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FIELD PROGRAMMABLE MEMORY ARRAY

v

Related Application Information

This Application' relates to the commonly owned, concurrently or
prevmusly filed U.S. Patent Apphcatmns _

1. Docket No, FI9-95-138, Serial N6.5 7 5 4 2 2 _ entitled
""PROGRAMMABLE PARITY CHECKING AND COMPARISON CIRCUIT;"

and

2. Docket No. FI9-95-140, Serial No.> 7 53 14  entitled :"A
SYSTEM FOR IMPLEMENTING WRITE, INITIALIZATION, AND RESET IN
A MEMORY ARRAY USING A SINGLE CELL WRITE PORT."

Each of these Applicatiéns is incorporated herein by reference in its
entirety.

Technical Field

This invention relates to data memory and more specifically to a
' .programmable memory array with associated programmable routing and control
resources. This invention also relates to a programmable memory array

incorporated together with a field programmable gate array.
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Background Of The Invention

Known integrated memory arrays generally have a fixed depth and fixed
width as associated with a given data storage application. Accordingiy, different
.data storage applications may require separate respective memory arrays for
meeting the different depth/width reqmrements However, it would be
advantégcous if a single membry' resource were capable of meeting the different
depth/wi_d"ch application needs. |

A variety of known memory devices are available for providing different
memory abcess techniques. The most common memory access. technique includes
simple addressable read/write . memory functionality. Other access techniqﬁes
include LIFO (Last In First Out), FIFO (First In First Out) and rollover data stack
operations. Ex1stmg data storage devices are generally tailored to specific, fixed
. access techniques. However, it would be advantageous if a memory device were

pfogfammable to selectively provide combinations of access techniques.

Programmable integrated circuits are known in the art and include
programmable gate arrays (PGA) ‘which provide an array of distinct, uncommitted
logic cells. A programmable interconnect network is usually provided for
in_terconﬁecﬁng the ce_:lls and/or to provide data input to and output from the array.
" Customization or programming of the otherwise generally designed logic cells and
interconnect network is performed for impleménting a particular application. One
such device is a field-programmable -gate array (FPGA), wherein the configuration
of the FPGA can be performed by a user "in the field." The configuration of the
FPGA is effected by using electrically programmable fusible links, anti-fuses,
memory controlled transistors or floating gate transistors. To program the FPGA,

configuration data is transferred from an external memory device to electrically
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programmable resources of the FPGA. As densities of these field programmable
gate arrays increase, the demand for on-board memory/storage .functionality
likewise increases. Accordingly, it would be desirai)le to provide an itegrated
circuit including an FPGA together with a programmable memory array, which
memory array could be capable of implementing various conﬁguratlons and/or

provide one of a variety of memory access techniques.

"~ Summary Of The Invention

Accordingly, it is an object of the present invention to provide an improved
memory array. '

It is a another object of the present invention to provide a programmable
memory array that is programmably configurable for providing a variety of data
storage architectures.

It is a further object of the present invention to provide a memory array
selectively programmable for implementing a variety of memory access

techniques.

It is yet a further object of the present invention to provide an integrated
circuit incorporating a field programmable gate array together with a

programmable memory array.

It is yet a further object of the present invention to provide an integrated
circuit incbrporating a field programmable gate array together with a field
programmable memory array, wherein the field programmable memory array is

accessible during configuration of the field programmable gate array, during
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reconfiguration of the field programmable gate array, or during normal
functionality of the field programmable gate array. | -

The present invention is, in one aspect, a field programmable memory
array having a plurality of memory sub-arrays. The memory sub-arrays are
selectively programmable- for implementing a variety of different memory
configurations and operating modes. In general, each sub-afray can be
programmed into, and thereafter accessed using, one of a set of modes. The set of
modes includes, in one embodiment, wide RAM, deep RAM, FIFO and LIFO.

Numerous programmable structures are provided by the present invention
to effect the programming of the portions of the memory array. For example, the
array may include an address decoder and a programmable access unit for
‘providing flead and write input addresses to the address decoder during associated
read and write operations of the memory array. The programmable access unit
may further comprise a first address counter, a first clock control unit and an

address comparison unit.-

The bit lines of the memory array are placed into a programinable,
hierarchical arrangement. Local bit lines, semi-global bit lines and global bit lines
can be provided and are programmably interconnectable to provide a high degree

of bit line programmability. Further, the interconnected bit line structure is

programmably connectable to I/O buses.

A primary /O bus and a secondary 1/O bus can be provided, along with

first and second selective couplers for programmable connections thereto.
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A programmable address decoder may be provided having M word lines, a
plurality of address lines propagating address data, and a decoder circuit for
selectively driving a given word line of the M word lines as selected in
accordance with address data of the plurality of address lines. A selective coupler
can also be provided having a plurality of inputs coupled to an associated set of
lines of an address bus, and an output coupled to an address line of the plurality
of address lines, the selective coupler selectively coupling its output-to one of its

plurality of inputs in accordance with programming data.

~ A selective read capture latch can be provided for seléc_tively interfacing to
the hierarchical bit line structure. The selective read capture latch may include at
least first and second hierarchy inputs, a memory unit having an input and an
output, and selective coupling means between the first énd second hierarchy inputs
and the input of the memory unit, for selectively coupling one of the first and
second hierarchy inputs to the input of the memory unit for propagating data
therebetween in accordance with an associated hierarchy read capture clock.
Precharge means may be provided for pre-charging at least one bit line of the

hierarchical bit line structure.

In alternate embodiments, programmable transfer”paths and scan chain
latches can be provided between the memory cells of the array to provide a
physical LIFO/FIFO function, as well as provide testability for the cells and
_related paths in the array, respectively. . '

In a preferred embodiment, the field programmable memory array (FPMA)
disclosed herein can be integrated with the programmable logic cells of a field
programmable gate array (FPGA) to provide a fully programmable logic system

which includes highly programmable combinational and memory circuitry.

il
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The aforementioned, along with numerous other features of the present
invention, disclosed below, provide a significant improvement over prior art
memory systems wherein the memory access technique was fixed, offering little or

no flexibility for user access thereto.

Brief Description Of The Drawings
| The subject matter which is regarded as the invention is particularly
pointed . out and distinctly claimed in the concluding portion of the specification.
The invention, however, both as to organizaﬁdn and method of practiée, together
~with further objects and advantages thereof, may best be understood by reference
to the following detailed description of the preferred embodiments and the

accompanying drawings in which:

Figs. 1A-1E depict, at various levels, a field programmable memory array

of the present invention;
Flgs 2A-2B provide a partial schematic diagram of a memory sub-array;
Fig. 3 is a schematic diagram of a. memory cell;
Fig. 4 is a schematic diagram of an alternative memory cell;
Fig. 5 is a schematic diagram of a transfer cell;

Figs. 6A-6E are partial schematic diagrams of a bit line routing matrix;
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Fig. 7 is a schematic diagram of a switching matrix element associated

with the bit line routing matrix of Fig. 6A and a read bit line hierarehy structure;

Fig. 8 is a schematic diagram of a switching matrix element associated
with the bit line routing matrix of Fig. 6B and a write bit line hierarchy structure;

Fig. 9 is a schematic diagram -of a switching matrix element associated
with the bit line routing matrix of Fig. 6C and a push bit line;

Fig. 10 is a schematic diagram of a switching matrix element associated

with the bit line routing matrix of Fig. 6D and a pop bit line;
Fig. 11 is a block diagram of an 1/O routing matrix;

Fig. 12 is a partial schematic diagram of a write matrix switch of the I/O

routing matrix of Fig. 11;

Fig. 13 is a partial schematic diagram of a read matrix switch of the I/O
rouﬁng matrix of Fig. 11;

Fig. 14 is a block diagram of an I/O block;
Fig. 15 is a schematic diagram of an I/O cell of the I/O block of Fig. 14;

>

Fig. 16 is a partial schematic -diagram of an alternative read/write bit line
hierarchy structure;
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Fig. 17 is a partial schematic diagram illustrating a higher order alternative
read/write bit line hierarchy structure; -

Figs. 18A-18B are partial schematic diagrams of a read data path network
incorporating the alternative read bit line hierarchy structure associated with four
memory sub-arrays;

Fig. 19 is a partial schematic diagram of a write port data path network
incorporating .the alternative write bit line hierarchy structure associated with four

memory sub-arrays;

Fig. 20 is a simplified schematic diagram of a read bit line hierarchy
structure incorporating alternative read capture latch banks;

Fig. 21 is a block diagram of a capture latch bank as shown in Fig. 20;
Fig. 22 is a schematic diagram of a clock generator of Fig. 21;

Fig. 23 is a schematic diagram shoWing a single cell of a read capture latch
bank of Fig. 21;

Fig. 24 is a schematic diagram of a precharge circuit;

Fig. 25 is a schematic diagram showing precharge circuitry incorporated
within a read capture latch;

Figs. 26A-26C are partial schematic diagrams illustrating an address unit;
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Figs. 27A-27C are simplified schematic diagrams representative of a clock

unif; . -

Figs. 28A-28B are partial schematic diagrams representative of a state

machine access port;

' Fig. 29 is a partial schematic diagram of an alternative bit line interface
structure allowing asynchronous operation; and

Fig. 30 is a schematic diagram of a device of Fig. 29.

