USOORE36319E
United States Patent .9 111] E Patent Number: Re. 36,319
Slemmer [45] Reissued Date of Patent: Sep. 28, 1999
[54] STRUCTURE FOR DESELECTIVE BROKEN FOREIGN PATENT DOCUMENTS

SELECT LINES IN MEMORY ARRAYS

41 32 116 Al G11C 9/00

9/1992  Germany

[75] Inventor: William C. Slemmer, Dallas, Tex. OTHER PUBLICATIONS
[73] Assignee: STMicroelectronics, Inc., Carrollton, Patent Abstracts of Japan, vol. 009, No. 141 (p. 364), Jun.
Tex. 15, 1995, JP 60 020397A (Toshiba KK).
“Simplified Static Column Decoder for CMOS Memory Bit
21]  Appl. No.: 08/966,042 zm-f]itchels;’ggBM Tc;c;hllgcéaz{)lisclosure Bulletin, vol. 29, No.
, Jan. , PP. — _
22| Filed: Nov. 7, 1997
o ’ Primary Examiner—Son T. Dinh
Related U.S. Patent Documents Attorney, Agent, or Firm—Allen, Dyer, Doppelt, Milbrath &
Reissue of Gilchrist, P.A.
[64] Patent No.: 5,465,233 [57] ABSTRACT
Issued: Nov. 7, 1995
Appl. No.: 08/069,025 According to the present invention, a structure for holding
Filed: May 28, 1993 broken select lines 1n a memory array deselected addresses
- 5 the prior art problems associated with floating broken select
:51: Int. CL° ., e GI‘IC 7/00 lines, such as standby current and disruption of attached
:52: U-.S. Clo o, 365/200; 365/63; 365/72 memory cells. The structure is a high impedance device
58] Field of Search ............................. 365/200, 230.01, which is placed on the end of select lines so that if a select
365/189.006, 63, 72, 189.11, 230.06, 149 line 1s broken during fabrication, the high impedance device,
(561 Ref Cited will hold the broken end of the select line to the desired
eferences Cite * - -
deselect voltage. Select lines which have a driver at one end
US PATENT DOCUMENTS f)nly and are b'roken during fabrication, but have the high
impedance device on the other end, are not allowed to float.
4,368,523 1/ 1983 Kawate . The high impedance device 1s also suitable for select lines
jﬂ?ﬂff‘ggg 1;/ ggg E’Ebe etal. o 365/230.01 which are not broken and previously were anchored at just
4 760,559 7?988 Hi;;(ga of al 365/189.11 one end. Suitable high impedance devices include a reverse
4905194  2/1990 Otsuka et al. .. 365/230.06  012sed diode, a weak transistor, a poly R memory cell load
SA11,435  5/1992 MIyamoto ...mvveroreveenn. 365/230.06  device, and an ON or OFF THT memory cell load device.
5,146,529 9/1992 Kawai et al. .
5,161,121 11/1992 Cho .evevrvveiriiiieeirrcereveeeeen, 365/189.06 18 Claims, 2 Drawing Sheets
70
\
12 74 761 78
- / E
: ;
i | Wewory] | 96
CELL
98 a0
5
" ;
= m !
96 | |MEMORY 96
CELL
B 8 84 34
N 2
92 9 90 96
R TS
" 96 __MEMORYI 96
CELL
98




U.S. Patent Sep. 28, 1999 Sheet 1 of 2 Re. 36,319

10\ 12 14 16| 18
_ e [
s | || 2
< 20
7 8 |
— (34 22 24
AN
32 3 I 30

FIG. 1
(PRIOR ART)

)
)
BN
\

47

rlG. 2
(PRIOR ART)



U.S. Patent

Sep. 28, 1999

FiG. 3

Sheet 2 of 2

,éﬁ
l1 51
MEMORY 06

983

CELL
08
| -
88
VENORY %6
CELL
08 -
A
90
| [VewoRY] | 96
CELL

Re. 36,319

80

96

34

96



Re. 36,319

1

STRUCTURE FOR DESELECTIVE BROKEN
SELECT LINES IN MEMORY ARRAYS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates generally to 1ntegrated cir-
cuit memory devices, and more speciiically to a structure for
deselecting broken select lines 1n memory arrays.

2. Description of the Prior Art

Many memory devices with a redundancy scheme have
broken select lines 1n the memory array. Memory devices
that commonly employ broken select lines include static
random access memories (SRAMs), erasable programmable
read only memories (EPROMSs), electrically erasable read
only memories (EEPROMs), Flash EEPROMs, and other
speclalty memory devices such as tag RAMs and
Zeropower® devices. A recent trend 1n the memory device
field 1s to use more redundancy as the density of such
devices increases As the density of memory devices having
broken select lines increases, problems associate with these
broken select lines increase as well.

