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(57) Abstract

An EPROM-based crossbar switch (200) is
disclosed that provides for the programmable in-
terconnection of logic circuitry. Circuit layout
and design features (210) reduce circuit real es-

tate and bitline (140, 142) parasitic capacitances, 20
allowing a high level of integration and faster {IO
switching speeds. VIN

VBlas

(54) Title: EPROM-BASED CROSSBAR SWITCH WITH ZERO STANDBY POWER

.jl40 ’[MZ
1" "1 1

| 5,
| 30, §| : | (30

| R

|

i &/\1 I_/ | (132
|

R

I /7
H 62 60
22— }—120
20 42
+y .y

110 1z




applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ

BR
CA
CF
cC
CH
Ct

™M
cs
cz
DE
DK
ES
Fl

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria

Australia

Barbados

Belgium

Burkina Faso

Bulgaria

Benin

Brail

Canada

Central African Republic
Congo

Swirerland

61 d’lvoire
Canicroon
Crechoslovakia -
Czech Republic
Germany

Denmark

Spain

Finland

FR
GA
GB
GN

HU
IE

Jp
KP

KR
KZ
L
LK
LU
MC
MG
MI.
MN

France

Gabon

United Kingdom
Guinca

Greeee

Hungary

frefand

ltaly

Japan

Democratic People’s Republic
of Korca
Republic of Korea
Kazakhstan
Licchtenstein

Sri Lanka
Luxcmbourg
Mounaco
Madagascar

Mali

Mongolia

MR
MW
NL
NO
NZ
PL
PT
RO
RU
sD
SE
SK
SN
su
™
TG
UA
us
VN

Mauritania
Malawi
Netherlands
Norway

New Zealaond
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovak Republic
Senegal

Soviet Union
Chad

Togo

Ukraine

United States of America
Viet Nam

e/



WO 93/13629

10

15

20

25

PCT/US92/11029

EPROD}-:BASED CROSSBAR SWITCH
WITH ZERO STANDBY POWER

Background of the Invention

This invention relates to the programmable
interconnection of digital circuits. Particularly, the
invention relates to programmable interconnections
known as crossbar switches, which are used to switch N
digital inputs into N digital outputs.

Various interconnection schemes are possible,
for example, as described in Wong et al. U.S.

Patent 4,871,930, blocks of programmable logic or logic
array blocks (LABs) may be programmably interconnected
using programmable interconnect arrays (PIAs). In this
manner, relatively many small logic elements may be
efficiently interconnected using a hierarchical

method -- first, interconnecting primitive logic
elements into LABs, and second, interconnecting LABs
using PIAs. The PIAs accept all logic function outputs
from the LABs, and provide the means to programmably
interconnect a small subset of these back into the
LABs.

' However, it is often desirable to provide
digital circuit interconnections that programmably
switch a number of inputs into an equal number of
outputs. Further, it is desirable that the switching

circuit have low standby power and display relatively
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small parasitic capacitance values. The switch should

also be simple to program and low in cost.

Summarvy of the Invention

In view of the foregoing, it is an object of
this invention to prdvide a programmable crossbar
switch with low standby power consumption.

It is a further object of the invention to
provide a crossbar switch that is based on erasable
programmable read only memory (EPROM) transistors, and
thus is relatively inexpensive and readily programmed.

It is a further object of this invention to
provide an EPROM-based crossbar switch with low bitline
parasitic capacitance.

The present invention provides the desired
structure set out above. Namely, a crossbar switch is
provided for programmably interconnecting N input nodes
to N output nodes, allowing the interconnection of
digital circuits, while adding relatively little
parasitic capacitance to the overall circuit.
Contributing to the low parasitic capacitance is the
use of only two EPROM transistors for each intersection
of two bitlines and two wordlines. As shown in
commonly assigned, co-pending U.S. Patent Application
Ser. No. 596,764, concerning sense amplifiers with
complementary bitlines, prior art intersections
typically have four EPROM transistors, resulting in
greater bitline loading and slower circuit performance.