Description Of The Preferred Embodiment:

The description is arranged into the following sections: i

Elements of the Field Programmable Memory Array

Memory Sub-arrays

Memory Cell

Transfer Cell

Bit Line Routing Matrix

Read Bit Line Switching Element

Write Bit Line Switching Element

Push/Pop Switching Matrix. Elements

Programming Switching Matrix Elements

I/0 Routing Matrix

I/0 Block

Alternative Data Interfacing Configuration

Alternate Read Capture Latch Topology Providing Simplified Read
Bit Line Interface '

lil
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Address Umts

Clock Umts

State Machine Access Port
Asynchronous Read

Elements of the_ Field Programmable M_emo;y Array:

. With reference to Fig. 1A, a field prégrammable memory array (FPMA) 10
has a plurality of memory sub-arrays 12, 122,...12_zj The memory sub-arrays are
seléctively programmed for imi:lemen_tiﬁg a variety of different memory
configurations é.nd operating modes, i.e, acéess techniques.

Various technologies are known to those skilled in the art for providing
arfay programmability. Mask programming techniques include customizing the
deposition of the final layers of the 'metaliizétidn of an otherwise generally
designed integrated circuit (see, for example U.S. Patent Nd. 3,993,919 to Cox et
al. entitled “PROGRAMMABLE LATCH AND OTHER CIRCUITS FOR LOGIC
ARRAYS;" November 23, 1976; and U.S. Patent No. 4,742,383 to Fitzgerald
entitled "MULTI-FUNCTION FET MASTERSLICE CELL, "May 3, 1988; both
patents being assigned to the same assignee as the present application). Laser
programming techniques involve customizing the metallization layers following
their deposition (see, for example, Raffel et al., "A WAFER-SCALE DIGITAL
INTEGRATOR USING RESTRUCTURABLE VSLL" IEEE Journal of Solid-
-State Circuits, Vol. SC-20, No. 1, February 1985, at pg. 399). Fusible links or
antifuses can be employed and offer permanent (non-volatile) programming (see,
for example, Millman, "MICROELECTRONICS," McGraw-Hill, Inc., 1979, at pg.
196; and U.S. Patent No. 4,758,745 to 'Elg.amal et al. entitled "USER
PROGRAMMABLE INTEGRATED CIRCUIT INTERCONNECT



-11-

ARCHITECTURE AND TEST METHOD," July 19, 1988). Erasable
Programmable Read Only Memory ("EPROM") and Electrically Erasable
Programmable Read Only Memory ("EEPROM") devices can be used and offer
semi'-penhanént programming. EPROMS and EEPROMS are both electrically
programmable and hold their states, even if power is removed. Special erase
procedures can be used, however, to reconfigure the devices (see, for example,
Wood et al., "AN ELECTRICALLY ALTERABLE PLA FOR FAST ,
TURNAROUND TIME VLSI DEVELOPMENT HARDWARE," 1EEE Journal of
~ Solid-State Circilits, Vol. SC-16, No. 5, October 1981, at pg. 570). Finally,
volatile random access memory ("RAM") devices are also available which are
fully programmable and r_eprogrmnimble, but which lose their programmed state if
power is removed (see, for example, U.S. Patent No. 4,177,452 to |
Balasubramanian et al., entitled "ELECTRICALLY PROGRAMMABLE LOGIC
ARRAY," December 4, 1979, assigned to the same assignee as the present
application). These and other techniques for programming arrays are know to
those in the art énd are also generally described in the publication entitled
"FIELD;PROGRAMI\/I.ABLE GATE ARRAYS" by S. Brown, R. Francis, J. Rose
and Z. Vranesic, Kluwer Academic Publishers, 1992. Each of the above-named

sources is hereby incorporated herein by reference in its entirety.

The preferred approach for programming or configuring programmable
resources of the present invention involves SRAM memory cells, programmed by
a user. The terms "configuration bits" or "configuration data" are used herein to
refer to the underlying configuration information used to configure the numerous
- configurable resources disclosed. In the Figures, a circle with an X therethrough
represents configuration information. The FPMA of the present invention is
preferably configured in accordance with techniques similar to those used in

configuring a known FPGA, as disclosed in the publication entitled

lil
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"APPLICATION NOTE AT6000 SERIES CONFIGURATION", May 1993,
Revision 1B, Atmel Corporation, which is hereby incorporated by reference in its
entirety. |

Each memory sub-array 12,,12,,...12, of FPMA 10, with reference to Figs.
1A-1D, comprises a plurality of memory cells arranged in an array of M rows and
N columns. Each memory sub-array provides M sforage words wﬂh each word
being N-bits wide. Data access to the FPMA is provided, in one operating mode,
via primary I/O bus 26; and, in a second operating mode, via state machine access
port 24. Configuration of FPMA 10 determines the data access path into and
associated length/width of the n:iemory' cells thereof. Address bus 28 (hierarchical
in design) propagates address data to address decoder units 20,,20,,...20, which
address decoder units addressably select word rows of the memory sub-arrays for
receiving/providing data.

Various bit line structures of the FPMA 10 propagate data toward the
FPMA, or away from the FPMA Read bit line structure 30 propagates data from
given ﬁlembry sub-arrays of the FPMA toward either primary I/O bus 26, or state
machine access port 24, in accordance with the selected configuration of the
FPMA. Write bit line structure 32 propagates data to select memory sub-arrays
words of FPMA 10 in accordance with write addressing data and associated bit

line configuration.

LIFO/FIFO data bit lines 34 provide data intercoupling between vertically
adjacent memory sub-arrays. The LIFO/FIFO bit line structures propagate data in
one of two directions in accordance with associated LIFO/FIFO control signals.
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Programming (initialization) bit line structure 36 provides direct coupling
from state machine port 24 into the FPMA for sending data, for example
initialization data, into the FPMA as addressed via associated programming word

line addressing.

Bit line routing matrix units 14,,14,,...14,,,, wherein z is equal to the
number of memory sub-arrays 12 of the FPMA 10, provide selective interfacing
* from select lines of the various data bit linie structures toward secondary I/O bus
38. For example, in bit line routing matrix 14,,;, with reference to Figs. 1A, 1B
and 1C, select read bit lines of the read bit line structure 30 are routed to the I/O
routing matrix 16,,, via the intercoupling read data lines 40. Likewise, selecf lines
of write bit line structure 32 are intercoupled to I/O routing matrix 16,,, per the
intercoupling write data lines 42. The intercoupling lines, 44 and 46,' between bit
line routing matrix 14,,, and I/O routing matrix 16,,, propagate select signals of
associated LIFO/FIFO bit line structures 34. Each of the data line intercouplings
40,42,44,46' between bit line routing matrix 14,,, and I/O routing matrix 16,,, are

N bits wide, wherein N represents the. data word width of each meinory sub-array.

The bottom bit line routing matrix 14,, with reference to Figs. 1A, 1C and
1E, also provides selective interfacing of read bit line structure 30 to the state
machine access port 24 via read bit line intercoupling 30°. Secondary read port
38’ provides an alternative read interface of the FPMA to state machine access

. port 24, by way of secondary I/O bus 38. Programming bit line intercoupling 36
provides programming data coupling from state machine access port 24 into the
programming bit line structure 36 via bit line routing métrix 14,. The LIFO/FIFO
wrap-around intercoupling data lines .34’ (as shown in Fig. 1B) wrap from the

bottom bit line routing matrix 14, to the top bit line routing matrix 14,,,. The

il
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wrap around data lines 34’ provide top to bottom or alternatively bottom to top,

data flow between respective ends of the FPMA. | -

I/O routing matrix units, 16,,16,...16,,,, with reference to Figs. 1A and 1B,
are associated with respective bit line routing matrixes 14,, 14,,...14,,,, and
provide selective intercoupling between associated intercoupling data lines
40,42,44,46 and select lines of secondary /O bus 38.  The I/O routing matrices
also include features for implementing a segmented hierarchy structure for the .
secondary /O bus 38, which hierarchy structure will be described more fully
hereinafier. o ' | .

