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INCREASED DRAM-ARRAY THROUGHPUT 
USING INACTIVE BITLINES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 USC §1 19(e) to 
US. Provisional Application Ser. No. 61/322,125, entitled 
“Increased DRAM-Array Throughput Utilizing Inactive Bit 
lines,” by QaWi Harvard, Robert J. Drost, and R. Jacob Baker, 
?led on Apr. 8, 2010, the contents of Which are herein incor 
porated by reference. 

GOVERNMENT LICENSE RIGHTS 

The United States Government may have a paid-up license 
in this invention and the right in limited circumstances to 
require the patent oWner to license others on reasonable terms 
as provided for by the terms of Contract No. H98230-09-C 
0267 aWarded by the United States Department of Defense. 

FIELD 

The present disclosure generally relates to memory 
devices. More speci?cally, the present disclosure relates to a 
memory device that selectively couples an output of a sense 
ampli?er to an unused input/output (I/ O) line of the memory 
device, as opposed to an I/O line of the memory device that is 
proximate to the sense ampli?er. 

RELATED ART 

Dynamic random access memory (DRAM) is used in a 
Wide range of computer systems and computing devices. 
Because of poWer consumption, chip-siZe and price con 
straints, DRAM chips in these systems typically only include 
up to eight input/output (I/O) lines, Which can restrict the 
communication bandWidth. 

HoWever, recently developed chip-to-chip interconnects 
alloW as many as ten times the number of I/O lines, Which can 
be used to provide a higher communication bandWidth With 
existing DRAM chips. For example, increased DRAM com 
munication bandWidth can be enabled using neoteric chip-to 
chip interconnect technology. 

Nonetheless, even With this increased external communi 
cation bandWidth, increasing the internal communication 
bandWidth of a DRAM chip can be challenging. In particular, 
it can be di?icult to access more data from the memory array 
in DRAM because of constraints in the local I/O lines or 
routing channel. 
A number of techniques have been proposed to address this 

challenge. In one technique, the memory array is divided into 
smaller groups, thereby reducing the parasitic load on the 
local I/ O lines, Which can alloW these I/O lines to be accessed 
more rapidly (i.e., the data rate can be increased). HoWever, 
this technique typically increases the siZe of a DRAM chip 
signi?cantly because of the area overhead associated With 
dividing or sectioning the memory array. The resulting 
increased cost and poWer consumption of the DRAM chips 
can be prohibitive in many applications. 

In another technique, the number of metal tracks allocated 
for local I/O line routing is increased, thereby reducing the 
parasitic load and alloWing a higher data rate. HoWever, this 
technique increases the siZe of the local bitline sense layout 
Where the local I/O lines are located, and therefore also 
increases the chip siZe, poWer consumption and cost. 
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2 
Hence, What is needed is a memory device Without the 

above-described problems. 

SUMMARY 

One embodiment of the present disclosure provides a 
memory device that includes: an array of memory cells that 
store information; a ?rst bitline coupled to the memory cells 
in the array and a second bitline coupled to the memory cells 
in the array; and a sense ampli?er coupled to the ?rst bitline 
and the second bitline. During operation, this sense ampli?er: 
receives the information stored in a given memory cell via one 
of the ?rst bitline and the second bitline. Next, in response to 
an activation signal, the memory device develops a signal by 
amplifying the information and then, in response to a gating 
signal, outputs the signal. The memory device also includes 
control logic Which, in response to a read command, turns on 
a ?rst isolation signal and turns off a second isolation signal, 
thereby coupling the sense ampli?er to the given memory cell 
via the ?rst bitline. The memory device provides the activa 
tion signal to the sense ampli?er to develop the signal. After 
the signal is developed, the control logic turns off the ?rst 
isolation signal and turns on the second isolation signal, 
thereby coupling an output of the sense ampli?er to an unused 
input/output (I/O) line of the memory device via the second 
bitline, as opposed to an I/ O line of the memory device that is 
proximate to the sense ampli?er. The control logic also pro 
vides the gating signal to the sense ampli?er, thereby output 
ting the signal on the unused I/O line. 