In SRAM technology, the select lines for a memory array
are connected to a large number of memory cells, or local
row decoders, 1n the array. Typical select lies may include a
row line, a master row line, a word line, or an X-Line. These
lines select, 1n a parallel fashion, the memory cells or local
row decoder necessary to access a particular portion of the
memory array. When that portion of the memory ray 1s not
to be selected, the select lines are held 1n a deselect state to
disable all connected cells or local row decoders.

In the DRAM prior art, word-select lines perform the
same function as outlined above. Word lines are held at a
low logic level at both ends by devices, often called holding
devices, which are capable of maintaining this low logic
level on unselected word lines in the presence of strong
capacitive coupling from a selected word line and from bit
lines—half or more of which have positive-going transitions
during the cycle. DRAM row lines are high impedance such
that a holding transistor placed on one end of the row line 1s
not sufficient to hold the entire length of the row line 1n a
deselected state. A [quite] quietr word flip-flop or other
deselect scheme 1s often used to provide clamping means
which prevent bouncing of word lines or row lines. Later
improvements 1 the development of DRAMSs provided
precharge, such as V__ /2, that balances this coupling for
selection, separation and equilibration of bit lines to the
word lines, thus making holding devices less important.

In contrast, traditionally the number of SRAM bit lines
driven during any given cycle i1s small, so that problems are
not encountered with coupling of these bit lines to the word
lines 1 the memory array. Thus, select lines have been held
deselected at one end only, and holding devices have not
been needed on both ends of a SRAM select line. However,
there can be a problem with sections of broken select lines
in the memory array. When the array 1s repaired by substi-
tuting spare or redundant elements for broken select lines,
the end of each of these broken select lines near the driver
1s held deselected, but the far end of a broken select line may
not be held deselected and may float. Floating broken select
lines may drift in a positive direction, causing high standby
current, and, 1n extreme cases, may produce enough bit line
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current from connected cells to disrupt the operation of some
of the conned bit lines. Unlike the DRAM, however, there 1s
no strong coupling which drives these lines positive.

Therefore, 1t would be desirable 1n the art to prevent the
charging of floating select lines 1n memory arrays with little
or no adverse effect on the speed or selection of select lines.
Prevention of high standby current or bitline current is
especially desirable as memory devices become more dense
and use more redundancy.

SUMMARY OF THE INVENTION

Therefore, according to the present invention, a structure
for holding broken select lines in a memory array deselected
addresses the prior art problems associated with floating
broken select lines, such as standby current and disruption of
attached memory cells. The structure 1s a high impedance
device which 1s placed on the end of select lines so that if a
select line 1s broken during fabrication, the high impedance
device will hold the broken end of the select line to the
desired deselect voltage. Select lines which have a driver at
one end only and arc broken during fabrication, but have the
high impedance device on the other end, are not allowed to
float. The high impedance device 1s also suitable for select
lines which are not broken and previously were anchored at
just one end. Suitable high impedance devices include a
reverse biased diode, a weak transistor, a poly R memory

cell load device, and an ON or OFF TFT memory cell load
device.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention
are set forth 1n the appended claims. The invention itself,
however, as well as a preferred mode of use, and further
objects and advantages thereof, will best be understood by
reference to the following detailed description of an 1llus-
frative embodiment when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 1s a schematic diagram of select lines 1n a portion
of a memory array according to the prior art;

FIG. 2 is a schematic diagram of a [quite] quier word flip
flop mm a portion of a dynamic random access memory
(DRAM) array according to the prior art; and

FIG. 3 1s a schematic of select lines 1n a portion of a
memory array according to a preferred embodiment of the
present 1vention.

DESCRIPTION OF THE INVENTION

In SRAM technology, select lines 1n a memory array are
connected to a large number of memory cells, or local row
decodes, 1n the array. Typical select lines may be a row line,
a master row line, a word line, or an X-Line. These lines
select, 1n a parallel fashion, the memory cells or local row
decoders necessary to access a particular portion of the
memory array. When that portion of the memory array 1s not
to be selected, the select lines are held 1n a deselect state to
disable all connected cells or local row decoders.

Referring to FIG. 1, a schematic diagram of select lines 1n
a portion of a memory array 10 according to the prior art 1s
shown. Master row decode logic block 12 1s connected to
local row decode logic blocks 14 and 16 through master row
select lines 18, 20, and 22, which are 1n turn connected to
one or more local row decode logic and driver circuitry 34
inside local row decode logic blocks 14 and 16 as shown.
Master row select lines 18, 20, and 22 are held deselected at
the end connected to the master row decode logic block 12
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by a driver 1nside master row decode logic 12. However,
broken master row select line 24, which was mtended to be
deselected by deselecting master row select line 22 and
substituting a spare or redundant element, 1s left floating. A
floating select line, such as broken master row select line 24,
1s undesirable, because it may float to the selected state
causing high standby current. In extreme cases, a floating
broken select line may produce enough bit line current to
disrupt operation of the memory array.