I/O blocks 18,,18,,...18, provide selective intercoupling between primary
I/0 bus 26 and secondary' I/O bus 38. The I/O blocks may also include selective

polarity inversion for certain intercouplilfg embodiments.

Primary I/0 bus 26 serves as the primary interface to the memory cells of
the FPMA. In an exemplary application, the FPMA is configured together with
another programmable array, such as, for example, a field programmable gate
array, wherein the primary 1/0 bus is part of an overall interface to the field

programmable gate array.

Clock unmits 22,,22,...22,, are associated with respective memory sub-arrays
' 12,,12,..12,, and control various memory functionalities thereof. The clock units
aré programmable for providing transfer control signals for transferring data in
accordance with various memory functionalities selected, e.g. read, write, pop,

push, clear etc.

i
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Address bus 28 (Figs. 1A and 1B) routes address data to the various
address units 20,,20,,...20, and sends appropriate control data to the_associated
clock units 22,,22,.22 . Selective lines of the address bus are routed to the
address units and clock units in accordance with associated configuration data
thereof. Address bus 28 can be hierarchical in design, as discussed further below.

In the aforementioned_ exemplary application, wherein FPMA 10 is
incorporated togethef with a field programmable gate array (FPGA), state -machine
access port 24 (Figs. lA_ and 1E) provides a direct data interface between a state
machine associated with (;,onﬁgurétion logic of the FPGA (not shown) and the
memory cells of the FPMA. U.S. Patent No. 5,298,805 issued to Garverick et al.
on March 29, 1995, entitled "-VERSATILE AND EFFICIENT CELL-TO-LOCAL
BUS INTERFACE IN A CONFIGURABLE LOGIC ARRAY", hereby '
incorporated by reference in its entirety, provides disclosure of such a FPGA and
associated configuration logic. The state machine access port 24 has a read
address port 390 for receiving address data from the state machine. Programming
bit line port 388 receives programming data from the state machine, while data
port 386 sends out data as retrieved from the FPMA to the state machine. Strobe
port 384 is coupled for receiving a read stfobe from the state machine, which
strobe is associated with effecting a read operation of the FPMA. Address
information- is directed from the state machine onto select address lines of address
bus 28 by way of address intercoupling 28, as selected in accordance with the
lprogrammed' configuration of state machine access port 24. Programming

| (initialization) data, as received at programming bit line port 388, is selectively
coﬁpled to programming bit line structure 36 of the FPMA 10, via intercoupling
36’ and bit line routing matrix_' 14,, in accordance with the associated configuration
states of state machine access poit 24 and bit line routing matrix 14,. Data as

read from FPMA 10 can be sent to the state machine by two different alternative



-16-

paths, via read bit line intercoupling 30’ or éltematively by way of secondary I/0
bus 38 and secondary read port intercoupling 38, in accordance with the
programme_d’configluation of the state machine access port 24. Accordingly, the
state machine access port 24 can provide on board "cache" operation for down-
loading new configuration data into configuration memory of an associated FPGA
directly from the cells of the associated FPMA.

As discussed hereinafter, an emb_odimeﬁt of the FPMA is discussed, and

' depicted in the figures, which contains what is referred to herein as "physical”
LIFO/FIFO capability, and "physical" scan in/out capabilities. These capabiiities
involve the inclusion in the array of L1/1.2 latches (master/slave) and transfer cells
between memory cells. The preferred embodiment of the invention does not
include such master/slave latches and transfer cells. The LIFO/FIFO capability is |
prbw?ided “logically“ without the transfer cells, in the preferred embodiment. The
exclusion of these and related circuits from the preferre& embodiment is discussed

below, where appiicable.

For' example, it is noted that the LIFO/FIFO wrap-around bit line strﬁcuues
34’ are optional structures for interfacing between the first bit line routing matrix
14, and the last bit line routing matrix 14,,,. In certain embodiments of the
present invention, the LIFO/FIFO wrap-around bit line structures 34 are not

included nor is bit line routing matrix 14,,,.

The disclosure hereinafter prdvides more detailed descriptions of the

various elements of the FPMA.

The FPMA disclosed herein not only provides capability for a single wide

p4

deep, or in-between logical ram within the FPMA at any one time, but can
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provide multiple logical arrays of the same or different modes simultaneously to
the limits of the FPMA’s logical capability. If the FPMA contaiﬁed% sub-arrays
of M words by N bits, we would expect the FPMA to be capable of implementing
8 logical memories, each of which were M words x N bits or alternatively, any
combination of arrays each of which are a multiple of M words and a multiple of
N bits which together use a number of sub-arrays and clock unit resources not to
exceed those present within the FPMA. . We would also allow each array to have
different mode (1 port RAM, 2 port RAM, ROM, FIFO, LIFO, etc.) to the

~ capability limit of FPMA. In one physical d_esign,' 8 sub-arrays, but only 2 clock
units are provided (limiting the number of simultansous LIFOs and/or FIFOs to
2).

Memory Sub-arrays:

With reference to Figs. 2A and 2B, each memory sub-array 12 comprises a
plurality of memory cells 48 arranged in an array of M rows and N columns. The
M rows'provide M storage words for the memory éub—array. The storage words
are each N bits wide, corresponding to the number of columns within the memory
- sub-array. Each row of memory cells 48 may have an associated row of transfer
cells 50 for enabling movement of data vertically from word to word. For
example, memory cell 48, |, of the first row and first column, would have an

associated transfer cell 50, ; that enables shifting of data to, or from, memory cell
| 48, of the second row and first column. In particular embodiments of the present
invention, there is no need to provide physical movement of data from word to
word, and, accordingly, the transfer cells 50 are not provided vertically
therebetween.
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A number of different iechniques are available for accessing memory cells
of FPMA 10 per a variety of data transfer operations including: read, write, push,
" pop, serial scan, -and_progrémming (initialization). Regarding the read and write
operations of rhemory sub-array 12, each row of memory cells 48 within the
‘memory sub-array 12 has an associated read word line, RWL,,RWL,...RWL,,
respectively, addressable for selectmg the associated row of memory cells as the
row from which to read data. When a given row word line is selected, data of the
selected row memory cells is ottput onto associated internal column read bit lines,
| 56,,562...56,.,.' Each memory cell of a given column has a gated output coupled to
ifs associated. internal read bit line 56, the gated outputs 'being enabled per
-corresponding read word lines. Fbr-example, the read bit line of the first column,
56, is coupled to a gated output of each memory cell of the first column,
48,,,48, .48y,

i

Each internal read bit line, 56,,56,,...56y, is coupled to an input of an
associated selective tri-state driver, 52,,52,...52, respectively. The selective tri-
state driver propagates data of respeétive internal read bit lines 56 to select bit
lines of an associated read bit line hierarchy structure 108 (of the respective read
bit line structure 30). For example, selective tri-state driver 52, receives data at its
. input from internal read bit line 56,. Selective tri-state driver 52,, a 1-of-n
selective driver (note, this "n" is not to be associated with the width "N" of the
memory array), drives a select output of its plurality of outputs 108,, in
accordance with associated configuration data 62. The configuration data for
programming the tri-state driver 52, is provided by, for éxample an SRAM (not
shown), as described hereinbefore with regard to programming of programmable
resources. Accordingly, selective tri-state driver 52, forwards data of internal read
bit line 56, to one bit line of the hierarchy structuré 108,, in accordance with its
associated configuration data 62 when appropriatf_;ly enabled as described below.
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Each selective tri-state driver, 52,52,...52, has an enable input dﬁven by a
high address enable signal as received at high address input 72. When the high
address enable signal disables the tri-state drivers, then all of the outputs of the
drivers provide a high output impedance, in a tri-state condition. Alternatively,
when the high address enable signal enables the selective tri-state drivers, the
drivers propagate data to select lines of hierarchy structure 108 in accordance with
associated configurations. With reference to Figs. 1A and 1B, the high address
inputs of memory sub-arrays 12,,12,,...12, are coupled to associated address units
20,,20,,...20,, via respective interconnects 72,,72,,...72,. Accordingly, FPMA 10,
per appropriate addréssiﬁg data, can select which memory éub-axrayé 12 will .-
propagate data onto associated read bit line hierarchy structures 108. Alternate
- embodiments of read circuitry 52 are discussed below.

