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FLOATING BODY MEMORY ARRAY

BACKGROUND

The present invention relates generally to memory and in particular to floating
body memory structures.

So-called floating body memory, ¢.g., floating body dynamic random access
memory (FB-DRAM) generally comprises an array of floating body memory cells. A
floating body cell is typically formed from a MOSFET (metal oxide semiconductor field
effect transistor) disposed atop an insulator such as with silicon on insulator (SOI) type
processes or bulk processed chips with separately added insulator areas. An FB cell uses
the so-called “history” effect where some of the charge conducted through a transistor
having a floating body is retained in the body like a capacitor. The amount of retained
charged is affected by different parameters such as the quality of the insulator insulating
the body, the amount of body field strength bias, and of course, the amount of charge
conducted through it, which is a function of the transistor’s threshold voltage, along with
the applied gate and drain/source voltages.

Figure 1a shows a portion of a conventional layout for a dynamic random access
memory (DRAM) array such as for a floating body cell DRAM. Illustrated are active
strips 102 (102A to 102C), bit line conductor strips 104 (104A to 104c), wordline
conductor strips 106 (106 to 106F), conductive source lines 108 (108A to 108C),
conductive traces 110 and vias 111, to accommodate transistor cells. The active areas 102
comprise the channel conduction terminals (sources, drains), along with the bodies, which
have at least a portion between the conduction terminals to form the channels when
suitably biased. (A portion of the body between the source and drain forms a channel to
conduct charge carriers between the source and drain when the gate is sufficiently biased.
If the gate is so biased and a sufficient potential is dropped across the channel, depending
on the direction of the potential, then a ‘1 or a ‘0 will be written into it. It should be
appreciated that as FETs are typically symmetrical devices, either of the channel
conduction terminals may be the source or drain, depending on how they are biased.)

For each transistor, a first channel conduction terminal (e.g., drain) is coupled to a
bit line 104 by way of a via 111 and conductor 110; a second channel conduction terminal

(e.g., source) is coupled to a source line 108; and the gate is coupled to a wordline
-1-
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conductor strip 106. In this layout, vertically adjacent transistors share common source
lines, and vertically aligned cells share a common bit line 104. Also in this depiction, the
source lines are coupled to a fixed supply reference (e.g., ground), while the bit lines and
wordlines are addressable.

With reference to Figure 1B, in this depiction, the FB cells use a relatively high bit
line (BL) bias to assert (e.g., write a data ‘1 into) or erase (write a data ‘0 into) a cell using
impact ionization. (Note that the terms: erase and assert are arbitrarily assigned ‘0 and 1,
respectively, and could be reversed.) In particular, if a selected cell is erased, then a -2.0 V
potential is dropped across the bit and source lines. Conversely, if a cell is to be asserted,
then a 2.0 V potential is dropped across the bit and source lines.

Figure 1B shows applied voltage levels for the channel conduction and gate
terminals, along with the body, of four neighboring transistors (T1 to T4) from Figure 1A.
(Note that the body is not directly coupled to a bias voltage but rather is exposed to a
corresponding field from the insulator, e.g., below it, which is biased and acts like a
capacitor.) During programming, selected cells to be programmed (word line selected, T2
and T4 in this figure) are programmed by the bit line, which causes either a positive or
negative 2.0 V potential to be dropped across the bit and source lines, depending,
respectively, on whether a ‘1 or ‘0 is to be programmed into the cell.

Unfortunately, with this configuration, cells such as T1 and T3 that are vertically
aligned with and neighbor a selected cell also have their channels exposed to write
potentials of -2.0 or 2.0 V. Due to the effects of gate induced drain leakage (GIDL), this
can cause their data to be flipped or otherwise lost, even though their gates are not
selected.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings in which like reference
numerals refer to similar elements.

Figure 1A is a diagram of a portion of a conventional floating body memory array.

Figure 1B shows voltage levels for neighboring transistors during a programming
phase for the memory array of Figure 1A.

Figure 2A is a portion of a floating body memory array in accordance with some

embodiments.
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Figure 2B shows voltage levels for neighboring transistors during an erase phase
for the memory array of Figure 2A.

Figure 2C shows voltage levels for neighboring transistors during a programming
phase for the memory array of Figures 2A and 2B.

Figure 3 is a portion of a floating body memory array in accordance with some
other embodiments.

Figure 4 is a block diagram of a computer system with floating body memory in
accordance with some embodiments.

DETAILED DESCRIPTION

In accordance with some embodiments, provided herein are layouts (e.g., layouts
for DRAM cell arrays)that allow for programming a selected cell using a sufficient
channel potential drop (e.g., in excess of 1.5 V with typical transistor parameters used
today). At the same time, neighboring transistor cells are not subjected to excessively
detrimental channel potential drops, ¢.g., that are large enough to cause data to be
corrupted or require unreasonably increased refresh rates.

