
USE OF DHA AND ARA IN THE PREPARATION OF A COMPOSITION
FOR REGULATING GENE EXPRESSION BACKGROUND OF THE
INVENTION ( 1) Field of the Invention. [0001] The
present invention relates generally to a method for
modulating gene expression in subjects. (2)
Description of the Related Art [0002] Every gene
contains the information required to make a protein or
a non-coding ribonucleic acid (RNA). In order to
produce functional RNA and protein molecules in a
cell, however, a gene must be expressed. Gene
expression occurs in two major stages, transcription
and protein synthesis. During transcription, the gene
is copied to produce an RNA * molecule (a primary
transcript) with essentially the same sequence as the
gene. Most human genes are divided into exons and
introns, and only the exons carry information required
for protein synthesis. Most primary transcripts are
therefore processed by splicing to remove intron
sequences and generate a mature transcript or
messenger RNA (mRNA) that only contains exons. [0003]
The second stage of gene expression, protein
synthesis, is also known as translation. During this
stage there is no direct correspondence between the
nucleotide sequence in deoxyribonucleic acid (DNA) and
RNA and the sequence of amino acids in the protein. In
fact, three nucleotides are required to specify one
amino acid. [0004] All genes in the human genome are
not expressed in the same manner. Some genes are
expressed in all cells all of the time. These socalled
housekeeping genes are essential for very basic
cellular functions. Other genes are expressed in
particular cell types or at particular stages of
development. For example, the genes that encode muscle
proteins such as actin and myosin are expressed only
in muscle cells, not in the cells ofthe brain. Still
other genes can be activated or inhibited by signals
circulating in the body, such as hormones. [0005] This
differential gene expression is achieved by regulating
transcription and translation. All genes are
surrounded by DNA sequences that control their
expression. Proteins called transcription factors bind
to these sequences and can switch the genes on or off.
Gene expression is therefore controlled by the
availability and activity of different transcription
factors. [0006] As transcription factors are proteins
themselves, they must also be produced by genes, and
these genes must be regulated by other transcription
factors. In this way, all genes and proteins can be
linked into a regulatory hierarchy starting with the
transcription factors present in the egg at the
beginning of development. A number of human diseases
are known to result from the absence or malfunction of
transcription factors and the disruption of gene
expression thus caused. [0007] If genes are not
expressed in the right time, place and amount, disease
may occur. Thus, it would be beneficial to provide a
composition that can regulate or modulate the
expression of certain genes in subjects 



and thereby prevent the onset of or treat various
diseases and disorders. SUMMARY QF THE INVENTION
[0008] Briefly, the present invention is directed to a
novel method for modulating the expression of one or
more genes in a subject, wherein the gene is selected
from the group consisting of those genes listed in
Tables 4 - 9 herein under the "Gene Symbol" column,
the method comprising administering to the subject DHA
and ARA, alone or in combination with one another. The
subject can be an infant or a child. The subject can
be one that is in need of such modulation. In
particular situations, ARA and . DHA can be
administered in a ratio of ARA.DHA of between about
1:10 to about 10:1 by weight.[0009] The present
invention is also directed to a novel method for
upregulating the expression of one or more genes in a
subject, wherein the gene is selected from the group
consisting of those genes listed in Tables 4 and 6
herein under the "Gene Symbol" column, the method
comprising administering to the subject DHA or ARA,
alone or in combination with one another. [00010] The
present invention is additionally directed to a novel
method for downregulating the expression of one or
more genes in a subject, wherein the gene is selected
from the group consisting of those genes listed in
Tables 5 and 7 under the "Gene Symbol" column, the
method comprising administering to the subject DHA or
ARA, alone or in combination with one another. [00011]
The present invention is also directed to a novel
method for upregulating the expression of one or more
genes in a subject, wherein the gene is selected from
the group consisting of TIMM8A, TIMM23, NF1 , SFTPB,
ACADSB, SOD, PDE3A, NSMAF, OSBP2, FTH1 , SPTLC2,
FOXP2, LUM, BRCA1, ADAM17, ADAM33, TOB1 , XCL1, XCL2,
RNASE2, RNASE3, SULT1C1 , HSPCA, CD44, CD24, OSBPL9,
FCER1G, FXD3, NRF1, STK3, and KIR2DS1, the method
comprising administering to the subject DHA or ARA,
alone or in combination with one another. [00012] The
invention is further directed, in an embodiment, to a
method for modulating the expression of one or more
genes in a subject, wherein the gene is selected from
the group consisting of TIMM8A, TIMM23, NF1 , LUM
BRCA1 , ADAM1 7, TOB1 , RNASE2, RNASE3, NRF1 , STK3,
FZD3, ADAM8, PERP COL4A6, PLA2G6, MSRA, CTSD, CTSB,
LMX1 B, BHMT, TNNC1 , PDE3A, PPARD, NPY1R, LEP and any
combination thereof. [00013] The present invention is
also, in an embodiment, directed to a method for
treating or preventing tumors in a subject, the
methodcomprising modulating a gene selected from the
group consisting of TOB1 , NF1 , FZD3, STK3, BRCA1 ,
NRF1 , PERP, and COL4A6 in the subject by
administering to the subject an effective amount of
DHA or ARA, alone or in combination with one another.
[00014] The invention is directed to a method for
treating or preventing neurodegeneration in a subject,
the method comprising modulating a gene selected from
the group consisting of PLA2G6, TIMM8A, ADAM17, 



TIMM23, MSRA, CTSD, CTSB, LMX1B, and BHMT in the
subject by administering to the subject an effective
amount of DHA or ARA, alone or in combination with one
another. The invention is also directed to a method
for improving vision in a subject, the method
comprising modulating the LUM gene in the subject by
administering to the subject an effective amount of
DHA or ARA, alone or in combination with one another.
The invention is further directed to a method for
treating or preventing macular degeneration In a
subject, the method comprising modulating the LUM gene
in the subject by administering to the subject an
effective amount of DHA or ARA, alone or in
combination with one another. [00015] In other
embodiments, the invention is directed to a method for
stimulating an immune response in a subject, the
method comprising modulating a gene selected from the
group consisting of RNASE2, RNASE3, and ADAM8 in the
subject by administering to the subject an effective
amount of DHA or ARA, alone or in combination with one
another. The invention is directed to a method for
improving lung function in a subject, the method
comprising modulating the ADAM33 gene in the subject
by administering to the subject an effective amount of
DHA or ARA, alone or in combination with one another.
The invention is also directed to a method for
improving cardiac function in a subject, the method
comprising modulating a gene selected from the group
consisting of TNNC1 and PDE3A in the subject by
administering to the subject aneffective amount of DHA
or ARA, alone or in combination with one another.
[00016] Still further, the invention is directed to a
method for treating or preventing obesity in a
subject, the method comprising modulating a gene
selected from the group consisting of PPARD, NPY1 R,
and LEP in the subject by administering to the subject
an effective amount of DHA or ARA, alone or in
combination with one another. [00017] Among the
several advantages found to be achieved by the present
invention, is that it provides a useful method for the
modulation of selected genes in a subject. It also
provides a method to upregulate or downregulate
certain genes by easily administered compounds. It
also provides a method for the prevention and/or
treatment of various diseases and disorders in
infancy, childhood, adolescence or adulthood. BRIEF
DESCRIPTION OF THE DRAWINGS [00018] For a more
complete understanding of the present invention,
reference is now made to the following descriptions
taken in conjunction with the accompanying drawings.
[00019] Figure 1 illustrates the ingenuity network
analysis generated from L3/C comparisons. The network
is graphically represented as nodes (genes) and edges
(the biological relationship between genes). DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [00020]
Reference now will be made in detail to the
embodiments of the invention, one or more examples of
which are set forth below. Each example is provided by
way of explanation of the invention, not a limitation 



of the invention. In fact, it will be apparent to
those skilled in the art that various modifications
and variations can be made in the present invention
without departing from the scope or spirit of the
invention. For instance, features illustrated or
described as part of one embodiment, can be used on
another embodiment to yield a still further
embodiment.[00021] Thus, it is intended that the
present invention covers such modifications and
variations as come within the scope of the appended
claims and their equivalents. Other objects, features
and aspects of the present invention are disclosed in
or are obvious from the following detailed
description. It is to be understood by one of ordinary
skill in the art that the present discussion is a
description of exemplary embodiments only, and is not
intended as limiting the broader aspects of the
present invention. [00022] The term "modulation", as
used herein, means a positive or negative regulatory
effect on the expression of a gene. [00023] As used
herein, the term "upregulate" means a positive
regulatory effect on the expression of a gene. [00024]
The term "downregulate" means a negative regulatory
effect on the expression of a gene. [00025] As used
herein the term "expression" means the conversion of
genetic information encoded in a gene into mRNA,
transfer RNA (tRNA) or ribosomal RNA (rRNA) through
transcription. [00026] The term "infant" means a
postnatal human that is less than about 1 year of age.
[00027] The term "child" means a human that is between
about 1 year and 12 years of age. In some embodiments,
a child is between the ages of about 1 and 6 years. In
other embodiments, a child is between the ages of
about 7 and 12 years. [00028] The term "subject" means
any animal. Exemplary subjects can be domestic
animals, farm or zoo animals, wild animals, non-human
animals, or humans. Non-humans subjects can include
dogs, cats, horses, pigs, cattle, chickens, turkeys,
and the like. Human subjects can be infants, children,
and/or adults. [00029] The terms "in need of, when
used to describe a subject, mean that the subject
belongs to a class of subjects that would benefit from
thegene modulation resulting from the administration
of ARA and DHA. In some cases, a subject is in need of
such modulation due to genetic factors, and in other
cases the subject may be in need of such modulation
due to nutritional factors, disease, trauma, or
physical disorder. [00030] As used herein, the term
"infant formula" means a composition that satisfies
the nutrient requirements of an infant by being a
substitute for human milk. In the United States, the
contents of an infant formula are dictated by the
federal regulations set forth at 2 1 C.F.R. Sections
100, 106, and 107. These regulations define
macronutrient, vitamin, mineral, and other ingredient
levels in an effort to stimulate the nutritional and
other properties of human breast milk. [00031] In
accordance with the present invention, the inventors
have discovered a novel method for modulating the
expression of one or more 