In some embodiments, the memory device includes a Word 
line coupled to the memory cells in the array. This Word line 
may select the given memory cell and, in response to the read 
command, the control logic may turn on the Word line. 

Furthermore, in some embodiments the memory device 
includes a transistor coupled to the second bitline and proxi 
mate to the unused I/ O line. In these embodiments, the control 
logic may provide another gating signal to the transistor and, 
in response to the other gating signal, the transistor may drive 
the signal onto the unused I/O line. 

Additionally, in some embodiments the memory device 
includes another ampli?er coupled to the second bitline and 
proximate to the unused I/O line. In these embodiments, the 
control logic may provide another gating signal to the other 
ampli?er and, in response to the other gating signal, the other 
ampli?er may amplify the signal received via the second 
bitline and may drive the signal onto the unused I/ O line. 

Note that the memory device may include: dynamic ran 
dom access memory (DRAM) and/ or NOR ?ash. 

Moreover, prior to providing the activation signal, the con 
trol logic may provide a pre-charge signal to the sense ampli 
?er, thereby approximately Zeroing the output of the sense 
ampli?er. Note that a propagation time to route the signal 
from the sense ampli?er to the unused I/O line via the second 
bitline may be less than a pre-charge time associated With the 
pre-charge signal. 

Furthermore, the ?rst bitline and the second bitline may 
each include a logically complementary pair of bitlines, and 
the I/O line and the unused I/ O line may each include a pair of 
I/ O lines. 

Another embodiment provides a computer system that 
includes the memory device. 

Another embodiment provides a method for reading infor 
mation from the memory device in response to the read com 
mand. During this method, the memory device turns on the 
?rst isolation signal and turns off the second isolation signal, 

thereby coupling the sense ampli?er in the memory device 
to the given memory cell in the array of memory cells via the 
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?rst bitline. Note that the given memory cell stores the infor 
mation, and the memory cells in the array are coupled to the 
sense ampli?er by the ?rst bitline and the second bitline. The 
memory device also provides the activation signal to the sense 
ampli?er to develop the signal by amplifying the information. 
After the signal is developed, the memory device turns off the 
?rst isolation signal and turns on the second isolation signal, 
thereby coupling the output of the sense ampli?er to the 
unused I/ O line of the memory device via the second bitline, 
as opposed to the I/ O line of the memory device that is 
proximate to the sense ampli?er. Furthermore, the memory 
device provides the gating signal to the sense ampli?er, 
thereby outputting the signal on the unused I/ O line. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a block diagram illustrating an existing dynamic 
random-access-memory (DRAM). 

FIG. 2 is a block diagram illustrating a bitline sense ampli 
?er in accordance With an embodiment of the present disclo 
sure. 

FIG. 3A is a block diagram illustrating a memory device in 
accordance With an embodiment of the present disclosure. 

FIG. 3B is a block diagram illustrating a memory device in 
accordance With an embodiment of the present disclosure. 

FIG. 4 is a block diagram of a computer system that 
includes the memory device of FIG. 3A or 3B in accordance 
With an embodiment of the present disclosure. 

FIG. 5 is a How chart illustrating a method for reading 
information from the memory device of FIG. 3A or 3B in 
response to the read command in accordance With an embodi 
ment of the present disclosure. 

Note that like reference numerals refer to corresponding 
parts throughout the draWings. Moreover, multiple instances 
of the same part are designated by a common pre?x separated 
from an instance number by a dash. 