Also shown 1n FIG. 1 are word select lines 25, 26, 27, 28,
30, 31 and 32. Word lines 25, 26, 27, 28, 30 and 31 are each
held deselected at one end by local word line decoder logic
and driver circuitry 34 in a an similar to how master row
select lines 18, 20, 22 are held deselected. Floating broken
word select line 32 1s analogous to floating broken master
row select line 24. It too may have been deselected and
replaced by a spare or redundant element to repair the
memory array. Like broken master row select line 24, broken
word select line 32 may cause standby current problems or
interfere with the operation of the memory array.

In the DRAM prior art, word select lines are held at a low
logic level at both ends by devices, often called holding
devices, which are capable of maintaining this low logic
level on unselected word lines 1n the presence of strong
capacifive coupling from a selected word line and from bit
lines—half or more of which have positive-going transitions
during the cycle. DRAM row lines have high impedance
such that a holding transistor placed on one end of the row
line 1s not sufficient to hold the entire length of the row line
in a deselected state. A [quite] quier word flip-flop or other
deselect scheme 1s often used to provide clamping means
which prevent bouncing of word lines or row lines.

Referring to FIG. 2, a schematic diagram 40 of a [quite]
quiet word flip flop 1n a portion of a DRAM array according
to the prior art 1s shown. Row decode logic block 42 contains
row decode logic and driver circuitry 44 which functions to
hold deselected one end of word lines 46, 48, 50, 52, 54, and
56. [Quite] Quier word flip-flop circuitry 62 is comprised of
inverter 38 and transistor 60, and provides clamping means
which prevent the bouncing of word lines to which they are
attached. When row decode logic and driver circuitry 44
drives low, [quiet] quiet word flip-flop circuitry 62 ensures
that the end of the word line opposite row decode logic and
driver circuitry 44 1s also hold low. When row decode logic
and driver circuitry 44 drives high, the trip point of mverter
58 1s passed. The output signal of inverter 538 1s connected
back to the gate of transistor 60, causing transistor 60 to turn
off. As 1s well known 1n the art the inverter function provided
by imverter 38 could also be provided by two transistors
properly connected.

While the [quite] quiet word flip-flop 62 of FIG. 2 is an
elfective solution to bouncing word lines in DRAMSs, broken
select lines in SRAMSs beg a different approach To prevent
the charging of tloating select lines, a high impedance device
can be placed at the floating end of the select lines. A variety
of devices, including a weak transistor, a poly R memory
cell load device, an ON or OFF thin film technology (TFT)
memory cell load device, and a reverse biased diode, maybe
sufficient to hold the floating end of a broken select line
deselected. A reverse biased diode may be used because the
charging currents in an SRAM memory array are very small.
The choice or either an ON or OFF TFT memory cell load
device depends on the parasitic coupling present; an ON
TFT memory cell load device may be more attractive when
more parasitic coupling 1s present and an OFF TFT memory
cell load device may be more attractive when there 1s less
parasitic coupling. In each case, the high impedance device
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should leak charge, pulling the floating line toward the
deselect voltage, but have enough impedance to have little
or no elffect on the speed or level of selection on normal
select lines.

This high impedance device may also be suitable on
normal select lines where the voltage level of the select line
1s boosted and subjected to discharge, without the need to
use the [quite] quier word flip-flop deselect clamping
scheme employed in DRAMS.

Referring to FIG. 3, a schematic diagram of select lines 1n
a portion of a memory array 70 according to the present
invention 1s shown. Memory cells 98 are connected to select
lines 86, 88, and 90 as shown. In order to prevent the ends

of master row select lines 78, 80, 84 and word select lines
85, 86, 87, 88, 90, and 92 from floating, high 1mpedance

reverse biased diodes 96 are placed at the ends of these
select lines. The high 1impedance reverse biased diodes 96

present on broken master row select line 84 and broken word
select line 92 ensure that these broken select lines can be
held deselected and will not randomly float. Additionally,
high impedance reverse biased diodes 96 help to hold both

ends of master row select lines 78, 80 and word select lines
85, 86, 87, 88, and 90 to the desired deselect voltage.

Reverse biased diodes 96 are used because the currents
required for charging up the select lines 1s very small. The
impedance of reverse biased diodes 96 1s carefully chosen to
ensure the presence of leakage charge, which pulls the
floating select lines toward the proper deselect voltage level,
but with a high enough 1mpedance value so as to have little
or no elfect on the speed or level of selection on normal
select lines.