genes in a subject by administering docosahexaenoic
acid (DHA) and arachidonic acid (ARA) to the subject.
In some embodiments, certain genes are upregulated and
in other embodiments certain genes are downregulated
via the method of the present invention. In some
embodiments, the method comprises administering
docosahexaenoic acid (DHA) and arachidonic acid (ARA)
to the subject in a ratio of ARA:DHA of between about
1:10 to about 10:1 by weight. In some embodiments, a
ratio of about 1:5 to about 5:1 can be used, and in
other embodiments a ratio of about 1:2 to about 2:1
can be used. [00032] In fact, the present inventors
have shown that the administration of DHA or ARA,
alone or in combination with one another, can modulate
the expression of genes across diverse biological
processes. They have also shown that DHA or ARA, alone
or in combination with one another, modulate the
expression of genes involved in learning, memory,
speech development, lung function, iron storage and
transport, oxygenation, immune function, anti-cancer
effects, tumor suppression, adiposity, weight gain,
obesity, atherosclerosis and many other biological
functions and disorders.[00033] DHA and ARA are long
chain polyunsaturated fatty acids (LCPUFA) which have
previously been shown to contribute to the health and
growth of infants. Specifically, DHA and ARA have been
shown to support the development and maintenance of
the brain, eyes and nerves of infants. Birch, E.,
etal., A Randomized Controlled Trial of Long-Chain
Polyunsaturated Fatty Acid Supplementation of Formula
in Term Infants after Weaning at 6 Weeks of Age, Am.
J. Clin. Nutr. 75:570-580 (2002). Clandinin, M., et
al., Formulas with Docosahexaenoic Acid (DHA) and
Arachidonic Acid (ARA) Promote Better Growth and
Development Scores in Very-Low-Birth-Weight Infants
(VLBW), Pediatr. Res. 5 1:187A-1 88A (2002). DHA and
ARA are typically obtained through breast milk in
infants that are breast-fed. In infants that are
formula-fed, however, DHA and ARA must be supplemented
into the diet. [00034] While it is known that DHA and
ARA are beneficial to the development of brain, eyes
and nerves in infants, DHA and ARA previously have not
been shown to have any effect on the modulation of
genetic expression in a subject -in particular in an
infant. The effects of DHA or ARA, alone or in
combination with one another, on the modulation of
genetic expression in the present invention were
surprising and unexpected. [00035] In the present
invention, the subject can be an infant. Furthermore,
the subject can be in need of the modulation of the
expression of one or more genes. Such modulation could
be upregulation or downregulation of one or more
genes. The subject can be at risk for developing a
disease or disorder related to the increased or
reduced expression of a particular gene. The subject
can be at risk due to genetic predisposition,
lifestyle, diet, or inherited syndromes, diseases, or
disorders. [00036] In the present invention, the form
of administration of DHA and 



ARA is not critical, as long as a therapeutically
effective amount isadministered to the subject. In
some embodiments, the DHA arid ARA are administered to
a subject via tablets, pills, encapsulations, caplets,
gelcaps, capsules, oil drops, or sachets. In another
embodiment, the DHA and ARA are added to a food or
drink product and consumed. The food 5 or drink
product may be a children's nutritional product such
as a follow-on formula, growing up milk, or a milk
powder or the product may be an infant's nutritional
product, such as an infant formula. [00037] When the
subject is an infant, it is convenient to provide DHA
and ARA as supplements into an infant formula which
can then be fed to 0 the infant. The DHA and the ARA
can be administered to the subject separately or in
combination. [00038] In an embodiment, the infant
formula for use in the present invention is
nutritionally complete and contains suitable types and
amounts of lipid, carbohydrate, protein, vitamins and
minerals. The 5 amount of lipid or fat typically can
vary from about 3 to about 7 g/1 00 kcal. The amount
of protein typically can vary from about 1 to about 5
g/1 00 kcal. The amount of carbohydrate typically can
vary from about 8 to about 12 g/1 00 kcal. Protein
sources can be any used in the art, e.g., nonfat milk,
whey protein, casein, soy protein, hydrolyzed protein,
amino acids, 0 and the like. Carbohydrate sources can
be any used in the art, e.g., lactose, glucose, corn
syrup solids, maltodextrins, sucrose, starch, rice
syrup solids, and the like. Lipid sources can be any
used in the art, e.g., vegetable oils such as palm
oil, canola oil, corn oil, soybean oil, palmolein,
coconut oil, medium chain triglyceride oil, high oleic
sunflower oil, high 25 oleic safflower oil, and the
like. [00039] Conveniently, commercially available
infant formula can be used. For example, Enfalac,
Enfamil(r), Enfamil(r) Premature Formula, Enfamil(r)
with Iron, Lactofree(r), Nutramigen(r),
Pregestimil(r), and ProSobee(r) (available from Mead
Johnson & Company, Evansville, IN, 30. U.S.A.) may be
supplemented with suitable levels of DHA or ARA, alone
or in combination with one another, and used in
practice of the method ofthe invention. Additionally,
Enfamil(r) LIPIL(r), which contains effective levels
of DHA and ARA is commercially available and may be
utilized in the present invention. [00040] The method
of the invention requires the administration of a DHA
or ARA, alone or in combination with one another. In
this embodiment, the weight ratio of ARA:DHA is
typically from about 1:3 to about 9:1 . In one
embodiment of the present invention, this ratio is
from about 1:2 to about 4:1 . In yet another
embodiment, the ratio is from about 2:3 to about 2:1 .
In one particular embodiment the ratio is about 2:1 .
In another particular embodiment of the invention, the
ratio is about 1:1.5. In other embodiments, the ratio
is about 1:1 .3. In still other embodiments, the ratio
is about 1:1.9. In a particular embodiment, the ratio
is about 1.5:1 . In a further embodiment, the ratio is
about 1.47:1 . [00041] In certain embodiments of the
invention, the level of DHA is between about 0.0% and
1.00% of fatty acids, by weight. Thus, in certain
embodiments, ARA alone may treat or reduce obesity. 



[00042] The level of DHA may be about 0.32% by weight.
In some embodiments, the level of DHA may be about
0.33% by weight. In another embodiment, the level of
DHA may be about 0.64% by weight. In another
embodiment, the level of DHA may be about 0.67% by
weight. In yet another embodiment, the level of DHA
may be about 0.96% by weight. In a further embodiment,
the level of DHA may be about 1.00% by weight. [00043]
In embodiments of the invention, the level of ARA is
between 0.0% and 0.67% of fatty acids, by weight.
Thus, in certain embodiments of the invention, DHA
alone can moderate gene expression in a subject. In
another embodiment, the level of ARA may be about
0.67% by weight. In another embodiment, the level of
ARA may be about 0.5% by weight. In yet another
embodiment, the level of DHA may be between about
0.47% and 0.48% by weight.[00044] The amount of DHA in
an embodiment of the present invention is typically
from about 3 mg per kg of body weight per day to about
150 mg per kg of body weight per day. In one
embodiment of the invention, the amount is from about
6 mg per kg of body weight per day to about 100 mg per
kg of body weight per day. In another embodiment the
amount is from about 15 mg per kg of body weight per
day to about 60 mg per kg of body weight per day.
[00045] The amount of ARA in an embodiment of the
present invention is typically from about 5 mg per kg
of body weight per day to about 150 mg per kg of body
weight per day. In one embodiment of this invention,
the amount varies from about 10 mg per kg of body
weight per day to about 120 mg per kg of body weight
per day. In another embodiment, the amount varies from
about 15 mg per kg of body weight per day to about 90
mg per kg of body weight per day. In yet another
embodiment, the amount varies from about 20 mg per kg
of body weight per day to about 60 mg per kg of body
weight per day. [00046] The amount of DHA in infant
formulas for use in the present invention typically
varies from about 2 mg/100 kilocalories (kcal) to
about 100 mg/100 kcal. In another embodiment, the
amount of DHA varies from about 5 mg/100 kcal to
about.75 mg/100 kcal. In yet another embodiment, the
amount of DHA varies from about 15 mg/100 kcal to
about 60 mg/100 kcal. [00047] The amount of ARA in
infant formulas for use in the present invention
typically varies from about 4 mg/100 kcal to about 100
mg/100 kcal. In another embodiment, the amount of ARA
varies from about 10 mg/100 kcal to about 67 mg/100
kcal. In yet another embodiment, the amount of ARA
varies from about 20 mg/100 kcal to about 50 mg/100
kcal. In a particular embodiment, the amount of ARA
varies from about 25 mg/100 kcal to about 40 mg/100
kcal. In a particular embodiment, the amount of ARA is
about 30 mg/100kcal.[00048] The infant formula
supplemented with oils containing DHA or ARA, alone or
in combination with one another, for use in the
present invention can be made using standard
techniques known in the art. For example, an
equivalent amount of an oil which is normally present
in infant formula, such as high oleic sunflower oil,
may be replaced with DHA or 