Figure 2A shows a portion of a layout for an FB cell array in accordance with
some embodiments. This layout is similar to that of Figure 1A, except for several
differences. First, it employs an additional bit line conductor 204 for each active strip 102,
which allows for transistors having a common source line and neighboring wordlines (e.g.,
transistors T1, T2 with common source line 208A and neighboring wordlines 206A, 206B)
to have different bit lines 204 (e.g., 204A, 204B for transistors T1 and T2). This allows
for neighboring transistors with a common source line to be biased at different channel
potential drops.

(Note that in other embodiments, for example, the same result could be achieved
by using separate source lines with a common bit line for neighboring transistor pairs, as is
illustrated in Figure 3. That is, to obtain appropriate impact ionization, additional source
and/or bit lines can be used to write to one or more selected cells using a sufficient channel
voltage drop without having to apply the same drop on unselected cells. Moreover, the
voltage direction is typically not limiting. A sufficient channel potential drop is required
for impact ionization, but it generally doesn’t matter which channel terminal is higher. Of
course this can be affected based on, for example, whether the FET is a P or an N channel

FET, as well as on the FET’s threshold voltage.)
-3-
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With the depicted embodiment, wordline pairs (e.g., 206A, 206B) sharing a
common source line may be coupled together using a conductor 213. For example, in the
depicted embodiment, wordline conductors 206A, 206B are coupled together with a
conductor 213A. this may be more efficient for implementing, for example, a write erase
operation, e.g., where ‘0s are written to each cell in the array (discussed below with
respect to Figure 2B). Also, with this embodiment, the source lines are not coupled to a
fixed reference but rather are separately addressable. In this way, sufficient impact
ionization voltages can be attained for a selected cell without having to impose the same
channel potential drop on other cells on the same bit line.

In accordance with some embodiments, data is programmed pursuant to a 2-cycle
write process. During the first cycle, all of the cells in a word line are erased (i.c.,
programmed with a ‘0). Next, during the second cycle, cells that are to store a ‘1 are
asserted, i.e., programmed with a ‘1. This may serve to provide for more stable data
writing and storage. The coupled together neighboring word lines of Figure 2A can
provide for more efficient erase operations, pursuant to this process, allowing for twice as
many rows to be erased per erase cycle.

Figure 2B shows voltage levels for a low-disturb program erase operation. With
their word lines selected, T3 and T4 are to be erased. A 1V potential is applied to all of
the bit lines, while a 1V potential is applied to selected word lines and a -1.0 V potential is
applied to selected source lines. For the unselected cells (T1, T2), -1 V is applied to the
word lines and 0.7 V is applied to the source lines. In this way, a -2.0 potential is dropped
between source and bit lines for selected cells to erase them, but only a -0.3 V potential is
dropped between the source and drain lines of unselected cells, which is reasonable for
low disturbance. With this approach, a cell to be erased still receives a high channel
potential drop (-2 V as with the example of Figure 1A) to implement impact ionization.
However, the other drops ARE spread out so that the worst case disturbance conditions
can be reduced. (Note that with this example, the negative erase potential is dropped from
the source to bit lines and not from the bit to source lines, as was the case in Figure 1B.)

Figure 2C shows voltage levels for a write-assert (write ‘1) cycle of a 2-cycle
erase-assert program operation. In this example, T4 and T3 are selected for writing, with
their word lines at 1 V and source lines at 2 V. With their word lines at -1 V and source

lines at 0.7 V, T1 and T2 are not selected. In this example, assume that a ‘1 was to be
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programmed into T4 and a ‘0 was to be programmed into T3. Accordingly, the bit line for
T1, T4 is at OV, while the bit line for T2 and T3 is at 1V. This results in a positive 2V
drop applied from the source to bit line of T4, causing a ‘1 to be written into it. On the
other hand, with only 1V applied from the source to bit line of T3, it is unchanged, i.c., the
1V SL-BL drop is not enough to overwrite the ‘0 from the -2V drop that was imposed
during the erase cycle.

With reference to Figure 4, one example of a computer system is shown. The
depicted system generally comprises a processor 402 that is coupled to a power supply
404, a wireless interface 408, and memory 406. It is coupled to the power supply 404 to
receive from it power when in operation. The wireless interface 408 is coupled to an
antenna 409 to communicatively link the processor through the wireless interface chip 408
to a wireless network (not shown). The microprocessor 402 comprises one or more
embedded FB cell arrays to implement, for example, cache memory in the processor.

It should be noted that the depicted system could be implemented in different
forms. That is, it could be implemented in a single chip module, a circuit board, or a
chassis having multiple circuit boards. Similarly, it could constitute one or more complete
computers or alternatively, it could constitute a component useful within a computing
System.

