled from the source of the first and
second precharge voltage by de-asserting the chargeline.

Block 4130 of block 3100 of method 3000 comprises
asserting a wordline to enable an access mechanism that
couples the memory cell to the first and second bitlines. In
some examples, the wordline can be similar to wordline 1310
controlling access mechanism 1130 for memory cell 1100 in
FIG. 1. When asserted, the wordline enables the access
mechanism to couple the first bitline to both a first terminal of
the first transistor of the memory cell, and to a control termi-
nal of the second transistor of the memory cell. The wordline
also enables the access mechanism to couple the second bit-
line to both a first terminal of the second transistor of the
memory cell, and to a control terminal of the first transistor of
the memory cell. In the example of FIG. 1, the first transistor
of could correspond to transistor 1110 and the second tran-
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sistor could correspond to transistor 1120, with correspond-
ing terminals as described above for FIG. 1. Block 4120 can
be completed before performing block 4130, or block 4120
can be completed while or after starting block 4130.

Block 4140 of block 3100 of method 3000 comprises sens-
ing a first logic value from the memory cell if the first bitline
is substantially discharged via the first transistor of the
memory cell. In some examples, sensing the first logic value
can comprise substantially discharging the first bitline via the
first terminal of the first transistor, and disabling the second
transistor to restrict discharge of the second bitline when the
control terminal of the second transistor is turned off by the
discharge of the first bitline. The substantial discharge of the
first bitline can then be sensed to identify the first logic value.
In the same or a different example, the first logic value can be
sensed even if the second bitline is partially discharged via the
second transistor before the second transistor was turned off.
In some embodiments, the first logic value can correspond to
a de-asserted state of the memory cell. Block 4140 can be
performed while the wordline remains asserted in block 4130.

Block 4150 of block 3100 of method 3000 comprises sens-
ing a second logic value from the memory cell if the second
bitline is substantially discharged via the second transistor of
the memory cell. In some examples, sensing the second logic
value can comprise substantially discharging the second bit-
line via the first terminal of the second transistor, and dis-
abling the first transistor to restrict discharge of the first
bitline when the control terminal of the first transistor is
turned off by the discharge of the second bitline. The substan-
tial discharge of the second bitline can be sensed to identify
the second logic value. In the same or a different example, the
second logic value can be sensed even if the first bitline is
partially discharged via the first transistor before the first
transistor was turned off. In some embodiments, the second
logic value can correspond to an asserted state of the memory
cell. Block 4150 can be performed while the wordline
remains asserted in block 4130, and the sequence of blocks
4140 and 4150 can be reversed or performed simultaneously.

As an example, blocks 4140 and 4150 can be implemented
in the example of FIG. 1 as follows. After chargeline 1400 is
de-asserted to decouple bitlines 1210 and 1220 from power
node 1510, and after memory cell 1100 is coupled to bitlines
1210 and 1220 by the assertion of wordline 1300, the first
precharge voltage in bitline 1210 will start discharging via
transistor 1110 of memory cell 1100, while the second pre-
charge voltage in bitline 1220 will start discharging via tran-
sistor 1120 of memory cell 1100. Block 4140 will be executed
if the threshold voltage of transistor 1120 is greater than the
threshold voltage of transistor 1110. During block 4140, bit-
line 1210 will discharge faster than bitline 1220, thereby
disabling control terminal 1123 of transistor 1120, and thus
restricting bitline 1220 from further substantially discharging
via transistor 1120. On the other hand, block 4150 will be
executed if the threshold voltage of transistor 1110 is greater
than the threshold voltage of the transistor 1120. During
block 4150, bitline 1220 will discharge faster than bitline
1210, thereby disabling control terminal 1113 of transistor
1110, and thus restricting bitline 1210 from substantially
discharging via transistor 1110.

Block 4160 of block 3100 of method 3000 comprises de-
asserting the wordline to disable the access mechanism of
block 4130. This de-assertion can be done after block 4140 or
4150 have been executed, when access to the memory cell is
no longer necessary. In the example of FIG. 1, block 4160 can
be carried out by de-asserting wordline 1310 to disable access
mechanism 1130, thereby decoupling memory cell 1100
from bitlines 1210 and 1220. Blocks 4110, 4120, 4130, 4140,
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4150, and 4160 also can be performed for other memory cells
in memory circuit 1000 in FIG. 1 and/or memory circuit 2000
in FIG. 2.

In the same or a different example, block 3100 of method
3000 can comprise other subparts as illustrated in FIG. 5.
FIG. Sillustrates a flowchart for optional operations related to
the reading of the memory cell of block 3100. If the flow chart
in FIG. 5 is performed, block 5110 can be performed with or
without block 5130, and vice versa, as explained below.

Block 5110 of block 3100 of method 3000 comprises
enabling a read assist mechanism for the reading of the
memory cell of method 300. In some embodiments, the read
assist mechanism can be similar to read assist mechanism
1800 described above for memory circuit 1000 in FIG. 1. In
the same or a different embodiment, the read assist mecha-
nism of block 5110 can be enabled prior to the reading of the
memory cell described above in FIG. 4 for blocks 4110, 4120,
4130, 4140, 4150, and 4160.

Block 5110 can comprise coupling a first transistor of the
read assist mechanism to a first bitline, and coupling a second
transistor of the read assist mechanism to a second bitline,
where the first and second bitlines can be as described above
for blocks 4110 and 4120. The first and second transistors of
the read assist mechanism can couple the first and second
bitlines, respectively, to a read-assist voltage. In some
examples, the read assist voltage can be similar or identical to
the precharge voltages described above for blocks 4110 and/
or 4120 (FIG. 4). In the example of FIG. 1, the first transistor
of the read assist mechanism in block 5110 can be similar to
transistor 1810 of read-assist mechanism 1800, configured to
couple bitline 1210 to the read assist voltage at power node
1530 when reset line 1990 enables transistor 1830. Similarly,
the second transistor of the read assist mechanism in block
5110 can be similar to transistor 1820 of read-assist mecha-
nism 1800, configured to couple bitline 1220 to the read assist
voltage at power node 1530 when reset line 1990 enables
transistor 1840.

During the reading of the memory cell in block 3100, if the
first bitline is substantially discharged via the first transistor
of'the memory cell, as described above for block 4140 (FIG.
4), the second transistor of the read assist mechanism can be
enabled due to the effect that the discharge of the first bitline
has upon the control terminal of the second transistor of the
read assist mechanism. When so enabled, the second transis-
tor of the read assist mechanism can charge or maintain the
second bitline proximate to the read assist voltage and thereby
prevent the second bitline from partially discharging while
the first bitline is substantially discharged. The second pre-
charge voltage can be similar or identical to the first precharge
voltage of block 4110 (FIG. 4).

Similarly, during the reading of the memory cell in block
3100, if the second bitline is substantially discharged via the
second transistor of the memory cell, as described in block
4150 (FIG. 4), the first transistor of the read assist mechanism
can be enabled due to the effect that the discharge of the
second bitline has upon the control terminal of the first tran-
sistor of the read assist mechanism. When so enabled, the first
transistor ofthe read assist mechanism can charge or maintain
the first bitline proximate to the read assist voltage and
thereby prevent the first bitline from partially discharging
while the second bitline is substantially discharged.

Block 5120 of block 3100 of method 3000 in FIG. 5 com-
prises sensing the memory cell of method 3000. In some
embodiments, the sensing of the memory cell in block 5120
can be carried out as described above in FIG. 4 for blocks
4110, 4120, 4130, 4140, 4150, and 4160 of method 3000.