DETAILED DESCRIPTION 

Embodiments of a memory device, a computer system that 
includes the memory device, and a method for reading infor 
mation from the memory device are described. In the memory 
device, control logic routes data signals from a memory array 
using inactive bitlines in response to a read command. These 
data signals are then placed on an adjacent unused input/ 
output (I/O) line or routing channel (as opposed to a proxi 
mate I/O line that is in use). For example, unused bitlines 
located on the top and bottom of the memory array may be 
used to route data signals to adjacent local I/O lines. In par 
ticular, the data signals can be placed on unused local I/O 
lines Which are associated With adjacent bitline sense ampli 
?ers. 

In this Way, this technique for reading information 
increases the number of data signals that can be accessed in 
memory devices (i.e., the communication bandWidth is 
increased), such as dynamic random access memory 
(DRAM). Moreover, the technique for reading information 
can remove the constraint on the internal communication 

bandWidth of the memory arrays in these memory devices, 
Which is a result of a limited number of local I/O lines. 
Furthermore, this problem can be solved Without appreciably 
increasing the chip siZe, poWer consumption, page siZe or 
cost, so that the resulting memory devices can still be used in 
a Wide variety of applications, such as computing. 
We noW describe embodiments of the memory device. 

FIG. 1 presents a block diagram illustrating an existing 
DRAM 100. This memory includes: memory cells (such as 
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4 
memory cell 106) arranged in memory arrays A and B 110 
(Which store information or data), roW drivers 112 at the edge 
of memory arrays A and B 110, bitline sense ampli?ers 114 in 
betWeen memory arrays A and B 110, and local I/ O lines 116 
placed Within the sense-ampli?er stripe. 

This simpli?ed schematic of a memory device also illus 
trates the limited number of local I/O lines 116 available to 
memory arraysA and B 110. In the present disclosure, unused 
bitlines are used to route data from memory B 110-2 through 
memory array A 110-1 to local I/O lines 116-1 found on the 
left-hand side of memory 100. Alternatively, unused bitlines 
may be used to route data from memory A 110-1 through 
memory array B 110-2 to local I/O lines 116-2 found on the 
right-hand side of memory 100. (In the discussion that fol 
loWs, the former embodiment is used as an illustrative 
example.) In order to perform these operations, bitline sense 
ampli?ers 114 are slightly modi?ed into bitline sense ampli 
?ers 314 (FIGS. 3A and 3B). 
An example of such a bitline sense ampli?er 200 is shoWn 

in FIG. 2. This sense ampli?er is used to sense the data from 
memory array B 110-2 (FIG. 1). In particular, in response to 
a read signal (and a read address), control logic 310 in FIG. 3 
(such as the roW-path control logic) may generate control 
signals (such as isolation, pre-charge or equilibrate, activa 
tion and gating signals) that are sent to sense ampli?ers 200 
(and, more generally, to bitline sense ampli?ers 314 in FIGS. 
3A and 3B). In a standard bitline sense ampli?er, only one 
isolation (ISO) signal can be asserted at any given time, 
thereby isolating the sense ampli?er from memory array A 
110-1 or memory array B 110-2 (FIG. 1). (Thus, at a given 
time, sense ampli?ers are typically read from right to left or 
from left to right, but not both.) HoWever, in the present 
disclosure control logic 310 (FIGS. 3A and 3B) has been 
modi?ed (relative to control logic 108 in FIG. 1) so that ISOb 
(for memory array B 110-2 in FIGS. 3A and 3B) is asserted or 
enabled to alloW data from memory array B 110-2 (FIGS. 3A 
and 3B) to be placed on sense ampli?er 200, and ISOa (for 
memory array A 110-1 in FIGS. 3A and 3B) is disabled. 

Then, control logic 310 (FIGS. 3A and 3B) provides the 
activation signals PSA and NSA, Which ?re sense ampli?er 
200. Furthermore, When fully 

developed, control logic 310 (FIGS. 3A and 3B) provides 
the gating signal CSL, and the sensed data signal output by 
sense ampli?er 200 is placed on bitlines 212 (Which can 
include a single bitline or a logically complementary pair of 
bitlines). 