ARA. [00049] The source of the ARA and DHA can be any
source known in the art such as marine oil, fish oil,
single cell oil, egg yolk lipid, brain lipid, and the
like. The DHA and ARA can be in natural form, provided
that the remainder of the LCPUFA source does not
result in any substantial deleterious effect on the
infant. Alternatively, the DHA and ARA can be used in
refined form. The LCPUFA source may or may not contain
eicosapentaenoic acid (EPA). In some embodiments, the
LCPUFA used in the invention contains little or no
EPA. For example, in certain embodiments, the infant
formulas used herein contain less than about 20 mg/1
00 kcal EPA; in some embodiments less than about 10
mg/100 kcal EPA; in other embodiments less than about
5 mg/100 kcal EPA; and in still other embodiments
substantially no EPA. [00050] Sources of DHA and ARA
may be single cell oils as taught in U.S. Pat. Nos.
5,374,657, 5,550,1 56, and 5,397,591 , the disclosures
of which are incorporated herein by reference in their
entirety. [00051] In an embodiment of the present
invention, DHA or ARA, alone or in combination with
one another, may be supplemented into the diet of an
infant from birth until the infant reaches about one
year of age. In a particular embodiment, the infant
may be a preterm infant. In another embodiment of the
invention, DHA or ARA, alone or in combination with
one another, may be supplemented into the diet of a
subject from birth until the subject reaches about two
years of age. In other embodiments, DHA or ARA, alone
or in combination with one another, may be
supplemented into the diet of a subject for the
lifetime of the subject.Thus, in particular
embodiments, the subject may be a child, adolescent,
or adult. [00052] In an embodiment, the subject of the
invention is a child between the ages of one and six
years old. In another embodiment the subject of the
invention is a child between the ages of seven and
twelve years old. In particular embodiments, the
administration of DHA to children between the ages of
one and twelve years of age is effective in modulating
the expression of various genes, such as those listed
in Tables 4-9. In other embodiments, the
administration of DHA and ARA to children between the
ages of one and twelve years of age is effective in
modulating the expression of various genes, such as
those listed in Tables 4-9. [00053] In certain
embodiments of the invention, DHA or ARA, alone or in
combination with one another, are effective in
modulating the expression of certain genes in an
animal subject. The animal subject can be one that is
in need of such regulation. The animal subject is
typically a mammal, which can be domestic, farm, zoo,
sports, or pet animals, such as dogs, horses, cats,
cattle, and the like. [00054] The present invention is
also directed to the use of DHA or ARA, alone or in
combination with one another, for the preparation of a
medicament for modulating the expression of one or
more genes in.a subject, wherein the gene is selected
from the group consisting of those 



genes listed in Tables 4-7 under the "Gene Symbol"
column. In this embodiment, the DHA or ARA, alone or
in combination with one another, may be used to
prepare a medicament for the regulation of gene
expression in any human or animal neonate. For
example, the medicament could be used to regulate gene
expression in domestic, farm, zoo, sports, or pet
animals, such as dogs, horses, cats, cattle, and the
like. In some embodiments, the animal is in need of
the regulation of gene expression.[00055] The
following examples describe various embodiments of the
present invention. Other embodiments within the scope
of the claims herein will be apparent to one skilled
in the art from consideration of the specification or
practice of the invention as disclosed herein. It is
intended that the specification, together with the
examples, be considered to be exemplary only, with the
scope and spirit of the invention being indicated by
the claims which follow the examples. In the examples,
all percentages are given on a weight basis (w/w)
unless otherwise indicated. Example 1 [00056] This
example describes the results of DHA and ARA
supplementation in modulating gene expression. Methods
Animals All animal work took place at the Southwest
Foundation for Biomedical Research (SFBR) located in
San Antonio, TX. Animal protocols were approved by the
SFBR and Cornell University Institutional Animal Care
and Use Committee (IACUC). Animal characteristics are
summarized in Table 1. Table 1. Baboon Neonate
Characteristics [00057] Fourteen pregnant baboons
delivered spontaneously around 182 days gestation.
Neonates were transferred to the nursery within 24
hours of birth and randomized to one of three diet
groups. Animals were housed in enclosed incubators
until 2 weeks of age and then moved to individual
stainless steel cages in a controlled access nursery.
Room temperatures were maintained at temperatures
between 760F to 820Fwith a 12 hour light/dark cycle.
.They were fed experimental formulas until 12 weeks of
life.Diets [00058] Animals were assigned to one of the
three experimental formulas, with LCPUFA
concentrations presented in Table 2. Table 2. Formula
LCPUFA composition [00059] Target concentrations were
set as shown in brackets and diets were formulated
with excess to account for analytical and
manufacturing variability and/or possible losses
during storage. Control (C) and L, moderate DHA
formula, are the commercially available human infant
formulas Enfamil(r) and Enfamil LIPIL(r),
respectively. Formula L3 had an equivalent
concentration of ARA' and was targeted at three-fold
the concentration of DHA. [00060] Formulas were
provided by Mead Johnson & Company (Evansville, IN) in
ready-to-feed form. Each diet was sealed in cans
assigned two different color-codes to mask
investigators. Animals were 



offered 1 ounce of formula four times daily at 07:00,
10:00, 13:00 and 16:00 with an additional feed during
the first 2 nights. On day 3 and beyond, neonates were
offered 4 ounces total; when they consumed the entire
amount, the amount offered was increased in daily 2
ounce increments. Neonates were hand fed for the first
7-10 days until independent feeding was established.
Growth [00061] Neonatal growth was assessed using body
weight measurements, recorded two or three times
weekly. Head circumference and crown-rump length data
were obtained weekly for each animal. Organ weights
were recorded at necropsy at 12 weeks.Sampling & Array
Hybridization [00062] Twelve week old baboon neonates
were anesthetized and euthanized at 84.4  1.1 days.
RNA from the precentral gyrus of the cerebral cortex
was placed in RNALater according to vendor
instructions and was used for the microarray analysis
and validation of microarray results. [00063]
Microarray studies utilizing baboon samples with human
oligonucleotide arrays have been successfully carried
out previously. Cerebral cortex global messenger RNA
in the three groups was analyzed using Affymetrix
Genechip(tm) HG-U133 Plus 2.0 arrays. See
http://www.affymetrix.com/products/arrays/specific/hgu
133plus.affx. The HG-U133 Plus 2.0 has >54,000 probe
sets representing 47,000 transcripts and variants,
including 38,500 well-characterized human genes. One
hybridization was performed for each animal (12 chips
total). RNA preparations and array hybridizations were
processed at Genome Explorations, Memphis, TN
<http://www.genome-explorations.com>. The completed
raw data sets were downloaded from the Genome
Explorations secure ftp servers. Statistics [00064]
Data are expressed as meanSD. Statistical analysis was
conducted using analysis of variance (ANOVA) to test
the hypothesis of equivalent means for measures taken
at 12 weeks, and Tukey's correction was used to
control for multiple comparisons. Formula consumption,
body weight, head circumference, and crown-rump length
changes over time were tested with a random
coefficient regression model to compare LCPUFA groups
(L, L3) to control (C). Analysis were performed using
SAS for Windows 9.1 (SAS Institute, Cary, NC) with
significance declared at pq .05.Microarray Data
Analysis [00065] Raw data (.CEL files) were uploaded
into lobion's Gene Traffic MULTI 3.2 (lobion
Informatics, La JoIIa, CA, USA) and analyzed by using
the robust multi-array analysis (RMA) method. In
general, RMA performs three operations specific to
Affymetrix GeneChip arrays: global background
normalization, normalization across all of the
selected hybridizations, and Iog2 transformation of
"perfect match" oligonucleotide probe values.
Statistical analysis using the significance analysis
tool set in Gene Traffic was utilized to perform
Multiclass ANOVA on all probe level 



normalized data. Pairwise comparisons were made
between C versus L and C versus L3 and all probe set
comparisons reaching P < 0.05 were included in the
analysis. Gene lists of differentially expressed probe
sets were generated from this output for functional
analysis. Bioinformatics Analysis [00066] Expression
data was annotated using NIH DAVID <http://apps1
.niaid.nih.gov/david> and NetAffx
<http://www.affymetrix.com/analysis/index.affx >.
Genes were grouped into functional categories and
pathways based on the Gene Ontology Consortium
<http.7/www.qeneontoloqy.org>, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway Database
<http://www.qenome.ip/keqq/pathway.html > and
<BioCarta . <http://www.biocarta.com/ >. RNA Isolation
and RT PCR [00067] Real-Time Polymerase Chain Reaction
(RT PCR) was conducted on nine genes to confirm the
results of the array analysis. Total RNA from 30 mg
samples of baboon cerebral cortex brain tissue
homogenates was extracted using the RNeasy Mini kit
(Qiagen, Valencia, CA). Each RNA preparation was
treated with DNase I according to the manufacturer's
instructions. The yield of total RNA was assessed by
260 nm UV absorption. The quality of RNA was analyzed
by 260/280 nmratios of the samples and by agarose gel
electrophoresis to verify RNA integrity. [00068] One
microgram total RNA from each group (C, L, L3) was
reverse-transcribed into first strand cDNA using the
iScript cDNA synthesis kit (Bio-Rad, Hercules, CA).
The iScript reverse transcriptase was a modified
MMLV-derived reverse transcriptase and the iScript
reaction mix contains both oligo(dT) and random
primers. The generated first strand cDNA was stored at
-200C until used. [00069] Quantitative real-time PCR
using SYBR green and TaqMan assay methods was used to
verify the differential expression of selected genes
that were upregulated in the L3/C comparison. All the
primers were gene-specific and generated from human
sequences <www.ensembl.org>. PCR primers were designed
with PrimerQuest software (IDT, Coralville, IA) and
ordered from Integrated DNA Technologies (IDT,
Coralville, IA). Initially primers were tested by
polymerase chain reactions with baboon cerebral cortex
brain cDNA as template in a 30 ml reaction volume
using Eppendorf gradient thermal cycler (Eppendorf),
with 1 mm of each primer, 0.25 mm each of dNTPs, 3 ml
of 10c PCR buffer (Perkin-Elmer Life Sciences, Foster
City, CA, USA), 1.5 mM MgCI2 and 1.5 U Taq polymerase
(Ampli Taq II; Perkin-Elmer Life Sciences). Thermal
cycling conditions were: initial denaturation at 95C
for 5 minutes followed by 25- 35 cycles of
denaturation at 95C for 30 seconds, annealing at 600C
for 1 minute and extension at 72C for 1 minute, with a
final extension at 72"C for 2 minutes. PCR products
were separated by electrophoresis on 2% agarose gel
stained with ethidium bromide and bands of appropriate
sizes were obtained. The PCR products of LUM, TIMM8A,
UCP2, b- 