Brief Description of the Drawings

FIG. 1 is a schematic drawing of the circuit
of one cell of an illustrative embodiment of the
crossbar switch of this invention. Also shown are bias
transistors and the pair of cross-coupled inverters

this cell drives.
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FIG. 2 is a schematic diagram of a
representative 4x4 subsection of an illustrative
embodiment of a crossbar switch circuit constructed in
accordance with the principles of this invention,
showing the matrix layout of the cells. '

Detailed Description of the Preferred Embodiments

As shown in FIG. 1, a representative portion
of a crossbar switch constructed in accordance with
this invention includes complementary wordlines 130 and
132 intersecting complementary bitlines 140 and 142 via
programmable EPROM transistors 50 and 52. In an NxN
crossbar switch there will be N? such intersections,
laid out as shown in part in FIG. 2. This allows one
of N inputs to be programmably switched to any one of N
outputs by the appropriate programming of the EPROM
transistors. Specifically, if EPROM transistors 50 and
52 are programmed, they will not switch and the state
of the input voltage, V. y+ at node 10 will not affect
the output voltage, VbUT, at node 120. However, if
EPROM transistors 50 and 52 are erased (not
programmed) , the transistors will switch in response to
changes in Vine BY programming all but one pair of
EPROM transistors on a pair of complementary wordlines,
an input signal at an input node, such as node 10, will
be output at the appropriate output node, such as 120.
Various EPROM transistors may be employed. For
example, EPROM transistors 50 and 52 may be UV-erasable
EPROM transistors or electrically erasable programmable
read only memory (E2PROM) transistors.

Referring to FIG. 1, the propagation of an
input signal at node 10 via erased EPROM transistors 50
and 52 to output node 120 is described as follows, for
both low to high and high to low transitions. Note the
power supply voltage at nodes 110 and 112 is
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approximately 5.0 V, the bias voltage at node 100 is in
the range of 3.0 V, and the potential of the ground
nodes 150 is maintained in the range of 0 V. The bias
transistor arrangement prevents nodes 70 and 72 from
rising so high as to falsely program EPROM transistor

.,

50 or 52.
For a low to high transition, the initial

state of node 10 is low, thus EPROM transistor 50 is
initially off, and node 70 high. The high signal of
node 70 is communicated via n-type buffer transistor 90
to node 62, holding p-type transistor 42 off. The
complement of the low node 10 voltage at node 52 holds
EPROM transistor 52 on, holding node 72 low. As p-type
transistor 42 is off, only a negligible current flows
in bit line 142. The low signal at node 72 is
communicated via buffer transistor 92 to node 60 where
it holds p-type transistor 40 on. However, as EPROM
transistor 50 is off, a negligible current flows in bit
line 140. With no current flowing in bit lines 140 and
142, the standby power consumption of the circuit in
FIG. 1 is near zero. Note the low signal at node 72 is
communicated to output node 120 via buffer transistor
92.

A low to high transition at input node 10
causes EPROM transistor 50 to turn on, pulling node 70
low. This low voltage is transmitted to node 62 via
buffer transistor 90, turning on p-type transistor 42.
Low node 32, which is the complement of high node 10,
has turned off EPROM transistor 52. Thus, the turn-on
of p-type transistor 42 brings node 60, and therefore ,
output node 120, high. Subsequently, p-type transistor
40 is turned off, blocking current flow in bit line >
140. Since current flow is blocked in bit line 142 by
turned off EPROM transistor 52, quiescent power
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dissipation is negligible as in the previous state,
where the voltage VIN at node 10 was low.

A high to low transition at input node 10,
takes node 32 high, turning EPROM transistor 52 on, and
forcing node 72 low. This low voltage is transmitted
via n-type buffer trahsistor 92 to node 60 and the
output node 120, turning p-type transistor 40 on.
Since node 30 is low, EPROM transistor 50 is off.

Thus, as p-type transistor 40 turns on, it brings node

62 high, turning off p-type transistor 42 and blocking

current flow in bit line 142. Current flow is blocked

in bit line 140 by turned off EPROM transistor 50. The
cell has now been returned to its original state.