.The circuitry associated with writing data into memory sub-array 12 is
similar to the read circuitry as described above. Each column of memory cells
has an associated internal write bit line, 58,,58,...58.. Each internal write bit line
is coupled to gated inputs of the resﬁective memdry cells of its associated column.
For example, internal write bit line 58, of the first column is coupled to the gated
inputs of the respective memory cells, 48,,,48,,...48,,,. When data is written into
memory sub-array 12, it is transferred into a given word thereof in accordance
with the addressably selected word line of WWL,,WWL,,.. WWL,,. For example,
assuming field programmable memory array 10 receives an address for driving the
second row word line WWL,, the second row of memory cells is accordingly
selected to receive data of the associated write bit lines, 58,,58,...58,. Each bit

line 58 is driven from an associated hierarchy structure 118 using multiplexers 54.

An alternative memory load operation includes programming. The term

"programming" is used herein to refer to both an "initialization" of the memory
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cells 48 6f the array, and when referring to configuring the configuration bits of
the FPGA/FPMA. Those skilled in the art will recognize from the current context
how the term "programming" is employed. Select rows of a given memory sub-
array 12 are loaded with program data of associated program bit lines 36, i.c.
PBL,,PBL,..PBL,. The select row of memory cells is selected per associated
program word lines, PWL,,PWL,.. PWL,. Referring to Fig. 1, a sté.te ‘machine
(not shown), for example, of‘ an FPGA, sends programming (initialization) data to
the FPMA via state machine access port 24 and programming bit lines 36, i.e.
PBLl,PBLz...-PBLN, which data path. provides a more direct route for writing
-. program data into the FPMA. | |

To enable LIFO,FIFO or data rollover fm}cti_ona_lity. \ﬁthin the FPMA, a
memory stack is configured within the FPMA and vertical shifting of data
provided onto, within, or off the stack. As will be developed in greater detail
hereinafter, two types of LIFO/FIFO operation are disélosed: Physical and
Logical. In physical LIFO/FIFO operation, data is actually transferred vertically
within an associated memory stack. In logical LIFO/FIFO operation, data of
respective- memory cells remains fixed, and address pointers/counters are
employed for keeping track of write and read memory locations for implementing
effective PUSH/POP stack functionality. Continuing with the description of the
physical LIFO/FIFO embodiment, push inputs PUSHI1,PUSHI2...PUSHIN are
coupled to the bottom memory cell of each respective column of memory sub-
array 12. For example, memory céll 48, , is tied to a push input of column 1
(PUSHI1) for receiving a given data bit to be pushed onto the associated stack. If
the associated memory sub-array 12 is within (i.e., an intermediate sub-array) of a
configured FIFO/LIFO stack, then it receives push data from an adjacent memory
sub-array (via its associated bit line routing matrix). Alternatively, if the given

memory sub-array is the first memory sub-array of the configured stack, then it

Il
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receives push data from either the top of the configured stack, via associated
wraparound intercoupling 34°, or alternatively from an external source via primary
1/O bus 26. |

As data is pushed into a given memory sub-array, overflow data is shifted
out of the memory sub-array by transfer cells SOM,,SOM;z...SOM » and onto
associated push outputs PUSHO1,PUSHO2...PUSHON. If the given memory sub-
array is within (intermediate) the configured stack of the FPMA 10, then the
overflow data as pushed out of the given memory sub-array is propagated to the
next adjacent memory sub-array within the configured stack, via an intermediate
routing bit line matrix 14. Alternatively, if the memory sub-array is at the top of
the configured stack, then the overflow data is propagated either to the bottom
memory sub-array via wrap-around interconnects. 34°, per roll-over functionality,
or out of the stack per FIFO functionality.

Shifting data down the vertical stack of the FPMA is similar to pushing
data up the vertical stack, 'except that the memory sub-arrays 12 receive data at the
tops of the various columns via associated pop inputs, POPI1,POPI2...POPIN. In
further propagating data down the stack, overflow data leaves the bottom of a
given memory sub-array via associated pop outputS, POPO1,POPO2...POPON of
the respective columns. The pop outputs are coupled to associated pop inputs of
adjacent memory sub-arrays within an appropriately configured stack via
intermediate routing bit line matrices. For the bo&om memory sub-arraj, data
popped out of the configured memory stack is pésscd to the top of the stack via
associated wrap-around intercoupling 34’ per roll-over functionality, or
alternatively onto the primary I/O bus 26. In facilitating movement of data
vertically within the various columns of the memory sub-arrays 12, each transfer

cell 50 receives first and second phase pop clocké, POPCLK1, POPCLK2, at
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inputs 373,374 respectively, and first and second phase push clocks, PUSCLK1,
PUSCLK2, at inputs 376,378 respectively (together referred to as clocks 380 in
Figs. 2A and 1D). As mentioned hereinbeforé, in one embodiment of the present
invention, transfer of data vertically within the FPMA memory stack is not
provided; accordingly, the various push/pop interconnects, transfer cells, and
associated push/pop clocks are not required.

Another method (per a barticular alternate embodiment of the present
invention) of transferring data within memory sub-an'ays 12 includes shlftmg of
data serially through a chain of serially connected memory cells 48. The memory
cell of the first row and first column, 48, ,, has a serial input providing scan mput,
SCANIN, for the associated memory sub-array 12. The memory cell associated
with the last row M and last column N, 48,,, has a serial output providing a scan
output, SCANOUT, for memory sub-array 12. Intermediate serial data links are
provided between the remaining serially connecfed memory cells, wherein serial
outputs are coupled to respective serial inputs of adjacent down stream memory
cells. For example, memory cell 48, ; has its serial output coupled to the serial
input of meémory cell 48, ,, and likewise memory cell 48,5 has its serial output
coupled to the serial input of memory cell 48,,. In this particular illustrated .
embodiment of the present invention, the memory cells are coupled serially within
each row, with a last memory cell of one row coupled to a first memory cell of an
adjacent row. Alternatively, the memory cells could be coupled serially via
* respective columns. In continuing the serial string of memory cells within the
FPMA, with reference to Figs. 1A and 1D, the scan output SCANOUT and scan .
input SCANIN of adjacent memory sub-arrays are intercoupled to provide a
single, continuous; serial scan chain within the overall FPMA. For example,
memory sub-array 12, has its scan output coupled to the scan input of memory

sub-array 12,, via serial interconnect 70. Serial scan shifting of data is provided
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by appropriate clock pulse sequenz:ing of first and second phase scan clocks
SCANCLK1, SCANCLK?2; respectively as received at input 301. These clocks
are coupled (not shown) for driving each of the memory cells. Again, the scan
chain implementation is merely an alternate, optional embodiment of the FPMA
disclosed herein.

Returning to Fig. 2A, each memory sub—érray 12 also has a reset input 302
for receiving a reset signal RESET. The reset input is coupled (not shown) to a
reset of each memory cell within the sub-array for enabling a reset of all memory
cells per an appropriate pulse of the reset 51gnal

A more detailed description of the memory cells and optional transfer cells

follows hereinbelow.

Memory Cell:

With reference to Fig. 3, exemplary memory cell 48 is depicted. (Another
embodiment of cell 48 is disclosed in the incorporated Application entitled "A
SYSTEM FOR IMPLEMENTING WRITE, INITIALIZATION, AND RESET IN
A MEMORY ARRAY USING A SINGLE CELL WRITE PORT.") Cell 48 has a
primary latch 74 for retaining data therein. Primary latch 74 comprises, for
example, two appropriately cross-coupled inverting elements providing a static

“memory unit. Primary latch 74 has a weak side, 73, and a strdng side 75. When
the weak side 73 of a first latch 74 is driven by a strong side 75 of a second
similar latch, the first latch will have its weak side aligned to correspond to the
strong side of the second latch. Hereinafter, the weak side will be referred to as
the input, and the strong side as the output. (Other memory cell configurations



-24-

may be provided without departing from the scope of the present invention,
including RAM, DRAM, PROM, etc.) -
The input 73 (weak side) of primary latch 74 is tied to a variety of gated
inputs for receiving data selectively from respective sources. For physical
LIFO/FIFO embodiments of the present invention wherein data shifts are provided
verticall):' from word-to-word within the field programmable memory array, a push
input and pop input, PUSHIN and POPIN respectively, are coﬁpled to input 73 of
primary‘latch 74. These push and pop inputs are driven by associated lower and
upper transfer cells 50 respectively (whic;h'tra_nsfer _ceils include gated 6utputs that
are selectively enabled by appropriate push/pop clocking as will be described more
fully hereinafter). For example, the push input PUSHIN -of memory cell 48
receives push data from a strong sided push output of a transfer cell located in the
same column therebelow. On the other hand, pop input POPIN of memory cell 48
is driven by the pop output from a strong side of transfer cell located in the same’

column thereabove.