ACTIN, ADAM17 and ATP8B1 were sequenced and deposited
with GenBank (Ace Numbers: DQ779570, DQ779571 ,
DQ779572, DQ779573, DQ779574 and DQ779575,
respectively).[00070] Initially standardized primers
for genes (ATP8B1 , ADAM17, NF1 , FZD3, ZNF61 1, UCP2,
EGFR and control Ii-ACTIN) were used for SYBR green
real time PCR assay (Power SYBR Green PCR Master Mix,
Applied Biosystems, Foster City, CA). The baboon LUM,
TIMM8A and b- ACTIN sequences were used to design
TaqMan Assay (Assay by Design;
<www.appliedbiosystems.com>). The selected gene
symbols, primer pairs and probe details are depicted
in Table 3.BIT LINE COUPLING TECHNICAL FIELD OF THE
INVENTION The present invention relates generally to
memory devices and in particular the present invention
relates to bit line coupling. BACKGROUND OF THE
INVENTION Memory devices are typically provided as
internal storage areas in computers. The term memory
identifies data storage that comes in the form of
integrated circuit chips. In general, memory devices
contain an array of memory cells for storing data, and
row and column decoder circuits coupled to the array
of memory cells for accessing the array of memory
cells in response to an external address. One type of
memory is a non-volatile memory known as flash memory.
A flash memory is a type of EEPROM
(electrically-erasable programmable read-only memory)
that can be erased and reprogrammed in blocks. Many
modern personal computers (PCs) have their BIOS stored
on a flash memory chip so that it can easily be
updated if necessary. Such a BIOS is sometimes called
a flash BIOS. Flash memory is also popular in wireless
electronic devices because it enables the manufacturer
to support new communication protocols as they become
standardized and to provide the ability to remotely
upgrade the device for enhanced features. A typical
flash memory comprises a memory array that includes a
large number of memory cells arranged in row and
column fashion. Each of the memory cells includes a
floating-gate field-effect transistor capable of
holding a charge. The cells are usually grouped into
blocks. Each of the cells within a block can be
electrically programmed on an individual basis by
charging the floating gate. The charge can be removed
from the floating gate by a block erase operation. The
data in a cell is determined by the presence or
absence of the charge on the floating gate. NOR and
NAND flash memory devices are two common types of
flash memory devices, so called for the logical form
the basic memory cell configuration in which each is
arranged. Typically, for NOR flash memory devices, the
control gate of each memory cell of a row of the array
is connected to a word-select line, and the drain
region of each memory cell of a column of the array is
connected to a bit line. The memory array for NOR
flash memory devices is accessed by a row decoder
activating a row of floating gate memory cellsby
selecting the word-select line coupled to their gates.
The row of selected memory cells then place their data
values on the column bit lines by flowing a differing
current, depending upon their programmed states, from
a coupled source line to the coupled column bit lines.
The array of memory cells for NAND flash memory
devices is also arranged such that the control gate of
each memory cell of a row of the array is connected to
a word-select line. However, each memory cell is not
directly coupled to a column bit line by its drain
region. Instead, the memory cells of the array are
arranged together in strings (often termed NAND
strings), typically of 32 each, with the memory cells
coupled together in series, source 



to drain, between a source line and a column bit line.
The memory array forNAND flash memory devices is then
accessed by a row decoder activating a row of memory
cells by selecting the word-select line coupled to a
control gate of a memory cell. In addition, the
word-select lines coupled to the control gates of
unselected memory cells of each string are driven to
operate the unselected memory cells of each string as
pass transistors, so that they pass current in a
manner that is unrestricted by their stored data
values. Current then flows from the source line to the
column bit line through each series coupled string,
restricted only by the selected memory cells of each
string. This places the current-encoded data values of
the row of selected memory cells on the column bit
lines. During conventional program and read
operations, alternate bit lines are selected to reduce
bit-line-to-bit-line cross coupling effects. However,
cross coupling effects may still occur for memory
devices having bit lines located on different vertical
levels because of a lack of shielding used in these
configurations. For the reasons stated above, and for
other reasons stated below which will become apparent
to those skilled in the art upon reading and
understanding the present specification, there is a
need in the art for alternative bit line selection and
coupling schemes. SUMMARY The above-mentioned problems
with conventional program and read operations and
other problems are addressed by the present invention
and will be understood by reading and studying the
following specification. For one embodiment, the
invention provides a method of operating a memory
device, including concurrently selecting alternate
bit-line pairs, where each bit-line pair hasone bit
line formed at a first vertical level and one adjacent
bit line formed at a second vertical level different
than the first vertical level. For another embodiment,
the invention provides a memory device having an array
of memory cells coupled to a plurality of bit lines. A
first bit line is selectively coupled to a first
sensing device through a first select gate. The first
bit line is formed at a first level. A second bit line
is adjacent the first bit line and is selectively
coupled to the first sensing device through a second
select gate. The second bit line is formed at a second
level. A third bit line is adjacent the second bit
line and is selectively coupled to a second sensing
device through a third select gate. The third bit line
is formed at the first level. A fourth bit line is
adjacent the third bit line and is selectively coupled
to the second sensing device through a fourth select
gate. The fourth bit line is formed at the second
level. A control gate of the first select gate is
coupled to a control gate of the fourth select gate,
and a control gate of the second select gate is
coupled to a control gate of the third select gate.
For another embodiment, the invention provides a
memory device having an array of memory cells coupled
to a plurality of bit lines. A first bit line is
selectively coupled to a first sensing device through
a first select gate. The first bit line is formed at a
first level. A second bit line is adjacent the first
bit line and is selectively coupled to a second
sensing device through a second select gate. The
second bit line is formed at a second level. A third
bit line is adjacent the second bit line and is
selectively coupled to the first sensing device
through a third select gate. The third bit line is
formed at the first level. A fourth bit line is
adjacent the third bit line and is selectively coupled
to the second sensing device through a fourth select
gate. The fourth bit line is formed at the second
level. A control gate of the first select gate is
coupled to a control gate of the second select gate,
and a control gate of the third select gate is coupled
to a control gate of the first select gate. Further
embodiments of the invention include methods and
apparatus of varying 



scope. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a
block diagram illustration of an integrated circuit
device, according to an embodiment of the invention.
Figure 2 is a schematic of a NAND memory array in
accordance with another embodiment of the
invention.Figure 3 is a schematic of a data path
proceeding from a memory array through column access
circuitry to I/O circuitry in accordance with an
embodiment the invention. Figure 4 illustrates a
portion of a memory device, according to another
embodiment of the invention. Figure 5 is a
cross-sectional view of a portion of a memory array
taken along line 5-5 of Figure 4. Figure 6 illustrates
a portion of a memory device, according to another
embodiment of the invention. Figure 7 is an
illustration of an exemplary memory module, according
to another embodiment of the invention. DETAILED
DESCRIPTION In the following detailed description of
the invention, reference is made to the accompanying
drawings that form a part hereof, and in which is
shown, by way of illustration, specific embodiments in
which the invention may be practiced. In the drawings,
like numerals describe substantially similar
components throughout the several views. These
embodiments are described in sufficient detail to
enable those skilled in the art to practice the
invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be
made without departing from the scope of the present
invention. Use the following if applicable: The term
wafer or substrate used in the following description
includes any base semiconductor structure. Both are to
be understood as including silicon-on-sapphire (SOS)
technology, silicon-on-insulator (SOI) technology,
thin film transistor (TFT) technology, doped and
undoped semiconductors, epitaxial layers of a silicon
supported by a base semiconductor structure, as well
as other semiconductor structures well known to one
skilled in the art. Furthermore, when reference is
made to a wafer or substrate in the following
description, previous process steps may have been
utilized to form regions/junctions in the base
semiconductor structure, and terms wafer or substrate
include the underlying layers containing such
regions/junctions. The following detailed description
is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only
by the appended claims and equivalents thereof. Figure
1 is a block diagram illustration of an integrated
circuit device, such as a processor, a memory device
102, etc., according to an embodiment of the
invention. Thememory device 102 may be fabricated as
semiconductor device on a semiconductor substrate.
Examples of memory devices include NAND, NOR, or NROM
flash memory devices, dynamic random access memory
devices (DRAMs), static random access memory devices
(SRAMs), or the like. For one embodiment, memory
device 102 includes an array of flash memory cells
104, an address decoder 106, row access circuitry 108,
column access circuitry 110, control circuitry 112,
Input/Output (I/O) circuitry 114, and an address
buffer 116. Column access circuitry 110 includes
multiplexing circuitry in accordance with embodiments
of the invention. Control circuitry 112 is adapted to
perform operations of the invention. Memory device 102
may be coupled an external microprocessor 120, or
memory controller, for memory accessing as part of an
electronic system. The memory device 102 