The invention is not limited to the embodiments described, but can be practiced
with modification and alteration within the spirit and scope of the appended claims. For
example, embodiments of the invention cover multi-gated cells, as well as single-gated
cells. As an example, with dual-gated cells, e.g., with front and rear gates to control
charge storage parameters of a body, the layouts of Figures 2 and 3 could be used with the
front gate coupled to a wordline. As another example, while impact ionization was used to
illustrate a programming technique, other programming techniques such as GIDL
programming could also be implemented and are within the scope of the invention. In
addition, it should be appreciated that the present invention is applicable for use with all
types of semiconductor integrated circuit (“IC”) chips. Examples of these IC chips
include but are not limited to processors, controllers, chip set components, programmable
logic arrays (PLA), memory chips, network chips, and the like.

Moreover, it should be appreciated that example sizes/models/values/ranges may

have been given, although the present invention is not limited to the same. As
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manufacturing techniques (e.g., photolithography) mature over time, it is expected that
devices of smaller size could be manufactured. In addition, well known power/ground
connections to IC chips and other components may or may not be shown within the FIGS.
for simplicity of illustration and discussion, and so as not to obscure the invention.
Further, arrangements may be shown in block diagram form in order to avoid obscuring
the invention, and also in view of the fact that specifics with respect to implementation of
such block diagram arrangements are highly dependent upon the platform within which
the present invention is to be implemented, i.¢., such specifics should be well within
purview of one skilled in the art. Where specific details (e.g., circuits) are set forth in order
to describe example embodiments of the invention, it should be apparent to one skilled in
the art that the invention can be practiced without, or with variation of, these specific

details. The description is thus to be regarded as illustrative instead of limiting.
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CLAIMS

What is claimed is:
1. A chip, comprising:

an array of floating body cells each having a channel and a gate to control
conduction in the channel, the array comprising conductive signal lines to controllably
apply an impact ionization potential across a selected cell’s channel without applying said
impact ionization potential to unselected cells.
2. The chip of claim 1, in which the conductive signal lines comprise bit lines coupled to
sources of the cells and source lines coupled to drains in the cells, the bit and source lines
being separately selectably coupleable to two or more different voltage levels.
3. The chip of claim 2, in which adjacent pairs of cells share a common source line but
have different bit lines.
4. The chip of claim 3, in which the adjacent pairs of cells share a common wordline
coupled to their gates.
5. The chip of claim 2, in which adjacent pairs of cells share a common bit line but have
different source lines.
6. The chip of claim 5, in which the adjacent pairs of cells share a common wordline
coupled to their gates.
7. The chip of claim 1, in which the impact ionization potential is in excess of 1.5 V.
8. The chip of claim 1, in which each cell has two or more gates.
9. The chip of claim 1, in which the cells are arranged into rows and columns with cells in
a common column sharing a common source and wordline but adjacent cells in said
common column having different bit lines.
10. A memory, comprising:

a plurality of floating body cells arranged in rows and columns and each having a
gate and a channel;

a set of first conductors coupled to channels of cells in pairs of adjacent rows; and

a set of second conductors each coupled to channels of alternating cells in a
common column, wherein a potential, sufficient to write a value, can be applied accross a
selected channel without imposing said potential to unselected channels.
11. The memory of claim 10, in which the set of first conductors are coupled to cell

sources, and the set of second conductors are coupled to cell drains.
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12. The memory of claim 10, in which the set of first conductors are coupled to cell
drains, and the set of second conductors are coupled to cell sources.

13. The memory of claim 10, in which cach cell has two or more gates.

14. The memory of claim 10, comprising a set of third conductors each coupled to gates
of cells in a common row.

15. The memory of claim 10, in which the potential sufficient for writing a value is in
excess of 1.5 V.

16. A system, comprising:

(a) a microprocessor comprising a an array of floating body
cells each having a channel and a gate to control conduction in the channel,
the array comprising conductive signal lines to controllably apply an
impact ionization potential across a selected cell’s channel without
applying said impact ionization potential to unselected cells;

(b) an antenna; and
() a wireless interface coupled to the microprocessor and to the
antenna to communicatively link the microprocessor to a wireless network.
17. The system of claim 16, in which the conductive signal lines comprise bit lines
coupled to drains of the cells and source lines coupled to sources in the cells, the bit and
source lines being separately selectably coupleable to two or more different voltage levels.
18. The system of claim 17, in which adjacent pairs of cells share a common source line
but have different bit lines.
19. The system of claim 18, in which the adjacent pairs of cells share a common wordline
coupled to their gates.
20. The system of claim 17, in which adjacent pairs of cells share a common bit line but
have different source lines.
21. A method, comprising:
writing data into a line of floating body cells, the act of writing comprising first
writing a ‘0 into all cells in the line and then writing a ‘1 into selected cells within the line.
22. The act of claim 21, in which a negative impact ionization voltage is applied from
source to bit lines of the line of cells when the ‘0 is written into the cells, and a positive
impact ionization voltage is applied from the source to bit lines of the line of cells when a

‘1 is written into the selected cells.
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