Output 75 from the strong side of primary latch 74 provides direct push
and pop outputs, PUSHOUT and POPOUT respectively, for driving respective
upper and lower transfer cells of the same column. The push output of memory
cell 48 drives the weak side of an adjacent transfer cell .up the stack; whereas, the
pop output of memory cell 48 drives the weak side of an adjacent transfer cell
down the stack. Again, as noted hereinbefore, in a particular embodiment of the
present invention, wherein vertical shifting of data is not provided within the
memory array, the push/pop inputs and push/pop outputs are not provided for

memory- cell 48.
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MOSFET 78 serves as a passgate between input 73 of primary latch 74 and
a program bit line PBL of programming bit lines 36 (Fig. iB). MOSFET 78
selectively intercouples the programming bit line PBL to input 73 for loading
programming data into latch 74, when enabled at its gate via programming word
line PWL. (Again, in this-context, programming is referring.to as initialization of
cells 48, rather than configuration of FPMA 10.)

" MOSFET 80 is coupled at a pass gate between series input SI and input 73
of primary latch 74. The gate of MOSFET 80 is driven by a first phase scan
clock SCANCLth that selecii-véiy enables MOSFET 80 for coupling the scan - -
input st to input 73, and propagating serial data into primary latch 74.

Continuing with the elements associated with optional serial scan operation,
the channel of MOSFET 86 is coupled between output 75 of primary latch 74 and
a weak sided input of secondary latch 76. (The term "latch," as used herein, |
generally broadly denotes a circuit having a data storage capability.) The gate of
MOSEFET 86 is driven by second phase scan clock SCANCLK2 for selectively
propagating data between primary latch 74 and secondary latch 76. The output of
secondary latch 76 provides the serial output SO of memory cell 48, which drives
the serial input of the next memory cell within the associated serial chain. For
example,' a first memory cell, 48, ,, with reference to Fig. 24, receives serial input
data at its serial input SI. A first phase scan clock provides a pulse for
transferring the serial input data into primary latch 74 thereof. At the same time,
the pulse of the first phase scan clock also enables subsequent memory cells
within the serial scan chain, e.g. 48,,, to latch serial input data as received from
the serial output SO- of associated preceding memory cells, e.g. 48, .
Subsequently, a second phase scan clock provides a pulse for enabling data

transfer from the respective primary latches 74 of the memory cells to associated -
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‘secondary latches 76. In this fashion, data moves serially through the serially
connected scan chain of memory cells 48. -

MOSFET 82 provides selective coupling between write bit line WBL and
input 73 of primary latch 74. The gate is coupled to the write word line WWL
for receiving a write enable signal. When enabled, MOSFET 82 intercouples the
write bit line WBL to input 73 for writing data into primary latch 74. As
described hereinbefore with reference to Figs. 2A and 2B, write bit line WBL of
memory cell 48 is tied to its associated internal column write bit line 58, while. the
~ write word line WWL is aﬂdressably dﬁveﬁ by an associated address unit 20.

Data of internal write bit line 58 is transferred into primary latch 74 via MOSFET
82 when the associated write word line WWL is addressably selected per its
associated address unit 20 (Figs. 1A, 1B and 1D). -

MOSFET. 84 has its channel coupled serially between ground and input 73
of primary latch 74. The gate of MOSFET 84 is driven by a reset signal RST
which selectively couples input 73 to ground. During this reset condition, the data
of primary latch 74 is cleared. Alternatively, although not shown, MOSFET 84
selectively couples input 73 to a positive supply 73 for setting primary latch 74 to

an opposite state during a reset condition.

Buffer 88 (possibly an inverter) has its input coupled to output 75 of

~ primary latch 74 and drives selectively gated MOSFET 90. MOSEET 90 has its
channel disposed between the output of buffer 88 and an internal read bit line _
RBL of its associated column, e.g. internal read bit line 56,, of Figs. 2A and 2B,

' the gate of MOSFET 90 is coupled to read word line RWL for receiving a read
enable signal for selectively coupling the output of buffer 88 to read bit line RBL, _
for propagating data from memory cell 48 onto its associated internal read bit line
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56. With reference to Figs. 1A, 1B, 1D, 2A, 2B and 3, an associated address unit
20 receives a read address from address bus 28 for addressably selecting a given
read word line RWL of read word lines 298. All passgates, MOSFETs 90, of an
associated row memory cells 48 are enabled together for propagating data thereof
onto respective internal read bit lines 56.

Accordingly, memory cell 48 has a plurality of input ports, i.e. PUSHIN,
POPIN, PBL, SI, WBL and RST, from which to receive data for updating primary
latch 74.. Likewise, memory cell 48 has a plurality of output ports, i.e. SO, RBL,
PUSHOUT, and POPOUT, for sending out data as stored therein. (The above
incorporated Application entitled "A SYSTEM FOR IMPLEMENTING WRITE,
INITIALIZATION; AND RESET IN A MEMORY ARRAY USING A SINGLE
CELL WRITE PORT" discloses a single write port-cell with selection circuitry to

maintain many of these functions using only a single write port.)

In the memory cell-embodiment described above, secondary latch 76 was
associated solely with LSSD serial scan operation. In an alternative configuration,
with reference to Fig. 4, memory cell 48” permits storage of two data bits therein
for providing an improved memory density. However, this alternative memory
cell configuration 48’ compromises serial scan functionality. Because of the dual
phase clocking requirements associated with serial scan operation, only one data

bit per memory cell 48 can be associated with the serial scan functionality.

In this alternative memory cell configuration, secondary latch 76 includes
secondary push, pop, program, write, reset inputs that are selectively coupled to
input 73° of secondary latch 76 in accordance with associated push, pop, program,
write and reset enable signals. Note, that the push/pop enable signals (not shown

in Fig. 4) are actually present in respectivé adjacent transfer cells. The output 75’



-28-

| of secondary latch 76 similarly drives secondary read, push and pbp outputs per
~ common respective read, push/pop enable output signals. Accordingly, the
altemativ,ely configured memory cell 48’ operates the same as described before
during serial scan operation, but provides additional storage density for the other
memory functionalities. '

Transfer Cell:

As discussed hereinbefore with reference to Figs. 2A- and_2B, transfer cells
50 shift data vertically up, or down, respective columns of memory cells. With
reference to Fig. S, transfer cell 50 inéludes a transfer latch 92 which has a strong
sided output 96 and weak sided input 94. When the weak sided.input 94 receives
data from a strong output source, for example, oﬁtput 75 of primary latch 74 of a
given memory cell 48 (Fig, 3), the transfer latch 92 updates its étrong sided outpuf
96 in accordance with the data received at its weak sided input 94. MOSFETS 98
and 100 in combination with transfer latch 92 enable shifting of data upwaid,
between two vertically adjacent mémory cells. MOSFET 98 has its channel
disposed between input 94 of transfer latch 92 and push input node 97. The gate
of MOSFET 98 is driven by a first phase push clock PUSHCLK1 that selectively
couples push input 97 to the weak sided input 94 of transfer latch 92.
Accordingly, data provided by the push output of a memory cell 48 therebelow,
for example memory cell 48, ,, is then transferred to transfer latch 92 when |
MOSFET 98 is enabled per the first phase push clock PUSHCLK1. In a second
-étep, a second phase push clock PUSHCLK2 enables MOSFET 100 for
propagating data from the strong sided output 96 of transfer latch 92 to the push
output PUSHOUT 99 which drives the push input of the associated adjacent

memory cell thereabove within the same column, for example, memory cell 48, ;.
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In a similar fasl;ion, MOSFETS 102 and 104 enable downwardly transfer
of data from one memory cell to a vertically adjacent memory cell therebelow
when driven by respective first and second phase pop clocks, POPCLK1 and
POPCLK?2 respectively. MOSFET 102 is disposed with its channel betWeeh the
weak sided inpﬁt 94 of transfer latch 92 and a pop input node 101 which is
coupled to the pop output of a vertically adjacent memory cell of the same column
thereabove. The gate of MOSFET 102 is driven by the first phase pop clock,
.POPCLKI, for selectively coupling node 101 to input 94 of transfer Iétch 92 so as
to ena_bquransfer of pop data from the vertically adjacent memory cell thereabove
into latch 92. MOSFET 104 has its gate driven by the second phase pop- clock,
POPCLK?2, for selectively coupling the strong sidcd output 96 of transfer latch 92
~ to the pop output node 103 so as to enable propagation of data from transfer latch
92 to a vertically adjacent memory cell therebelow. For example, transfer cell
50,, (Fig. 2B) receives data from the pop output of memory cell 48,, (not shown)
when first i)hase poi) clock enables its associated MOSFET 102. Transfer cell
50, subsequently transfers this data to the pop input of memory cell 48, ; by
enabling its associated MOSFET 104 per a second phase pop clock. When neither
the push ¢lock nor the pop clocks are asserted, each of the MOSFET devices of
the transfer cell provides an open circuit, high impedance, tri-state output
condition. - As noted hereinbefore, in a particular embodiment of the present
invention, shifting of data vertically within the respective memory sub-arrays is
not provided and, accordingly, the transfer cells 50 are not included within FPMA
10.