As shown in FIG. 2, the crossbar switch may
also include output buffers 215 to buffer and invert
the output signal. Further, as shown in FIG. 1, it is
also possible to provide output node 122, the
complement of node 120. '

From the above, it is apparent that not only
does the circuit in FIG. 1 transmit input signals at
node 10 to output node 120, but that the circuit also
provides for zero quiescent power consumption.

As the structure of two-EPROM transistor cell
210 consumes less real estate on the chip, a higher
level of integration is possible than if four EPROM
transistors were committed to each cell. Two
transistor cell 210 also does not load bit lines 140
and 142 and word lines 130 and 132 as much as would a
four transistor cell. This reduced loading provides
for faster switching in the crossbar circuit.

Although particular attention has been given
to the operation of one cell of the crossbar switch
circuit, it will be understood that the overall
function of the chip is to programmably interconnect N
inputs to N outputs, and that among other possible
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variations within the scope of the invention that will
occur to those skilled in the art, any number of inputs

and outputs may be used.
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We claim:

1. An EPROM-based crossbar switch for
programmably interconnecting N input nodes to N output
nodes comprising:

a plurality of complementary wordlines
communicating with said input nodes;

a plurality of complementary bitlines;

a plurality of EPROM transistor pairs
for interconnecting said complementary bitlines and
said complementary wordlines; and

circuit means for communication between
said complementary bitlines and said output nodes.

2. The apparatus of claim 1 wherein said
transistor pairs comprise erased pairs and programmed
pairs, said erased pairs providing communication
between said complementary wordlines and said
complementary bitlines, and said programmed pairs not
providing communication between said complementary
wordlines and said complementary bitlines.

3. The apparatus of claim 2 wherein:

a first transistor from one said erased
pair provides communication between a first wordline
and a first bitline;

a corresponding second transistor from
said erased pair provides communication between a
second wordline and a second bitline; and

said second wordline is the complement
of said first wordline and said second bitline is the
complement of said first bitline.

4. The apparatus of claim 3 wherein said
first transistor comprises:
a gate connected to said first wordline;
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a second terminal connected to said

first bitline; and
a third terminal connected to a ground

node.

5. The apparatus of claim 3 wherein said

second transistor comprises:
a gate connected to said second

wordline;
a second terminal connected to said

second bitline; and
a third terminal connected to a ground

node.

6. The apparatus of claim 1 wherein said
circuit means comprises pairs of buffer transistors for
limiting the excursion of voltages on said
complementary bitlines.

7. The apparatus of claim 6 wherein said
circuit means further comprises output buffers
providing communication between said buffer transistors
and said output nodes.

8. The apparatus of claim 6 wherein said
circuit means further comprises cross—-coupled inverters
communicating with said complementary bitlines via said
buffer transistors for limiting quiescent current flow
in said complementary bitlines.

9. The apparatus of claim 8 wherein each of

said cross-coupled inverters comprises:
a first p-type transistor having
(1) a first gate connected to a first

bitline;

g
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7 (2) a first terminal connected to a
power supply; and

(3) a second terminal connected to a
second bitline, said second bitline being the
complement of said first bitline; and

a second p-type transistor having

(1) a second gate connected to said
second bitline;

(2) a third terminal connected to said
power supply; and

(3) a fourth terminal connected to said

first bitline.

10. The apparatus of claim 1 wherein on each
of said complementary wordlines, all but one of said
pairs of EPROM transistor are programmed.

11. The apparatus of claim 1 wherein on each
of said complementary bitlines, all but one of said
pairs of EPROM transistors are programmed.

12. An EPROM-based crossbar switch for
programmably interconnecting N input hodes to N output
nodes comprising:

N complementary wordline pairs, each for
communicating with a respective one of said N input
nodes;

N complementary bitline pairs;

N? EPROM transistor pairs for
interconnecting said complementary bitline pairs and
said complementary wordline pairs, wherein:

said transistor pairs comprise erased
pairs and programmed pairs, said erased pairs providing
communication between said complementary wordline pairs

and said complementary bitline pairs, and said
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programmed pairs not providing communication between
said complementary wordline pairs and said

complementary bitline pairs; and wherein:
a first transistor from each said erased

pair provides communication between a first wordline
and a first bitline, said first transistor comprising:
a first gate connected to said first

wordline;
a first drain connected to said first

bitline;

a first source connected to a ground;

a corresponding second transistor from
said erased pair provides communication between a
second wordline and a second bitline, said second

transistor comprising:
a second gate connected to said second

wordline;
a second drain connected to said second

bitline;

a second source connected to said

ground; and

said second wordline is the complement
of said first wordline, and said second bitline is the
complement of said first bitline; and

circuit means for providing
communication between each of said complementary
bitlines and a respective one of said output nodes.