After the sense ampli?cation has taken place (and before 
CSL is provided), control logic 310 (FIGS. 3A and 3B) 
enables ISOa and disables ISOb. Note that a delayed version 
of ISOb can be used to implement the enabled ISOa signal. In 
the process, the sensed data signal is sent from bit_b 212-1 to 
bit_a 210-1 (as Well as /bit_b 212-2 to /bit_a 210-2). This 
takes the data from memory array B 110-2 (FIGS. 3A and 3B) 
and routes it through the unused bitlines in memory array A 
110-1 (FIGS. 3A and 3B) toWard unused local I/O lines 116-1 
on the other side of memory array A 110-1 (on the left-hand 
side ofFIGS. 3A and 3B), as opposed to one or more local I/O 
lines 116-2 (FIGS. 3A and 3B) that are proximate to sense 
ampli?er 200. 
As shoWn in FIG. 3A, Which presents a block diagram 

illustrating memory device 300 (such as DRAM and/ or NOR 
?ash), I/O transistors 312 couple unused bitlines (such as 
bitlines 210 in FIG. 2) to the unused local I/O lines 116-1. 

These I/ O transistors 3 12 may be gated by additional gating 
signals provided by control logic 310. When control logic 310 
provides the additional gating signal to a given I/ O transistor, 
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this I/O transistor may drive the sensed data signal onto the 
unused local I/O line(s) 116-1. 

Note that these additional I/O transistors can be placed in 
the bitline sense-ampli?er stripe. This alloWs the data to be 
passed betWeen memory arrays 110 to the unused local I/O 
lines 116-1, effectively doubling the number of I/O lines 
available to read/Write data out of memory array B 110-2. 
Furthermore, note that, by using adjacent unused local I/O 
lines, memory device 300 does not use additional local I/O 
lines or sectioning of memory arrays 110 to increase the 
internal communication bandWidth. Thus, this technique for 
reading information can route large amounts of data out of 
memory arrays 110 Without increasing the chip siZe, poWer 
consumption or cost. 

In some embodiments, transistors 312 may be replaced 
With ampli?ers. This is shoWn in FIG. 3B, Which presents a 
block diagram illustrating memory device 350 that includes 
ampli?ers 360. In particular, in response to an additional 
gating signal provided by control logic 310, these ampli?ers 
may amplify the sensed data signal on the inactive bitlines 
(such as bitlines 210 in FIG. 2) and may output it onto the 
unused local I/O lines 116-1. 

While not described previously, control logic 310 may 
perform additional functions. For example, memory device 
300 may include a Word line coupled to the memory cells in 
one of memory arrays 110. This Word line may select the 
given memory cell (such as one of 256 memory cells) and, in 
response to the read command, control logic 310 may turn on 
the Word line. Furthermore, prior to or after asserting ISOb, 
control logic 310 may provide pre-charge signal EQ to an 
appropriate one of sense ampli?ers 314. While EQ is asserted, 
bitlines (such as bitlines 212 in FIG. 2) may be shorted and the 
inputs to this sense ampli?er may be coupled to Vdd/2 in 
order to pre-charge this sense ampli?er, thereby Zeroing its 
output. 

Note that one challenge associated With this technique for 
reading information is hiding the aforementioned routing 
operation from the pre-charge cycle (i.e., While EQ is 
asserted). This can be accomplished by using proper timing. 
In particular, When using bitlines 210 (FIG. 2) for a current 
read command, bitlines 212 (FIG. 2) cannot be used for 
another read command. To ensure this condition is met, a 
pre-charge time associated With the EQ signal for an appro 
priate one of sense ampli?ers 314 (Which is to be used in 
conjunction With the other read command) may be longer 
than a propagation time to route the sensed data signal from 
the sense ampli?er (Which is being used in conjunction With 
the current read command) to the unused local I/O line(s) 
116-1. 
We noW describe embodiments of a computer system that 