Having disclosed the various elements of memory sub-array 12, the next
' portion of this disclosure describes other programmable resources associated with

routing data to and from the various memory sub-arrays of FPMA 10.
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Bit Line Routing Matrix:

With reference to Figs. 1A-1C and 6A-6E, each bit line routing matrix 14
of FPMA 10 selects specific data lines of the-various bit line structures
30,32,34,36 for propagating data towérd secondary 1/O bus 38. The bit line
routing matrix 14 includes a read bit line switching matrix portion 106 (Fig. 6A),
a write bt line switching matrix portion 116 (Fig. 6B), a push switching matrix

" portion 126 (Fig. 6C), a pop switching matrix portion 136 (Flg 6D), and a
programming bit line switching matrix portion 146 (Fig. 6E). Each of these
switching matrix portions route data of the respective read, write, push, po;i and
programming data line structures 30,32,34, and 36 respecﬁvely of an associated
memory sub-arrdy, to the secondary I/O bus 38 or to corresponding data line
structures of a vertically adjacent memory sub-array. '

Read bit line switching matrix portion 106, in Fig. 6A, comprises N
switching matrix elements 114,-114,, whérein N is equal to a number of bits
within the width of a data word associated with memory sub-array 12. The
switching ‘matrix elements 114 each selectively couple a particular hierarchy level
of read bit lines of associated read bit line hierarchy structures, 108,-108,, to
associated read bit line interconnects 110;-110y (e.g., providing intercoupling to
read lines 40 toward I/O routing matrix 16,,, with reference to Fig. 1B) for
propagating associated read data to a corresponding I/O routing matrix 16. In
addition, each switching matrix element 114 is progrémable for selectively
éoupling a first hierarchy read bit line H1 of its associated read bit line hierarchy
structure 108 to a corresponding first hierarchy read bit line 112,-112 of an

.associated adjacent memory sub-array.
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Similarly, write bit line switching ma;rix portion 116, as shown in Fig. 6B,
has N write bit line switching elements 124,-124,, for selectively routing data from
secondary I/O bus 38 to select lines of associated write bit line hierarchy
structures 118,-118, via an associated I/O routing matrix 16. Write bit line
switching elements 124,-124, selectively couple interconnects 120,-120y (e.g.,
intercoupling from write lines 42 from I/O routing matrix 16,,, with reference to
Fig. 1B) to select hierarchy write bit lines of associated write bit lihe hierarchy
structures 118,-118,. In addition, each write switching matrix element 124
selectively intercouples the_ ﬁrst hierarchy write bit line of the write bit line
hierarchy structﬁfe 118 proximate its associated memory sub-array 12 to its
corre_éponding first hierarchy write bit line, 122,-122,, of its vertically adjacent

memory sub-array 12.

Moving to Fig. 6C, the push switching matrix portion 126 has N push
switching matri_)_c__elements_ 134,-134,, for selectively intercoupling the push data
lines of a given memory sub-array 12 to éssociated interconnects 13'0,-130N (i.e.
intercoupling push lines 44 with reference to Fig. 1B) for propagating data via I/O
routing matrix 16 from secondary I/O bus 38 into the stack associated with the
given memory sub-array 12. The push switching matrix elements 134 are
alternatively programmable for intercoupling push outputs 128,-128, to push
inputs 132,-132; respectively, enabling propagation of push data into the given
memory sub-atray as received from a vertically adjacent memory sub-array
~ therebelow. Accordingly, each memory sub-array 12 may selectively receive push
data from either the secondary I/O bus 38 via I/O routing matrix 16 and
interconnects 130, or from a vertically adjacent memory sub-array therebelow via

associated interconnects 132.
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Pop switching matrix portion 136 of Fig. 6D, is similar to the push
switching matrix portion 126, but operates in a reverse manner for popping data
off, in contrast for pushing data into, an éssociated memdry sub-array 12. Pop
outputs 14().1-140N enable propagation of pop data (along corresponding
intercoupling . pop lines 46 with reference to Fig. 1B) to secondary 1/O bus 38 via
an associated 1/O routing matrix 16. Sécondary pop outputs 142,-142,; enable
coupling to associated pop inputs of a vertically adjacent memory sub-array
therebelow. Pop inputs 138,-138 are cdupled to the pop'outputs of its associated
memory sub-array for receiving data as popped off the stack thereof._ anh
switching matrix clement 144 is operative in accordance with its associated
configuration data to selectively couple the associated pop input 138 ei_ther to f)op
outputs 140 for sending pop data toward secondary I/O bus 38, or to secondary
pop output 142. \ '

The programming bit line switching matrix portion 146, with reference to
Fig. 6E, comprises primarily selective interconnects 152, - 152, or simply
hardwired connéctions in one preferable embodiment, between the programming
bit lines 150, - 150, of one memory sub-array and resi;ective programming bit
lines 148, - 148 of an adjacent memory sub-array. Alternatively, for the first bit
line routing matrix 14,, of the vertical .stack, the programming bit line switching
matrix portion 146 provides selective intercoupling between the programming bit
lines of the state machine access port 24 and memory sub-array 12,. Inputs 150,-
- 150y of the matrix portion 146 are coupled for receiving data from. the adjacent
rhemory sub-array there below, or alternatively, from state machine access port 24.
Outputs 148,-148, of the bit line routing matrix 14 are coupled to respective lines
of programming bit line structure 36 (Fig. 1B) for sending data to its associated
memory sub-array 12. Selective interconnects 1.52!-152N provide selective

coupling between inputs 150 and associated outputs 148 in accordance with
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associated configuration data. Alternatively, those selective interconnects are
simply hard wired interconnects. -

Having broadly characterized the bit line routing matrix 14, the next
portion describes in more detail .the various switching matrix elements of the bit
line routing matrix. '

Read Bit Line Switching Element:

Wlth reference. to Fig. 7, read b1t line sw1tchmg matrix element 114 has a
plurality of inputs coupled to various hierarchy read bit lines,
RBLH,,RBLHZ...RBLHX, of an associated read bit line hierarchy structure 108 for a
given column of memory cells of a memory sub-array. The switching matrix 114
selects a particular hierarchy bit line for receiving data to be forwarded to the
secondary I/O bus. The read bit line hierarchy structure 108 for a given column
of memory cells comprises a first hierarchy read bit line RBLy,, a second
hierarchy read bit line RBLy,, and additional hierarchy lines up to a global
hierarchy read bit line RBLy,,. Generally, the first hierarchy read bit line RBL,, is
associated with a column of memory cells of a single memory sub-array 12.
Selective coupler 154, preferably a MOSFET, is selectively programmable for
interconnecting the first hierarchy read bit line RBL, of one memory sub-array to
output 112, which is coupled to a correspbnding first hierarchy read bit line of a

vertically adjacent memory sub-array. MOSFET 154 has its gate driven in
aééordance with configuration data 156. Selective interconnect 158, e.g. a
multiplexer, selectively couples one of its inputs to output 110 for propagating
read data toward associated I/O fouting matrix 16 and secondary I/O bus 38, in
accordance with its configuration data 160. The inputs of multiplexer 158 are
coupled to the respective hierarchy bit lines of the read bit line hierarchy structure
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108, inclusive of the associated first hierarchy read bit line 112 of the vertically
adjacent memory sub-array. Again, within the Figures of this disclosure, the
circles with crosses therein, for example 156 and 160, are representative of

configuration data providing associated drive signals to. their configurable devices.

To assist conﬁguratlon of the read bit line structure, bidirectional
multiplexers 162 and 164 provide selective bldlrectlonal mtercouphng between the
various hierarchy read bit lines. For example, the upper hierarchy read bit lines
RBL,;,,RBL,, may be selectively coupled to the first hierarchy read bit line _
RBLy, of a given memory sub-array 12 via multiplexer 164 per its configuraﬁon |
data, or to the first hierarchy read bit line 112 of the vertically acijacent memory
sub-array via multiplexer .162 per its configuration data. It will be understood that '
each of the above multiplexers also include configurations of selecting no inputs,
wherein the respective inputs and outputs are placed in high impedance open

circuit conditions.