receives control signals from the processor 120 over a
control link 122. The memory cells are used to store
data that are accessed via a data (DQ) link 124.
Address signals are received via an address link 126
that are decoded at address decoder 106 to access the
memory array 104. Address buffer circuit 116 latches
the address signals. The memory cells are accessed in
response to the control signals and the address
signals. It will be appreciated by those skilled in
the art that additional circuitry and control signals
can b e provided, and that the memory device of Figure
1 has been simplified to help focus on the invention.
The memory array 104 includes memory cells arranged in
row and column fashion. For one embodiment, each of
the memory cells includes a floating-gate field-effect
transistor capable of holding a charge. The cells may
be grouped into blocks. Each of the cells within a
block can be electrically programmed on an individual
basis by charging the floating gate. The charge can be
removed from the floating gate by a block erase
operation. Column bit lines of memory array 104 are
formed at different vertical levels. Figure 2 is a
schematic of a NAND memory array 200 as a portion of
memory array 104 in accordance with another embodiment
of the invention. As shown in Figure 2, the memory
array 200 includes word lines 202 to 202 N and
intersecting bit lines 204 1 to 204M. For one
embodiment, bit lines 202 are formed at different
vertical levels. For ease of addressing in the digital
environment, the number of word lines 202 and the
number of bit lines 204 are each some power of two,
e.g., 256 word lines 202 by 4,096 bit lines 204.Memory
array 200 includes NAND strings 2061to 206M- Each NAND
string includes floating-gate transistors 2081 to 208
N, each located at an intersection of a word line 202
and a hit line 204. The floating-gate transistors 208
represent non-volatile memory cells for storage of
data. The floating-gate transistors 208 of each NAND
string 206 are connected in series source to drain
between a source select line 214 and a drain select
line 215. Source select line 214 includes a source
select gate 210, e.g., a field-effect transistor
(FET), at each intersection between a NAND string 206
and source select line 214, and drain select line 215
includes a drain select gate 212, e.g., a field-effect
transistor (FET), at each intersection between a NAND
string 206 and drain select line 215. In this way, the
floating-gate transistors 208 of each NAND string 206
are connected between a source select gate 210 and a
drain select gate 212. A source of each source select
gate 210 is connected to a common source line 216. The
drain of each source select gate 210 is connected to
the source of the first floating-gate transistor 208
of the corresponding NAND string 206. For example, the
drain of source select gate 21O1 is connected to the
source of floating-gate transistor 208i of the
corresponding NAND string 206 1. Each source select
gate 210 includes a control gate 220. The drain of
each drain select gate 212 is connected to the bit
line 204 for the corresponding NAND string at a drain
contact 228. For example, the drain of drain select
gate 212 is connected to the bit line 204i for the
corresponding NAND string 206 at drain contact 228 1.
The source of each drain select gate 212 is connected
to the drain of the last floating-gate transistor 208
N of the corresponding NAND string 206. For example,
the source of drain select gate 212 is connected to
the drain of floating-gate transistor 208 N of the
corresponding NAND string 206 . Typical construction
of floating-gate transistors 208 includes a source 230
and a drain 232, a floating gate 234, and a control
gate 236, as shown in Figure 2. Floating-gate
transistors 208 have their control gates 236 coupled
to a word line 202. A column of memory array 200
includes a NAND string 206 and the source and drain
select gates connected thereto. A row of the
floating-gate transistors 208 are those transistors
commonly coupled to 



a given word line 202. Figure 3 is a schematic of a
data path proceeding from the memory array through the
column access circuitry to the I/O circuitry in
accordance with an embodiment the invention. Because
memory devices typically contain millions, if not
billions, of memorycells, it is common to have
multiple levels of multiplexing in coupling a memory
cell to a DQ line of the memory device. As shown in
Figure 3, a target memory cell 208, as part of memory
array 200, is selectively coupled to a first
multiplexer 302 through its associated bit line 204,
along with bit lines 204 from a number of other memory
cells (not shown in Figure 3). As one example, for a
memory array 200 of the type depicted in Figure 2, a
target memory cell 208 might be selectively coupled to
the first multiplexer 302 upon activation of its word
line 202 and an associated drain select gate (not
shown in Figure 3). The first multiplexer 302 may be
configured to select one of every two or more bit
lines in response to an address decoder (not shown in
Figure 3) and couple it to an output 304. The first
multiplexer 302 is configured in accordance with
embodiments of the invention. It will be apparent that
other memory array configurations, such as NOR
configurations, are also suitable for use with the
invention. The output 304 is provided to sensing and
latching circuitry 306. The sensing and latching
circuitry 306 senses the data value of the target
memory cell 208 and provides a signal indicative of
its data value on its output 308. The output 308 of
sensing and latching circuitry 306 is then provided to
column decode circuitry 310 along with other outputs
308 from other sensing devices (not shown in Figure
3). The column decode circuitry 310 is configured to
select one of a plurality of outputs 308 in response
to an address decoder (not shown in Figure 3) and
couple it to an output latch 312 to place the data
signal on the node 314, such as a DQ line, of the
memory device. Note that the data path is generally bi
directional, and the output latch 312 generally also
receives data values from the node 314 during a write
operation to the memory device. Often, the data path
includes two data signal legs, i.e., for carrying
complementary logic levels. Figure 4 illustrates a
portion of a memory device, such as memory device 102
of Figure 1, according to another embodiment of the
invention. For one embodiment, a memory array 404 of
Figure 4 may include bit lines 406u formed at a first
vertical level LJ of memory array 404, as denoted by
the subscript Ll, and bit lines 406 L formed at a
second vertical level L2, different from the first
vertical level Ll, of memory array 404, as denoted by
the subscript L2. For example, the second vertical
level L2 may overlie the first vertical level Ll, as
illustrated in Figure 5. Figure 5 is a cross-sectional
view of a portion of memory array 404 taken along line
5-5 of Figure 4. Columns of memory cells (not shown in
Figure 5), separated byisolation regions 408 formed in
a semiconductor substrate 400, run perpendicular to
Figure 5, with source and drain regions (not shown in
Figure 5) formed at opposing ends, one above the face
plane of Figure 5 and one below the face plane of
Figure 5. Contacts (or via plugs) 409 couple bit lines
406 to drain regions of drain select gates, such as
drain select gates 212 of Figure 2. It is noted that
Figure 5 can depict either a NOR-type memory device or
a NAND-type memory device, with the differences
occurring in the column direction in manners that are
well understood in the art of memory fabrication. Bit
lines 406 are coupled to a multiplexer 410 that is
selectively coupled to a sensing device 420, as shown
in Figure 4. Multiplexer 410 includes rows of select
gates 412, such as field effect transistors (FETs),
having their control gates 413 commonly coupled to
control lines 4 11. Bit lines 406 are respectively
coupled to source/drain regions 414 of select gates
412. Source/drain regions 416 of a pair of successive
select gates 412, respectively 



coupled to different control lines 411 and located in
different rows, are coupled together (or are shared)
to form select-gate pairs 418. For example,
source/drain regions 416] and 4162 respectively of the
pair of successive select gates 4122,i and 412 1,
respectively coupled to control lines 4 112 and 4 11 ,
are coupled together to form select-gate pair 418i,
source/drain regions 4I6 3 and 4164 respectively of
the pair of successive select gates 4 12 and 4122 2
respectively coupled to control lines 4 111 and 4 112
are coupled together to form select-gate pair 4 182,
etc. Select-gate pairs 418 are coupled to sensing
circuits 422 of sensing device 420 in a one-to-one
relationship, as shown in Figure 4. For one
embodiment, a bit line 406 formed at the first
vertical level Ll and a bit line 406 formed at the
second vertical level L2 are respectively coupled to
source drain/regions 414 of each pair of successive
select gates 412 of a select-gate pair 418. For
example, bit lines 406n,i and 406 ,1are respectively
coupled to source drain/regions 414i and 4142 of the
pair of successive select gates 4122 i and 412 i of
select-gate pair 418i, bit lines 406u,2 d 406 ,2are
respectively coupled to source drain/regions 414 and
4144 of the pair of successive select gates 412l 2 and
4122 2 of select-gate pair 4 182, etc. Note that
source/drain regions 416i and 416 respectively of
select gates 4122 i and 412 i of select-gate pair 4 18
1 are coupled to sensing circuit 4221, source/drain
regions 4 163 and 4164 respectively of select gates
4121 and 412 2 of select-gate pair 4182 to sensing
circuit 4222, etc. Note further that successively
adjacent bit lines 406 of successively adjacent
bitline pairs 425 are respectively located at the
first vertical level Ll and the second verticallevel
L2. For example, successively adjacent bit lines 406Li
I and 406L2 i of bit-line pair 425] are respectively
located at the first vertical level L l and the second
vertical level Z,2, successively adjacent bit lines
and 406L2,2 of bit-line pair 4252 are respectively
located at the first vertical level Ll and the second
vertical level L2, etc. Moreover, bit lines 406 of
successively adjacent bit-line pairs 425 respectively
successively alternate between the first and second
vertical levels, where the alternating bit lines 406
are respectively selectively coupled to sensing
circuits 422 through the select gates 412 commonly
coupled to one of the control lines 4 11. For example,
bit lines 406 LI,I, 406 2, 406 LI,3, d 406 4,
respectively of bit-line pairs 425 1, 4252, 4253, and
4254, are respectively selectively coupled to sensing
circuits 422 4222, 4223, and 4224 respectively through
the select gates 4122,i, 4122 2 , 4122,3, and 4122,4
commonly coupled to control line 4 112. Bit lines 406
,1 406 LI ,2, 406 ,3, and 406 LI ,4, respectively of
bit-line pairs 425 l 4252, 4253, and 4254, are
respectively coupled to the select gates 4 12 1, 412 ,
412 1 3 , and 412i 4 commonly coupled to control line
4 111. During operation, a row of select gates 412 is
activated in response to a control signal received on
the control line 4 11 for that row. Note that control
signals are received from column access circuitry of
the memory device, such as column access circuitry 110
of memory device 102 of Figure 1. Control signals
generated by the column access circuitry are in
response to control signals from memory control
circuitry of the memory device, such as memory control
circuitry 112 of memory device 102 of Figure 1.
Activation of a row of select gates 412 concurrently
selects the bit lines 406 coupled to the activated row
of select gates. That is, one bit line 406 is selected
from each of the successively adjacent bit-line pairs
425, where the selected bit lines 406 of successively
adjacent bit-line pairs 425 are respectively at
different vertical levels. In other words, the
selected bit lines 406 of successively adjacent
bit-line pairs 425 respectively successively alternate
between the first and second vertical levels. For
example, activation of the row of select gates 412
commonly coupled to control line 4 112 selects bit
line 406 LI,I of bit-line pair 425 , bit line 406 L2
of bit-line pair 4252, bit line 406 LI,3 of bit-line
pair 4253, and bit line 