includes an embodiment of memory devices 300 (FIG. 3A) or 
350. FIG. 4 presents a block diagram of a computer system 
400 that includes memory device 410. More generally, 
embodiments of the memory device may be used in a variety 
of applications, including: VLSI circuits, communication 
systems, storage area netWorks, data centers, netWorks (such 
as local area networks), memory components (such as those 
that include a high I/O count), memory systems, and/ or com 
puter systems (such as multiple-core processor computer sys 
tems, computer systems that include components that com 
municate via capacitive proximity communication, computer 
systems that include components that communicate via opti 
cal proximity communication, etc.). Note that computer sys 
tem 400 may include, but is not limited to: a server, a laptop 
computer, a communication device or system, a personal 
computer, a Work station, a mainframe computer, a blade, an 
enterprise computer, a data center, a portable-computing 
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6 
device, a supercomputer, a netWork-attached-storage (NAS) 
system, a storage-area-netWork (SAN) system, and/or 
another electronic computing device. Moreover, note that a 
given computer system may be at one location or may be 
distributed over multiple, geographically dispersed locations. 

Bitline sense ampli?er 200 (FIG. 2), memory device 300 
(FIG. 3A), memory device 350 (FIG. 3B), and/or computer 
system 400 may include feWer components or additional 
components. Although these embodiments are illustrated as 
having a number of discrete items, these circuits and devices 
are intended to be functional descriptions of the various fea 
tures that may be present rather than structural schematics of 
the embodiments described herein. Consequently, in these 
embodiments tWo or more components may be combined into 
a single component, and/ or a position of one or more compo 

nents may be changed. Furthermore, note that circuits in these 
embodiments may be implemented using PMOS and/or 
NMOS, and signals may include digital signals that have 
approximately discrete values and/or analog signals that have 
continuous values. Thus, the control signals in FIGS. 3A and 
3B may be analog signals. 
We noW describe embodiments of a method. FIG. 5 pre 

sents a How chart illustrating a method 500 for reading infor 
mation from a memory device, such as memory device 300 
(FIG. 3A) or 350 (FIG. 3B). During this method, the memory 
device turns on a ?rst isolation signal and turns off a second 

isolation signal (operation 510), thereby coupling the sense 
ampli?er in the memory device to the given memory cell in an 
array of memory cells via a ?rst bitline. Note that the given 
memory cell stores the information, and the memory cells in 
the array are coupled to the sense ampli?er by the ?rst bitline 
and a second bitline. Moreover, the memory device provides 
the activation signal to the sense ampli?er to develop the 
signal by amplifying the information (operation 512). After 
the signal is developed, the memory device turns off the ?rst 
isolation signal and turns on the second isolation signal (op 
eration 514), thereby coupling the output of the sense ampli 
?er to the unused I/O line of the memory device via the second 
bitline, as opposed to the I/O line of the memory device that 
is proximate to the sense ampli?er. Furthermore, the memory 
device provides the gating signal to the sense ampli?er, 
thereby outputting the signal on the unused I/O line (opera 
tion 516). 

In some embodiments of method 500, there are additional 
or feWer operations. Moreover, the order of the operations 
may be changed, and/or tWo or more operations may be 
combined into a single operation. 

Note that the technique for reading information may be 
applied to DRAM that uses a so-called ‘open’ DRAM archi 
tecture or a so-called ‘folded’ architecture in Which multiple 
read (or Write) commands are processed concurrently. 
The foregoing description is intended to enable any person 