Many memory devices employ broken select lines 1n their
memory arrays, including SRAMs, EPROMs, EEPROMs,
and Flash EEPROMS. A structure for holding broken select
lines 1n a memory array deselected has been shown. The use
of such a structure addresses the prior art problems associ-
ated with floating broken select lines, such as standby
current and disruption of the memory array. The structure 1s
a high impedance device which 1s placed on select lines at
the end of the select lines opposite the driver. Should a select
line be broken and separated from the driver, the high
impedance device holds the end opposite the driver to the
desired deselect voltage. The high impedance device 1s also
suitable for select lines which are not broken and previously
were anchored at just one end. Suitable high impedance
devices include a reverse biased diode, a weak transistor, a

poly R memory cell load device, and an ON or OFF TFT
memory cell load device.

While the invention has been particularly shown and
described with reference to a preferred embodiment, 1t will
be understood by those skilled 1n the art that various changes
In form and detaill may be made therein without departing
from the spirit and scope of the imvention.

What 1s claimed 1s:

1. Memory array circuitry for selecting a portion of a
MEmory array, Comprising:

a plurality of memory cells;

a plurality of select lines which select a portion of the
memory cells 1n the memory array when set to a select
voltage level and which deselect a portion of the
memory array when set to a deselect voltage level, each
select line having a first end and a second end, with the
first end of a select line connected to a driver; and

a plurality of high impedance reverse biased diodes, with
a reverse biased diode connected to the second end of
the select line which holds the select line to the deselect
voltage level 1if the select line 1s broken.
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2. The circuitry of claim 1, wherein the select line 1s a
master row line.

3. The circuitry of claim 1, wherein the select line 1s a
word line.

4. The circuitry of claim 1, wherein the high impedance
reverse biased diode leaks charge, thereby pulling the select
line, to which 1t 1s connected, to the deselect voltage level.

5. Memory array circuitry for selecting a portion of a
Memory array, comprising:

a plurality of local row decoders connected to a plurality
of memory cells;

a plurality of select lines, both master row line and word
lines, connected to the local row decoders which select
a portion of the memory array when set to a select
voltage level and which deselect a portion of the
memory array when set to a deselect voltage level, each
select line having a first end and a second end, with the
first end of a select line connected to a driver; and

a plurality of high impedance reverse biased diodes, with
a reverse biased diode connected to the second end of
the select line which holds the select line to the deselect
voltage level if the select line is broken [with a reverse
biased diode conned to the second end of the select line
which holds the select line to the deselect voltage level
if the select line is broken].

6. The circuitry of claim 5, wherein the word lines are
connected to the master row lines through at least one of a
row decode logic and driver circuitry.

7. The circuitry of claim 6, wherein the master row lines
are connected to at least one of a master row decode logic
lock which provides the driver on the first end of each of the
master row lines.

8. The circuitry of claim 6, wherein the driver on the first
end of each of the word lines 1s provided by the row decode
logic and driver circuitry to which it 1s connected.

9. The circuitry of claim 5, wherein the high impedance
reverse biased diode leaks charge, thereby pulling the select
line, to which 1t 1s connected, to the deselect voltage level.

10. Memory array circuitry for selecting a portion of a
mMemory array, COmprising.

a plurality of memory cells;

a plurality of select lines which select a portion of the
memory cells in the memory array when set to a select
state and which deselect a portion of the memory array
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when set to a deselect state, each select line having a
first end and a second end, with the first end of a select
line connected to a driver; and

a plurality of high impedance reverse biased diodes, with
a reverse biased diode connected to the second end of
the select line which holds the second end of the select
line to the deselect state if the select line is broken.

11. The circuitry of claim 10, wherein the select line is a
master row line.

12. The circuitry of claim 10, wherein the select line is a
word line.

13. The circuitry of claim 10, wherein the high impedance
reverse biased diode leaks charge, thereby pulling the select
line, to which it is connected, to a deselect voliage.

14. Memory array circuitry for selecting a portion of a
memory array, COmprising.

a plurality of local row decoders connected to a plurality
of memory cells;

a plurality of select lines, both master row lines and word
lines, connected to the local row decoders which select
a portion of the memory array when set to a select state
and which deselect a portion of the memory array when
set to a deselect state, each select line having a first end
and a second end, with the first end of a select line
connected to a driver; and

a plurality of high impedance reverse biased diodes, with
a reverse biased diode connected to the second end of
the select line which holds the second end of the select
line to the deselect state if the select line is broken.

15. The circuitry of claim 14, wherein the word lines are
connected to the master row lines through at least one of a
row decode logic and driver circuitry.

16. The circuitry of claim 15, wherein the master row lines
are connected to at least one of a master row decode logic
block which provides the driver on the first end of each of the
master row lines.

17. The circuitry of claim 15, wherein the driver on the

first end of each of the word lines is provided by the row

decode logic and driver circuitry to which it is connected.
18. The circuitry of claim 14, wherein the high impedance

reverse biased diode leaks charge, thereby pulling the select

line, to which it is connected, to a deselect voltage level
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