406 L2 4 of bit-line pair 4254 Note that if control
line 4 111is at a logic level to activate the control
gates coupled thereto, control line 4 112 is at a
logic level to deactivate the control gates coupled
thereto. Activation of the row of select gates couples
one bit line 406 from each of the successively
adjacent bit-line pairs 425, where the selected bit
lines 406 of successivelyadjacent bit-line pairs 425
are respectively at different vertical levels, to a
respective one of sensing circuits 422. That is, the
selected bit lines 406 of successively adjacent
bit-line pairs 425 respectively successively alternate
between the first and second vertical levels and are
respectively coupled to sensing circuits 422 through
select gates 412. For example, the selected bit lines
406 LI ,I , 406 ,2, 406 U ,3, and 406L2,4 respectively
of bit-line pairs 425i, 4252, 425 , and 4254, are
respectively coupled to sensing circuits 422 4222,
4223, and 4224, respectively through select gates
4122,i, 4122,2, 4122,3, and 4122,4. Note that bit-line
pairs 430 may also be defined, as shown in Figure 4,
where bitline pairs 430 are interposed between a bit
line 406 at the first vertical level, e.g., 406u,i,
and a bit line 406 at the second vertical level, e.g.,
406o,4- Each bit-line pair 430 includes successively
adjacent bit lines 406, where the adjacent bit lines
406 of each bit-line pair 430 are respectively located
at the first vertical level Ll and the second vertical
level L2. Moreover, the respective adjacent bit lines
406 of alternate bit-line pairs (or two bit line pairs
430 with an interposing bit-line pair 430
therebetween) are selectively coupled to different
sensing circuits 422. For example, bit-line pair 43O
includes adjacent bit lines 406 1and 406u, 2,
respectively selectively coupled to sensing circuits
422i and 4222 respectively through select gates 412 1
and 412 , and bit-line pair 43O3 includes adjacent bit
lines 406L2,3 and 406 LI,4 , respectively selectively
coupled to sensing circuits 4223 and 422 respectively
through select gates 412 13 and 412i 4 . Also,
bit-line pair 43O includes adjacent bit lines 406L2
and 406 LI,3 , selectively respectively coupled to
sensing circuits 4222 and 422 respectively through
select gates 4122 2 and 4122,3 Note that the bit lines
406 of alternate bitline pairs 430 are coupled to
select gates 412 that are coupled to a common select
line 411. Activation of a row of select gates 412
concurrently selects alternate bit-line pairs 430 that
are coupled to the activated row of select gates.
Activation of the row of select gates couples the
respective adjacent bit lines 406 of each selected
bit-line pair 430 to different sensing circuits 422.
For example, adjacent bit lines 406 L2 I and 406 LI,2
of bit-line pair 43Oi are respectively coupled to
sensing circuits 422 1and 4222 respectively through
select gates 412i,i and 412 , and adjacent bit lines
406L2,3 and 406L I ,4 of bit-line pair 43O are
respectively coupled to sensing circuits 422 and 422
respectively through select gates 412 3 and 412 4 in
response to control line 41I 1 receiving a control
signal. Figure 6 illustrates a portion of a memory
device, such as memory device 102 of Figure 1,
according to another embodiment of the invention.
Common reference numbersdenote common or similar
elements of Figures 4 and 6. Source/drain regions 416
of a pair of alternate select gates 412, respectively
coupled to different control lines 411 and located in
different rows, are coupled together (or are shared)
to form select-gate pairs 6 18 of multiplexer 610. For
example, source/drain regions 416i and 4I6 3
respectively of the pair of alternate select gates 4
12 and 4122,i, respectively coupled to control lines 4
111and 4 112, are coupled together to form select-gate
pair 618i, source/drain regions 4162 and 4164
respectively of the pair of alternate select gates 4
12 and 4122,2, respectively coupled to control lines 4
111 and 4 112, are coupled together to form
select-gate pair 6 182, etc. Selectgate pairs 618 are
coupled to one-to-one with sensing circuits 422 of
sensing device 420, as shown in Figure 6. For one
embodiment, source drain/regions 414 of select gates
412 of alternate 



select-gate pairs 618 are respectively coupled to bit
lines 406 formed at one of the vertical levels, while
source drain/regions 414 of select gates 412 of the
remaining select-gate pairs 618 are respectively
coupled to bit lines 406 formed at another of the
vertical levels. For example, source/drain regions 414
t and 4143 and source/drain regions 414s and 414 7,
respectively of select- gate pair 6 18 and select-gate
pair 6 183, are respectively coupled to bit lines
406u,i and 406u,2 of first vertical level Ll and bit
lines 406 LI,3 and 406u,4 of first vertical level Ll.
Source/drain regions 414 and 414 and source/drain
regions 4 14 and 4148, respectively of select-gate
pair 6182 and select-gate pair 6 184, are respectively
coupled to bit lines 406i ,i and 406L2,2 of second
vertical level L2 and bit lines 406 3 and 406 ,4 of
second vertical level L2. Note that alternate bit-line
pairs 625 are coupled to select gates 412 of a single
row, i.e., to select gates commonly coupled to a
select line 4 11. For example, alternate bitline pairs
625 and 6253 are respectively coupled to select gates
412 I J and 412l 2 and select gates 412 1,3 and 412
1,4 that are commonly coupled to control line 4 111.
Remaining bit-line pairs 625 are coupled to select
gates 412 of another single row, i.e., to select gates
commonly coupled to a different select line 4 11. For
example, bit-line pairs 625 and 625 , are respectively
coupled to select gates 4 122,1 and 4122,2 and select
gates 4122,3 and 412 2 4 that are commonly coupled to
control line 41I . Note that each bit-line pair 625
includes successively adjacent bit lines 406, where
the adjacent bit lines 406 of each bit-line pair 625
are respectively located at the first vertical level
Ll and the second vertical level L2 and where the
respective adjacent bit lines 406 ofeach bit-line pair
625 are selectively coupled to different sensing
circuits 422. For example, bit-line pair 625\ includes
adjacent bit lines 406 i,i and 406 L2,I, respectively
selectively coupled to sensing circuits 422 and 422
respectively through select gates 412i i and 412 1,2,
and bit-line pair 6253 includes adjacent bit lines
406LI ,3 and 406L2,3 respectively selectively coupled
to sensing circuits 4223 and 4224 respectively through
select gates 412i, 3 and 412i,4. Also, bit-line pair
6252 includes adjacent bit lines 406 LI ,2 and
406L2,2, selectively respectively coupled to sensing
circuits 422i and 4222 respectively through select
gates 4122 and 4122,2, and bit-line pair 6254 includes
adjacent bit lines 406LI ,4 and 406 L24 , respectively
selectively coupled to sensing circuits 4223 and 422
respectively through select gates 4122 3 and 4122,4-
Activation of a row of select gates 412 concurrently
selects alternate bit-line pairs 625 that are coupled
to the activated row of select gates. Activation of
the row of select gates couples the respective
adjacent bit lines 406 of each selected bit-line pair
625 to different sensing circuits 422. For example, in
response to control line 4 111 receiving a control
signal, adjacent bit lines 406LI,I and 406u2,i of
bit-line pair 625i are respectively coupled to sensing
circuits 422i and 4222 respectively through select
gates and adjacent bit lines 406u, 3 and 406 L2 3 of
bit-line pair 6253 are respectively coupled to sensing
circuits 422 and 4224 respectively through select
gates 412i ,3 and 412i,4. The remaining bit-line pairs
625, e.g., bit-line pairs 6252 and 625 are not
selected. Bit-line pairs 625 and 6254 are selected
concurrently when the row select gates 414 selectively
coupled thereto are activated in response to control
line 4 11 receiving a control signal. For example, bit
lines 406 LI , and 406 L2>2 of bit-line pair 6252 are
respectively selected upon activation of select gates
4122 i and 4122,2 that respectively couple bit lines
406u,2 d 406L2,2 of bit-line pair 6252 to sensing
circuits 422i and 4222. Bit lines 406 LI,4 and 406 ,4
of bit-line pair 6254 are respectively selected upon
activation of select gates 4122,3 and 412 ,4 that
respectively couple bit lines 406 LI,4 and 406 L24 of
bit-line pair 625 to sensing circuits 422 3 and 4224. 