skilled in the art to make and use the disclosure, and is 
provided in the context of a particular application and its 
requirements. Moreover, the foregoing descriptions of 
embodiments of the present disclosure have been presented 
for purposes of illustration and description only. They are not 
intended to be exhaustive or to limit the present disclosure to 
the forms disclosed. Accordingly, many modi?cations and 
variations Will be apparent to practitioners skilled in the art, 
and the general principles de?ned herein may be applied to 
other embodiments and applications Without departing from 
the spirit and scope of the present disclosure. Additionally, the 
discussion of the preceding embodiments is not intended to 
limit the present disclosure. Thus, the present disclosure is not 
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intended to be limited to the embodiments shown, but is to be 
accorded the Widest scope consistent With the principles and 
features disclosed herein. 
What is claimed is: 
1. A memory device, comprising: 
an array of memory cells con?gured to store information; 
a ?rst bitline coupled to the memory cells in the array and 

a secondbitline coupled to the memory cells in the array; 
and 

a sense ampli?er coupled to the ?rst bitline and the second 
bitline, Wherein the sense ampli?er is con?gured: to 
receive the information stored in a given memory cell via 
one of the ?rst bitline and the second bitline; in response 
to an activation signal, to develop a signal by amplifying 
the information; and, in response to a gating signal, 
output the signal; 

control logic Which, in response to a read command, is 
con?gured to: 
turn on a ?rst isolation signal and turn off a second 

isolation signal, thereby coupling the sense ampli?er 
to the given memory cell via the ?rst bitline; 

provide the activation signal to the sense ampli?er to 
develop the signal; 

after the signal is developed, turn off the ?rst isolation 
signal and turn on the second isolation signal, thereby 
coupling an output of the sense ampli?er to an unused 
input/output (l/O) line of the memory device via the 
second bitline, as opposed to an I/O line of the 
memory device that is proximate to the sense ampli 
?er; and 

provide the gating signal to the sense ampli?er, thereby 
outputting the signal on the unused l/O line. 

2. The memory device of claim 1, Wherein the memory 
device further includes a Word line coupled to the memory 
cells in the array; 

Wherein the Word line is con?gured to select the given 
memory cell; and 

Wherein, in response to the read command, the control 
logic is con?gured to turn on the Word line. 

3. The memory device of claim 1, Wherein the memory 
device further includes a transistor coupled to the second 
bitline and proximate to the unused l/O line; 

Wherein the control logic is con?gured to provide another 
gating signal to the transistor; and 

Wherein, in response to the other gating signal, the transis 
tor is con?gured to drive the signal onto the unused l/O 
line. 

4. The memory device of claim 1, Wherein the memory 
device further includes another ampli?er coupled to the sec 
ond bitline and proximate to the unused l/O line; 

Wherein the control logic is con?gured to provide another 
gating signal to the other ampli?er; and 

Wherein, in response to the other gating signal, the other 
ampli?er is con?gured to amplify the signal received via 
the second bitline and to drive the signal onto the unused 
l/O line. 

5. The memory device of claim 1, Wherein the memory 
device includes dynamic random access memory (DRAM). 

6. The memory device of claim 1, Wherein the memory 
device includes NOR ?ash. 

7. The memory device of claim 1, Wherein, prior to pro 
viding the activation signal, the control logic is further con 
?gured to provide a pre-charge signal to the sense ampli?er, 
thereby approximately Zeroing the output of the sense ampli 
?er. 

8. The memory device of claim 7, Wherein a propagation 
time to route the signal from the sense ampli?er to the unused 
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8 
I/O line via the second bitline is less than a pre-charge time 
associated With the pre-charge signal. 

9. The memory device of claim 1, Wherein the ?rst bitline 
and the second bitline each include a logically complemen 
tary pair of bitlines; and 

Wherein the I/O line and the unused l/O line each include a 
pair of I/O lines. 