13. The apparatus of claim 12 wherein said
circuit means comprises pairs of buffer transistors for
limiting the excursion of voltages on said
complementary bitlines. '

14. The apparatus of claim 13 wherein said

circuit means further comprises output buffers

X 4




WO 93/13629

PCT/US92/11029

- 11 -

providing communication between said buffer transistors

and said output nodes.

15. The apparatus of claim 13 wherein said

circuit means further comprises cross-coupled inverters

communicating with said complementary bitlines via said

buffer transistors for limiting guiescent current flow

in said complementary bitlines.

16. The apparatus of claim 15 wherein each

of said cross-coupled inverters comprises:

each

said

each
said

a first p-type transistor having

(1) a first gate connected to a first
bitline;

(2) a first terminal connected to a
power supply; and

(3) a second terminal connected to a
second bitline, said second bitline being the
complement of said first bitline; and

a second p-type transistor having

(1) a second gate connected to said
second bitline;

(2) a third terminal connected to said
power supply; and

(3) a fourth terminal connected to said
first bitline.

17. The apparatus of claim 12 wherein on
of said complementary wordlines, all but one of

pairs of EPROM transistors are programmed.

18. The apparatus of claim 12 wherein on
of said complementary bitlines, all but one of
pairs of EPROM transistors are programmed.
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19. Integrated circuitry for programmably
connecting each of a plurality of input terminals to
any respective one of a plurality of output terminals
comprising:

a pair of wordline conductors associated
with each of said input terminals;

means for applying true and complement
versions of the signal applied to each input terminal
to respective ones of the wordline conductors in the
pair of wordline conductors associated with that input
terminal;

a pair of bitline conductors associated
with each of said output terminals;

means for programmably interconnecting
each pair of wordline conductors to each pair of
bitline conductors, said means for programmably
interconnecting each pair of wordline conductors to a
pair of bitline conductors consisting of a pair of
EPROM transistors each having a gate and a source-drain
channel, the gate of each EPROM transistor being
connected to a respective one of the wordlines in the
associated pair of wordline conductors, and the source-
drain channel of each EPROM transistof being connected
to a respective one of the bitlines in the associated
pair of bitline conductors;

means for interconnecting the bitline
conductors in each pair of bitline conductors so that
the current supply to each bitline conductor to which
an EPROM transistor which is conducting is connected is
cut off by the absence of any conducting EPROM
transistor connected to the other bitline conductor in

said pair of bitline conductors.

20. The integrated circuitry defined in

claim 19 wherein the source-drain channel of each EPROM

LN
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transistor is connected in series between the bitline
conductor to which that EPROM transistor is connected
and a source of ground potential.

21. The integrated circuitry defined in
claim 20 wherein said means for interconnecting the
bitline conductors in each pair of bitline conductors
comprises:

a p-channel transistor having a source-
drain channel connected in series between each bitline
conductor and a source of logical 1 potential, each
p-channel transistor also having a gate which is
connected to the other bitline conductor in the
associated pair of bitline conductors.

22. The integrated circuitry defined in
claim 21 further comprising an n-channel transistor
having a source-drain channel connected in series
between each bitline conductor and the source-drain
channel of the p-channel transistor associated with
that bitline channel, each n-channel transistor also
having a gate connected to a source of bias potential
which is intermediate said ground poténtial and said
logical 1 potential.

23. The integrated circuitry defined in
claim 22 wherein the output terminal associated with
each pair of bitline conductors is connected between
the p-channel and n-channel transistors whose source-
drain channels are connected in series with one of the
bitline conductors in that pair of bitline conductors.
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