Write Bit Line Switching Element:

With reference to Fig. 8, the write bit line switching matrix element 124,
similar to the read bit line switch matrix element 114, provides selective
intercoupling between the write bit line hierarchy structure 118 of a given column
of memory cells of a memory sub-array and an associated interconnect 120 of
~ intercoupling write lines 42 (Fig. 1B), for routing write data as received from ‘
secondary 1/O bus 38 via associated 1/O routing matrix 16. The write bit line
hierarchy structure 118 includes a ﬁrsf hierarchy write bit line WBL,y;, which is
associated with a given column of memory cells within a single memory sub-array

12. The first hierarchy write bit line WBLy, can be coupled per selective coupler
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166 to a corresponding first hierarchy write bit line 122 of a vertically adjaceflt
memory sub-array. | | _
Input 120 receives write data from the secondary 1/0 bus via an associated

I/0 routing matrix 16. Selective coupler 168, e.g. a 1-of-N driver, forwards this
write data §e1ectively. to one of its outputs, which outputs are coupled to respective
write bit lines of the write bit line hierarchy structure 118, inclusive of the first
hierarchy write bit line 122 of th'e-'vertically adjacent memor_y sub-array. Seléct_ive
bidirectional mdﬁplexem 170 and 172 provide selective bidirectional intercoupling
between the ﬁ'axious hierarchies of write bit lines. For exan-li)le-, the first-
| hierarchy write bit lines, WBLy;, and 122 _respec'tiVely, may be selectively
intercoupled for driving other greater hierarchy write bit lines WBLp,, WBLyy via
170 and 172. respectiveiy. Each of these multiplexers provides its respective
coupling coﬁﬁguration in accordance with its associated configuration data. As
- with the multiplexers of the read bit line sﬁtching matrix elements, the above 1-
of-N driver and multiplexers include configuration states of selecting none.

Regarding the data bit line hierarchy structures, the first hierarchy bit lines
of the hierarchy structures of a given column of memory cells of the overall
FPMA are split at each memory sub-array boundary. The bit lines of higher
hierarchy, e.g. HZ and HX, span multiple sub-arrays. For example, the second
hierarchy write bit line WBLy, preferably services two memory sub-arrays 112,
and.ll%. A selective coupler (not shown), comparable to MOSFET 166, might
'Similarly be provided for selectively intercoupling a second hierarchy write bit line
WBL, associated with the first two memory sub-arrays, e.g. 12, and 12,, with a
corresponding second hierarchy write bit line associated w1th two subsequent
memory sub-arrays, e.g. 12, and 12,. Finally, the highest hierarchy write bit line,

for example WBL,,, preferably services all memory sub-atrays as a global bit line.
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Such hierarchy bit line structures, 108 and 118, are provided for each of the one
through N columns of the memory sub-arrays of the field programmable memory
array 10; the hierarchy structure for the read bit lines extend across the FPMA
similarly as do the write bit lines. Alternate hierarchy structures are discussed

hereinbelow.

| Push/Pop Switching Matrix Elements:

The push switching matrix elements 134, with reference to Figs 6C and 9,
each comprise two selective cbuplers, ui;stéte Buﬁ’er 174 and MOSFET 176. Tri-
state buffer 174 is disposed between input 130 and output 128. Input i30is
coupled to intercoupling push lines 44 for receiving push data from secondary 1/0
bus 38 via associated I/O routing matrix 16. Tri-state buffer 174 selectively
propagates, in accordance with its configuration data, this received push 'data to
output 128, which drives a push input of a column an associated memory sub-
array. MOSFET 176 selectively couples output 128 and input 132, fof
channelling, within a given column, push data into the push input of the associated
memory sub-array as received from the push output of a vertically adjacent

memory sub-array therebelow.

The pop data switching matrix element 144, as shown in Figs. 6D and 10,
is similar to the push switching matrix element 134 of Fig. 9, except that data
flows in an opposite direction. Pop input 138 receives data from the pop output
of its associated memory sub-array. This received data is selectively coupled to
the corresponding pop input of a vertically adjacent memory sub-array therebelow,
or may be alternatively selectively driven out output 140 toward the secondary I/O
bus 38 (Fig. 1B). Tri-state buffer 178 selectively couples fnput 138 and oufput
140, which is coupled to a select line of intercoupling pop lines 46, for
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propagating the received data toward secondary I/O bus 38 associated I/O routing
matrix 16. MOSFET 180 provides selective coupling between input_138 and
output 142, in accordance with its associated conﬁguratibn data, for propagating,
within a given column, the received data as received ﬁorﬁ the pop output of the
associated merhory' sub-atray, to the pop input of the vertically adjacent sub-array
.therebelow.

In the embodiment of the present invention wherein push/pop vertical
shifting of data is not provided within FPMA 10, the push switching matnx | ,
pé)r,ti“on 126 and ﬁép switching matrix portion 136 of bit line routihg'matrix 14 are
not provided. ' '

Programming Switching Matrix 1nterconnects:.

Preferably, the selective interconnects 152 of Flg 6E 'méy alternatively be
simple connection "wires" between respective programming bit lines of adjacent
memory sub-arrays. In a particular application of the present invention, wherein
the FPMA is employed together with a Field Programmable Gate Array, FPGA;
the programmihg bit lines are intercoupled to extend a memory space of the
FPMA consistent with an addressing capability of a state machine associated with
configuration logic of the FPGA. In other words, intercoupling of these
programming (initialization) bit lines is provided between respective memory sub-
arrays to enable programming data access to regions of the FPMA - which can be
éddressed within the addressable space of the state machine of the FPGA.
External the FPMA, the programming bit lines are associated with transferring
configuration data into configuration memory, e.g. SRAM, of the FPGA, for
configuring prograrrimable resources of the FPGA. Accordingly, the state

machine of the FPGA, during programming configuration thereof, can access a
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depth of memory. of the FPMA, via state machine access port 24 and associated
programming bit lines, as enabled per associated intercouplings 152.

Having described the selective coupling of bit lines of the sub-array bit line
structures to respective I/O routing matrices, ‘the next f)ortion of this description |
describes how the I/O routing matrices selectively intercouple the selected bit lines
to the secondary /O bus 38.

/O Rouﬁng Matrix:

As shown in Figs. 1A and 1B, the I/O routing matrices 16,-16.,,,
interconnect the intercoupling lines 40,42,44,46 for routing signals as selected by
the associated bit line routing matrices, 14,-14,,, respectively, to select lines of the
secondary I/O bus 38. Each I/O routing matrix 16, with reference to Fig. 11, has

write switches 182 and read switches 184 providing cross-coupling between the
. secondary I/O bus 38 to the intercoupling liia_es 40,42,44,46 for propagating signals
to/from. associated bit line routing matrices. Write data is sent out of the I/O
routing matrix 16 to its associated bit line routing matrix 14 by way of write line
intercoupling 42. Similarly, read data intercoupling 40 interfaces data as read
from a select memory sub-array to I/0 routing matrix 16. For embodiments of the
present invention, wherein shifting of data is provided vertically within respective
memory sub-arrays, push data is sent from I/O routing matrix 16 to an associated
memory sub-array via push intercoupling 44 and its associated bit line routing
.matrix 14. A similar pop data interface is provided by way of pop intercoupling
46.

Write switches 182 of the I/O routing matrices are employed for directing
data from the secondary /O bus toward the associated bit line routing matrix
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during functional write and push operations. In Fig. 11, only two write I/O

~ routing matrix switches 182, 182, are shown coupling data from respective
hierarchy data line structures 186,, 1.862 respectively, of the secondary I/O bus 38,
to respective write data lines of write line intercoupling 42. However, it will be
understood that N such write I/O routing matrix switches 182 are employed so
that each of the N lines of the write line intércoupling 42 can be selectively
.coupled to a corresponding higr'archy data line structures 186 of the secondary 1/O
bus 38. Similarly, although only one write I/O routing matrix switch 182, is
shown for dlrectmg data from hierarchy data line s&uctm:e 186, to a select line
of the push intercoupling' 44, it will be understood that N such write /O routing
matrix switches 182 are eﬂlployed for coupling each of the N push lines of
intercoupling 44 to associated N hierarchy data line structures 18_6 of secondary
I/O bus 38. Similar pluralities of switches are provided for intercoupling
respective signal lines of read intercoupling 40 and pop intercoupling 46 to
secondary I/0 bus 38.