10. A computer system, comprising a memory device, 
Wherein the memory device includes: 

an array of memory cells con?gured to store information; 
a ?rst bitline coupled to the memory cells in the array and 

a second bitline coupled to the memory cells in the array; 
and 

a sense ampli?er coupled to the ?rst bitline and the second 
bitline, Wherein the sense ampli?er is con?gured: to 
receive the information stored in a given memory cell via 
one of the ?rst bitline and the second bitline; in response 
to an activation signal, to develop a signal by amplifying 
the information; and, in response to a gating signal, 
output the signal; 

control logic Which, in response to a read command, is 
con?gured to: 
turn on a ?rst isolation signal and turn off a second 

isolation signal, thereby coupling the sense ampli?er 
to the given memory cell via the ?rst bitline; 

provide the activation signal to the sense ampli?er to 
develop the signal; 

after the signal is developed, turn off the ?rst isolation 
signal and turn on the second isolation signal, thereby 
coupling an output of the sense ampli?er to an unused 
l/O line of the memory device via the second bitline, 
as opposed to an I/O line of the memory device that is 
proximate to the sense ampli?er; and 

provide the gating signal to the sense ampli?er, thereby 
outputting the signal on the unused l/O line. 

11. The computer system of claim 10, Wherein the memory 
device further includes a Word line coupled to the memory 
cells in the array; 

Wherein the Word line is con?gured to select the given 
memory cell; and 

Wherein, in response to the read command, the control 
logic is con?gured to turn on the Word line. 

12. The computer system of claim 10, Wherein the memory 
device further includes a transistor coupled to the second 
bitline and proximate to the unused l/O line; 

Wherein the control logic is con?gured to provide another 
gating signal to the transistor; and 

Wherein, in response to the other gating signal, the transis 
tor is con?gured to drive the signal onto the unused l/O 
line. 

13. The computer system of claim 10, Wherein the memory 
device further includes another ampli?er coupled to the sec 
ond bitline and proximate to the unused l/O line; 

Wherein the control logic is con?gured to provide another 
gating signal to the other ampli?er; and 

Wherein, in response to the other gating signal, the other 
ampli?er is con?gured to amplify the signal received via 
the second bitline and to drive the signal onto the unused 
l/O line. 

14. The computer system of claim 10, Wherein the memory 
device includes dynamic random access memory (DRAM). 

15. The computer system of claim 10, Wherein the memory 
device includes NOR ?ash. 

16. The computer system of claim 10, Wherein, prior to 
providing the activation signal, the control logic is further 
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con?gured to provide a pre-charge signal to the sense ampli 
?er, thereby approximately Zeroing the output of the sense 
ampli?er. 

17. The computer system of claim 16, Wherein a propaga 
tion time to route the signal from the sense ampli?er to the 
unused l/O line via the second bitline is less than a pre-charge 
time associated With the pre-charge signal. 

18. The computer system of claim 10, Wherein the ?rst 
bitline and the second bitline each include a logically comple 
mentary pair of bitlines; and 

Wherein the I/O line and the unused l/O line each include a 
pair of I/O lines. 

19. A method for reading information from a memory 
device in response to a read command, the method compris 
1ng: 

turning on a ?rst isolation signal and turning off a second 
isolation signal, thereby coupling a sense ampli?er in the 
memory device to a given memory cell in an array of 
memory cells via a ?rst bitline, Wherein the given 
memory cell stores the information, and Wherein 
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memory cells in the array are coupled to the sense ampli 
?er by the ?rst bitline and a second bitline; 

providing an activation signal to the sense ampli?er to 
develop a signal by amplifying the information; 

after the signal is developed, turning off the ?rst isolation 
signal and turning on the second isolation signal, thereby 
coupling an output of the sense ampli?er to an unused 
l/O line of the memory device via the second bitline, as 
opposed to an I/O line of the memory device that is 
proximate to the sense ampli?er; and 

providing a gating signal to the sense ampli?er, thereby 
outputting the signal on the unused l/O line. 

20. The method of claim 19, Wherein the memory device 
includes a transistor coupled to the second bitline and proxi 
mate to the unused l/O line; 

Wherein, in response to the other gating signal, the method 
further includes providing another gating signal to the 
transistor, thereby driving the signal onto the unused l/O 
line. 