Figure 7 is an illustration of an exemplary memory
module 700, according to another embodiment of the
invention. Memory module 700 is illustrated as a
memory card, although the concepts discussed with
reference to memory module 700 are applicable to other
types of removable or portable memory, e.g., USB flash
drives, and are intended to be within the scope of
"memory module" as used herein. In addition, although
one example form factor is depicted in Figure 7, these
concepts are applicable to other form factors as
well.In some embodiments, memory module 700 will
include a housing 705 (as depicted) to enclose one or
more memory devicess 710, though such a housing is not
essential to all devices or device applications. At
least one memory device 710 may be a NAND, NOR, or
NROM flash memory device, dynamic random access memory
device (DRAMs), static random access memory device
(SRAMs), or the like, and may be similar to memory
device 102 of Figure 1. A memory array of the at least
one memory device 710 includes bit lines formed at
different vertical levels.and multiplexing circuitry
in accordance with embodiments of the invention. Where
present, the housing 705 includes one or more contacts
715 for communication with a host device. Examples of
host devices include digital cameras, digital
recording and playback devices, PDAs, personal
computers, memory card readers, interface hubs and the
like. For some embodiments, the contacts 715 are in
the form of a standardized interface. For example,
with a USB flash drive, the contacts 715 might be in
the form of a USB Type-A male connector. For some
embodiments, the contacts 715 are in the form of a
semi-proprietary interface, such as might be found on
CompactFlash(tm) memory cards licensed by SanDisk
Corporation, Memory Stick(tm) memory cards licensed by
Sony Corporation, SD Secure Digital(tm) memory cards
licensed by Toshiba Corporation and the like. In
general, however, contacts 715 provide an interface
for passing control, address, and/or data signals
between the memory module 700 and a host having
compatible receptors for the contacts 715. The memory
module 700 may optionally include additional circuitry
720 which may be one or more integrated circuits
and/or discrete components. For some embodiments, the
additional circuitry 720 may include a memory
controller for controlling access across multiple
memory devices 710 and/or for providing a translation
layer between an external host and a memory device
710. For example, there may not be a one-to-one
correspondence between the number of contacts 715 and
a number of I/O connections to the one or more memory
devicess 710. Thus, a memory controller could
selectively couple an I/O connection (not shown in
Figure 7) of a memory device 710 to receive the
appropriate signal at the appropriate I/O connection
at the appropriate time or to provide the appropriate
signal at the appropriate contact 715 at the
appropriate time. Similarly, the communication
protocol between a host and the memory module 300 may
be different than what is required for access of a
memory device 710. A memory controller could then
translate the command sequences received from a host
into the appropriate command sequences to achieve the
desired access tothe memory device 710. Such
translation may further include changes in signal
voltage levels in addition to command sequences. The
additional circuitry 720 may further include
functionality unrelated to control of a memory device
710 such as logic functions as might be performed by
an ASIC (application specific integrated circuit).
Also, the additional circuitry 720 may include
circuitry to restrict read or write access to the
memory module 700, such as password protection,
biometrics or the like. The additional circuitry 720
may include circuitry to indicate a status of the
memory module 700. For example, the additional
circuitry 720 may include functionality to determine
whether power is being supplied to the memory module
700 and whether the memory module 700 is currently
being accessed, and to display an 



indication of its status, such as a solid light while
powered and a flashing light while being accessed. The
additional circuitry 720 may further include passive
devices, such as decoupling capacitors to help
regulate power requirements within the memory module
700. CONCLUSION Although specific embodiments have
been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that
any arrangement that is calculated to achieve the same
purpose may be substituted for the specific
embodiments shown. Many adaptations of the invention
will be apparent to those of ordinary skill in the
art. Accordingly, this application is intended to
cover any adaptations or variations of the invention.
It is manifestly intended that this invention be
limited only by the following claims and equivalents
thereof.What is claimed is: 1. A method of operating a
memory device, comprising: concurrently selecting
alternate bit-line pairs; wherein each bit-line pair
comprises one bit line formed at a first vertical
level and one adjacent bit line formed at a second
vertical level different than the first vertical
level. 2. The method of claim 1, wherein an
interposing bit-line pair between the selected bitline
pairs is not selected. 3. The method of claim 1,
wherein concurrently selecting alternate bit-line
pairs comprises activating a row of select gates
coupled to each bit line of the alternate bitline
pairs. 4. The method of claim 3, wherein activating a
row of select gates coupled to each bit line of the
alternate bit-line pairs is in response to receiving a
signal at a control line coupled to the row of select
gates. 5. A method of operating a memory device,
comprising: concurrently coupling alternate bit-line
pairs to a sensing device; wherein each coupled
bit-line pair comprises a first bit-line formed at a
first vertical level and a second bit line formed at a
second vertical level different than the first
vertical level; and wherein the first and second bit
lines are respectively coupled to sensing circuits of
the sensing device. 6. The method of claim 5, wherein
the first and second bit lines are respectively
coupled to the sensing circuits through select
gates.7. The method of claim 6, wherein concurrently
coupling alternate bit-line pairs to a sensing device
comprises concurrently activating the select gates
associated with the alternate bit line pairs. 8. The
method of claim 6, wherein the select gates are
commonly coupled to a control line. 9. The method of
claim 8, wherein concurrently coupling alternate
bit-line pairs to a sensing device is in response to
the control line receiving a signal. 10. A method of
operating a memory device, comprising: respectively
concurrently coupling first and second successively
adjacent bit lines of alternate bit-line pairs to
sensing circuits; wherein the first and second bit
lines are coupled to the sensing circuits through
select gates; wherein a control line is coupled to
each of the select gates; wherein coupling the first
and second bit lines of the alternate bit-line pairs
to the 



sensing circuits is in response to receiving a signal
at the control line that activates the select gates;
and wherein the first bit lines are formed at a first
vertical level and the second bit lines formed at a
second vertical level different than the first
vertical level. 11. The method of claim 10, wherein
the select gates are first select gates and have first
and second source/drain regions, the first bit lines
coupled to the first source/drain regions of a first
portion ofthe first select gates and the second bit
lines coupled to the first source/drain regions of a
second portion of the first select gates; first
source/drain regions of non-activated second select
gates are respectively coupled to the second
source/drain regions of the first select gates,
wherein third bit lines formed at the second vertical
level are respectively coupled to second source/drain
regions of the non-activated second select gates whose
first source/drain regions are respectively coupled to
the second source/drain regions of the first portion
of first select gates and fourth bit lines formed at
the first vertical level are respectively coupled to
second source/drain regions of the non-activated
second select gates whose first source/drain regions
are respectively coupled to the second source/drain
regions of the second portion of first select gates;
and the first source/drain regions of the
non-activated second select gates and the second
source/drain regions of the first select gates are
coupled to the sensing circuits. 12. The method of
claim 11, wherein the control line is a first control
line and the nonactivated second select gates are
commonly coupled to a second control line. 13. The
method of claim 10, wherein the select gates are first
select gates and have first and second source/drain
regions, the first bit lines coupled to the first
source/drain regions of a first portion of the first
select gates and the second bit lines coupled to the
first source/drain regions of a second portion of the
first select gates; first source/drain regions of
non-activated second select gates are respectively
coupled to the second source/drain regions of the
first select gates, wherein third bit lines formed at
the first vertical level are respectively coupled to
second source/drain regions of the non-activated
second select gates whose first source/drain regions
are respectively coupled to the second source/drain
regions of the first portion of first select gates and
fourth bit lines formed at the second vertical level
are respectively coupled to second source/drainregions
of the non-activated second select gates whose first
source/drain regions are respectively coupled to the
second source/drain regions of the second portion of
first select gates; and; the first source/drain
regions of the non-activated second select gates and
the second source/drain regions of the first select
gates are coupled to the sensing circuits. 14. The
method of claim 13, wherein the control line is a
first control line and the nonactivated second select
gates are commonly coupled to a second control line.
15. A method of operating a memory device, comprising:
concurrently selecting a bit line from each of
successively adjacent pairs of bit lines, wherein the
selected bit lines respectively alternate between
different vertical levels. 16. The method of claim 15,
wherein the selected bit lines respectively
successively alternate between first and second
vertical levels. 



17. The method of claim 15, wherein concurrently
selecting a bit line from each of successively
adjacent pairs of bit lines comprises activating a row
of select gates coupled to each selected bit line. 18.
The method of claim 17, wherein activating a row of
select gates coupled to each selected bit line is in
response to receiving a signal at a control line
commonly coupled to the row of select gates. 19. The
method of claim 17, wherein an unselected bit line of
each pair of bit lines is coupled to a different row
of select gates.20. A method of operating a memory
device, comprising: concurrently coupling a bit line
from each of successively adjacent pairs of bit lines
to a sensing device; wherein the selected bit lines
respectively alternate between first and second bit
lines of the pairs, the first and second bit lines
respectively formed at first second vertical levels,
the second vertical level different than the first
vertical level; and wherein the first and second bit
lines are respectively coupled to sensing circuits of
the sensing device. 21. The method of claim 20,
wherein the first and second bit lines are coupled to
the sensing circuits through select gates. 22. The
method of claim 21, wherein concurrently coupling a
bit line from each of successively adjacent pairs of
bit lines to a sensing device comprises concurrently
activating the select gates. 23. The method of claim
21, wherein the select gates are commonly coupled to a
control line. 24. The method of claim 23, wherein
concurrently coupling a bit line from each of
successively adjacent pairs of bit lines to a sensing
device is in response to the control line receiving a
signal. 25. A method of operating a memory device,
comprising: coupling a first bit line of a first pair
of bit lines to a first sensing circuit; and coupling
a second bit line of a second pair of bit lines to a
second sensing circuit;wherein the first pair of bit
lines is adjacent the second pair of bit lines; and
wherein the first bit line is formed at a vertical
level different than the second bit line. 26. The
method of claim 25, wherein a remaining bit line of
the first pair of bit lines is formed at a vertical
level the same as the second bit line. 27. The method
of claim 25, wherein a remaining bit line of the
second pair of bit lines is formed at a vertical level
the same as the first bit line. 28. A method of
operating a memory device, comprising: coupling first
and second bit lines of a first pair of bit lines
respectively to first and second sensing circuits; and
coupling first and second bit lines of a second pair
of bit lines respectively to third and fourth sensing
circuits; wherein a third pair of bit lines is
interposed between the first and second pairs of bit
lines; and wherein the first bit line of each pair is
formed at a vertical level different than the second
bit line. 29. A memory device, comprising: an array of
memory cells coupled to a plurality of bit lines; a
first bit line selectively coupled to a first sensing
device through a first select gate, 



the first bit line formed at a first level; a second
bit line adjacent the first bit line and selectively
coupled to the first sensing device through a second
select gate, the second bit line formed at a second
level; a third bit line adjacent the second bit line
and selectively coupled to a second sensing device
through a third select gate, the third bit line formed
at the first level;a fourth bit line adjacent the
third bit line and selectively coupled to the second
sensing device through a fourth select gate, the
fourth bit line formed at the second level; wherein a
control gate of the first select gate is coupled to a
control gate of the fourth select gate; and wherein a
control gate of the second select gate is coupled to a
control gate of the third select gate. 30. A memory
device, comprising: an array of memory cells coupled
to a plurality of bit lines; a first bit line
selectively coupled to a first sensing device through
a first select gate, the first bit line formed at a
first level; a second bit line adjacent the first bit
line and selectively coupled to a second sensing
device through a second select gate, the second bit
line formed at a second level; a third bit line
adjacent the second bit line and selectively coupled
to the first sensing device through a third select
gate, the third bit line formed at the first level; a
fourth bit line adjacent the third bit line and
selectively coupled to the second sensing device
through a fourth select gate, the fourth bit line
formed at the second level; wherein a control gate of
the first select gate is coupled to a control gate of
the second select gate; and wherein a control gate of
the third select gate is coupled to a control gate of
the first select gate. 31. A memory device,
comprising: a row of select gates commonly coupled to
a control line; andalternate bit-line pairs coupled to
the select gates, each of the alternate bit-line pairs
comprising a first bit line formed at a first vertical
level and a second bit line formed at a second
vertical level different than the first vertical
level. 32. The memory device of claim 31, wherein the
select gates respectively selectively couple the first
and second bit lines of the alternate bit-line pairs
to sensing circuits. 33. The memory device of claim
32, wherein the select gates are first select gates,
the control line is a first control line, and further
comprising: an interposed bit-line pair between the
alternate bit-line pairs having a first bit line at
the first vertical level and a second bit line at the
second vertical level; and a row of second select
gates commonly coupled to a second control line;
wherein the first bit line of the interposed bit-line
pair is selectively coupled to the same sensing
circuit as the first bit line of a first one of the
alternating pairs through a second select gate and the
second bit line of the interposed bit-line pair is
selectively coupled to the same sensing circuit as the
second bit line of the first one of the alternating
pairs through another second select gate. 34. The
memory device of claim 32, wherein the select gates
are first select gates, the control line is a first
control line, and further comprising: 



an interposed bit-line pair between the alternate
bit-line pairs so as to be adjacent to first and
second bit-line pairs of the alternate bit-line pairs,
the interposed bitline pair having a first bit line at
the first vertical level adjacent the second bit line
of the first bit-line pair of the alternate bit-line
pairs and a second bit line at the second vertical
level adjacent the first bit line of the second
bit-line pair of the alternate bit-line pairs; and a
row of second select gates commonly coupled to a
second control line; wherein the first bit line of the
interposed bit-line pair is selectively coupled to the
same sensing circuit as the second bit line of the
first bit-line pair of thealternate bit-line pairs
through a second select gate and the second bit line
of the interposed bit-line pair is selectively coupled
to the same sensing circuit as the first bit line of
the second bit-line pair of the alternating pairs
through another second select gate. 35. A memory
module, comprising: a plurality of contacts; and two
or more memory devices, each having access lines
selectively coupled to the plurality of contacts;
wherein at least one of the memory devices comprises:
an array of memory cells coupled to a plurality of bit
lines; a first bit line selectively coupled to a first
sensing device through a first select gate, the first
bit line formed at a first level; a second bit line
adjacent the first bit line and selectively coupled to
the first sensing device through a second select gate,
the second bit line formed at a second level; a third
bit line adjacent the second bit line and selectively
coupled to a second sensing device through a third
select gate, the third bit line formed at the first
level; a fourth bit line adjacent the third bit line
and selectively coupled to the second sensing device
through a fourth select gate, the fourth bit line
formed at the second level; wherein a control gate of
the first select gate is coupled to a control gate of
the fourth select gate; and wherein a control gate of
the second select gate is coupled to a control gate of
the third select gate. 36. A memory module,
comprising:a plurality of contacts; and two or more
memory devices, each having access lines selectively
coupled to the plurality of contacts; wherein at least
one of the memory devices comprises: an array of
memory cells coupled to a plurality of bit lines; a
first bit line selectively coupled to a first sensing
device through a first select gate, the first bit line
formed at a first level; a second bit line adjacent
the first bit line and selectively coupled to a second
sensing device through a second select gate, the
second bit line formed at a second level; a third bit
line adjacent the second bit line and selectively
coupled to the first sensing device through a third
select gate, the third bit line formed at the first
level; 



a fourth bit line adjacent the third bit line and
selectively coupled to the second sensing device
through a fourth select gate, the fourth bit line
formed at the second level; wherein a control gate of
the first select gate is coupled to a control gate of
the second select gate; and wherein a control gate of
the third select gate is coupled to a control gate of
the first select gate. 37. A memory module,
comprising: a plurality of contacts; and two or more
memory devices, each having access lines selectively
coupled to the plurality of contacts; wherein at least
one of the memory devices comprises: a row of select
gates commonly coupled to a control line; andalternate
bit-line pairs coupled to the select gates, each of
the alternate bit-line pairs comprising a first bit
line formed at a first vertical level and a second bit
line formed at a second vertical level different than
the first vertical level. 38. A memory module,
comprising: a housing having a plurality of contacts;
and one or more memory devicess enclosed in the
housing and selectively coupled to the plurality of
contacts; wherein at least one of the memory devices
comprises: an array of memory cells coupled to a
plurality of bit lines; a first bit line selectively
coupled to a first sensing device through a first
select gate, the first bit line formed at a first
level; a second bit line adjacent the first bit line
and selectively coupled to the first sensing device
through a second select gate, the second bit line
formed at a second level; a third bit line adjacent
the second bit line and selectively coupled to a
second sensing device through a third select gate, the
third bit line formed at the first level; a fourth bit
line adjacent the third bit line and selectively
coupled to the second sensing device through a fourth
select gate, the fourth bit line formed at the second
level; wherein a control gate of the first select gate
is coupled to a control gate of the fourth select
gate; and wherein a control gate of the second select
gate is coupled to a control gate of the third select
gate.39. A memory module, comprising: a housing having
a plurality of contacts; and one or more memory
devicess enclosed in the housing and selectively
coupled to the plurality of contacts; wherein at least
one of the memory devices comprises: an array of
memory cells coupled to a plurality of bit lines; a
first bit line selectively coupled to a first sensing
device through a first select gate, the first bit line
formed at a first level; a second bit line adjacent
the first bit line and selectively coupled to a second
sensing device through a second select gate, the
second bit line formed 



at a second level; a third bit line adjacent the
second bit line and selectively coupled to the first
sensing device through a third select gate, the third
bit line formed at the first level; a fourth bit line
adjacent the third bit line and selectively coupled to
the second sensing device through a fourth select
gate, the fourth bit line formed at the second level;
wherein a control gate of the first select gate is
coupled to a control gate of the second select gate;
and wherein a control gate of the third select gate is
coupled to a control gate of the first select gate.
40. A memory module, comprising: a housing having a
plurality of contacts; and one or more memory devicess
enclosed in the housing and selectively coupled to the
plurality of contacts; wherein at least one of the
memory devices comprises: a row of select gates
commonly coupled to a control line; andalternate
bit-line pairs coupled to the select gates, each of
the alternate bit-line pairs comprising a first bit
line formed at a first vertical level and a second bit
line formed at a second vertical level different than
the first vertical level. 4 1. An electronic system,
comprising: a processor; and one or more memory
devices coupled to the processor, wherein at least one
of the memory devices comprises: an array of memory
cells coupled to a plurality of bit lines; a first bit
line selectively coupled to a first sensing device
through a first select gate, the first bit line formed
at a first level; a second bit line adjacent the first
bit line and selectively coupled to the first sensing
device through a second select gate, the second bit
line formed at a second level; a third bit line
adjacent the second bit line and selectively coupled
to a second sensing device through a third select
gate, the third bit line formed at the first level; a
fourth bit line adjacent the third bit line and
selectively coupled to the second sensing device
through a fourth select gate, the fourth bit line
formed at the second level; wherein a control gate of
the first select gate is coupled to a control gate of
the fourth select gate; and wherein a control gate of
the second select gate is coupled to a control gate of
the third select gate. 42. An electronic system,
comprising: a processor; andone or more memory devices
coupled to the processor, wherein at least one of the
memory devices comprises: an array of memory cells
coupled to a plurality of bit lines; a first bit line
selectively coupled to a first sensing device through
a first select gate, the first bit line formed at a
first level; 



a second bit line adjacent the first bit line and
selectively coupled to a second sensing device through
a second select gate, the second bit line formed at a
second level; a third bit line adjacent the second bit
line and selectively coupled to the first sensing
device through a third select gate, the third bit line
formed at the first level; a fourth bit line adjacent
the third bit line and selectively coupled to the
second sensing device through a fourth select gate,
the fourth bit line formed at the second level;
wherein a control gate of the first select gate is
coupled to a control gate of the second select gate;
and wherein a control gate of the third select gate is
coupled to a control gate of the first select gate.
43. An electronic system, comprising: a processor; and
one or more memory devices coupled to the processor,
wherein at least one of the memory devices comprises:
a row of select gates commonly coupled to a control
line; and alternate bit-line pairs coupled to the
select gates, each of the.alternate bit-line pairs
comprising a first bit line formed at a first vertical
level and a second bit line formed at a second
vertical level different than the first vertical
level. 