The secondary I/O bus 38 has Q hierarchy data line structures
-186,,1862,.'..186(2. Each hierarchy data line structure 186 comprises a plurality of
hierarchical signal lines H1,,H1,,H2.. Hx as shown in Fig. 12. The first hierarchy
data line segmeﬁts, for example, H1,, H1,, extend along respective memory sub-
arrays and have boundaries per each memory sub-array. Pass gate 188, preferably

a MOSFET, provides selective coupling between adjacent first hierarchy data
| lines, for example H1, and H1,, in accordance with its associated COﬁﬁguration
data. The second hierarchy line H2 of the given hierarchy structure 186 extends
along a plurality of associated first hierarchy lines H1. The highest hierarchy 1/0
line Hx of the hierarchy structuré 186 provides a global 1/0 line that spans all of
its associated lower hierarchy I/O lines, and accordingly all of the associated '

memory sub-arrays of the FPMA. Each write switch 182 of an 1/O routing matrix
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16 includes from 1 to R multiplexers, 190,,190,...190;, which selectively couple
one of R signal lines, of the associated intercoupling network, e.g. 40,44, to the
particular. hierarchy 1/0 data line structure 186. R can take on a value between 1
and N, wherein N is gqual to the number of lines of the associated intercoupling
network, and corresponds to the-data width N of an associated memory sub-array.
Multiplexers 190 of the write switch 182 selectively couple a select hierarchy I/O
line of an associated hierarchy structure 186 to a select signal line of its associated
intercoupling network, e.g. 40 or 44 Each multiplexer 190 prbvides selective
intercoupling in accordance with its associated configuration data, which may

include selection of none.

The read /O routing matrix switches 184 (Fig. 13) have a topology similar
to the write 1/0 routing matrix switches 182 except that the selective multiplexers
190 are replaced by selective drivers 192 for selectively driving data from
associated read and pop intercouplings, 40 and 46 respectiw;ély, to secondary I/O
bus 38. Each selective driver 192,,192,...192,, has a plurality of outputs coupled
to the various hierarchy lines of a given hierarchy structure 186 of secondary I/0
bus 38. Selective drivers 192 provide such selective intercoupling in accordance
with associated configuration data. In one configuration state, the selective drivers
192 drive no outputs, wherein all of the outputs provide open, tri-state conditions.
Typically, only one of the R plmﬁlity of selective drivers 192, per read switch
184, provides coupling to its associated hierarchy structure 186. MOSFET 188’,
similarly as described hereinbefore with reference to MOSFET 188 of the write
switch, provicies selective coupling between first hierarchy signal lines, Hl, and

H1,, in accordance with its associated configuration data.
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In the one embodiment of the present invention, wherein vertical shifting
of data is not required within the memory sub-arrays, the pop and push resources
of the I/O routing matrix 16 are not included.

1/O Block:

With reference to Figs. 1A, 1B and 14, each I/O block 18 provides
selective intercoupling ‘between primary /O bus 26 and secondary I/O bus 38.
Again, secondary I/O bus 38 comprises Q respective hierarchy 1/O data line
structures 186,,186,...186,. Each 1/O cell 194,-194;, of a given 1/0 block 18,
includes write intercorinects 196 between particular data lines of primary I/O bus
26 and: select /O lines ‘of secondary /O bus 38." Likewise, each 1/O cell 194
includes read interconnects 198 between certain lines of primary I/O bus 26 and
~ other s!elect I/0O lines- of secondary I/0 bus 38.

‘As shown in Fig. -15, each 1/0 cell 194 has a read port 200 for propagating
data from secondary I/O bus 38 to primary I/O bus 26 via read interconnects 198,
and a write port 230 for propagating data in an opposite direction from primary
1/O bus 26 to secondary 1/O bus 38 via write interconnects 196. In its simplest
embodiment, read port 200 includes multiplexer 204 and selective driver 208
wherein input 202 of selective driver 208 is coupled directly to output 206 of
multiplexer 204. Multiplexer 204 has a plurality of inputs connected to various
T/0O signal lines of secondary 1I/O bus 38. Generally, these 1/0 signal lines are of a
hierarchy structure 186 of the secondary I/O bus 38. Accordingly, the inputs to
multiplexer 204 are coupled to the various hieraréhy signal lines of respective
hierarchy structures 186, and multiplexer 204 is controﬂed via associated
‘configuration data to selectively connect a given line thereof. Selective driver 208

selectively drives, in accordance with its associated configuration data, one of the
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read interconnects 198 with data as received at its input 202. Alternatively,
selective driver 208 may be programmed for driving none of the outputs, wherein

- the outputs are held in open, tri-state conditions.

In an alternative embodiment of read port 200, an optional latch/polarity
inversion circuit 210 is disposed between output 206 of multiplexer 204 and input
202 of selective driver 208. The latch/polarity inversion circuit 210 enables
latching of read data, in addition to selective polarity inversion. Output 206 of
multiplexer 204 is coupled to the data input of flip/flop 222, inverter 228 and a
first select input of multiplexer 224J(via 226). Multiplexer 224 receives the
normal and inverted outputs of flip/flop 222 at its second and third select inputs
respectively, and has a fourth select input driven by the output of inverter 228.
Multiplexer 224 couples one of its select inputs to the input 202 of selective driver
208 in accordance with associated configuration data. Thus, the configuration of
multiplexer 224 determines whether or not read port 200 provides Iafch and/or
polarity inversion functionality.

In Supporﬁﬁg the optional latch capability within read port 200, flip/flop
222 receives a clock input from one of a plurality of sources. Multiplexer 212
selectively intercouples a clock input from one of two I/0O lines of secondary bus
38, in accordance with its associated programming bits. The output of inultiplexer
212 drives two inputs of multiplexer 214, one directly and the other via inverter
_216. Multiplexer 220 selectively receives a read clock from one of two linés of
primary bus 26. In accordance with its programming bits, multiplexer 220
selectively couples a selected clock input for driving two additional inputs of
multiplexer 214, one directly and the other inverted via inverter 218. Multiplexer
214 in turn, selectively drives the clock input of FLIP-FLOP 222 with the invertéd
or non-inverted clock signal as received from either the primary bus or secondary
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1/0 bus, in accordance with its associated configuration state. Thus, in operation,
read port 200 drives a select line of primary I/O bus 26 with read data as received
from a select line of secondary bus 38. In alternative aspects thereof, read port
200 selectively inverts the data passing therethrough and/or latches the data per a
selectivély inverted/non-inverted: clock from either the primary bus or the
secondary bus. |

 Write port 230 is similar to read port 200, with the exception that data
moves in a reverse direction from a select line of primary /O bus 26 to a select
line of secondary bus 38. Multiplexer: 234 has a plurality of inputs coupled to
seléét lines of primary I/0 bus 26 via éésociated write iﬁterconnects 196. In one
aspect of this embodiment of read port 200, multiplexer 234 has additional inputs
hard wired to ﬁredetermined bias states, for example ground and/or V.
Multiplexer 234 selectively coi_uples éne of these various inputs, in accordance
* with its associated configuration data, to its output 236. Output 236 drives two
separate inputs of a second multiplexer 242, one directly and the other via inverter
240. Multiplexer 242 provides seleci_:ive. polarity inversion of the write data in
accordance with its associated configuration, and drives input 238 of selective
driver 232 with the selectively inverted/non-inverted write data. Selective driver
232 has a plurality of outputs coupled to respective hierarchy signal lines of an
associated write hierarchy structure 186 (Fig. 14) of secondary /O bus 38.
Selective driver 232 selectively drives one of the select hierarchy lines, in
accordance with its associated programming bits, with the write data as received at
its input 238. In one configuration state, selective driver 232 selects no outputs,

and places them in open, tri-state conditions.

In operation, with reference to Fig. 14, each of the respective I/O cells

194,,194,...194,,, of respective I/O blocks 18 are associated with corresponding
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write and read bit line hierarchy sm-lctures of secondary I/O bus 38, and are
likewise associated with corresponding write and read routing structures of
primary I/O bus 26. In accordance with associated configuration data, the I/O
cells selectively interface select signal lines of the associated bit line hierarchy
structures of the secondary I/O bus to select data line structures of primary 1/O
bus 26. The number of I/O cells, P, is equal to or greater than that of the bit
width, (N), of a sub-array word. Accordingly, the additional IO cells of an I/O
block 18 can be used to assist routing of data between various sub-arrays, or for
performing clock redistribution or other data manégement responsibili_ties.

Globally, with reference to Fig. 1A and 1B, each I/O block 18 may couple,
for example, 8 data lines from primary I/O bus 26 to associated write signal lines
of secondary bus 38, and ma;y couple an additional 8 read data lines from
secondary bus 38 to corresponding signal lines of primary /O bus 26, accordingly
providing respective read/write interfaces at the priméry I/0 bus for respective
memory sub-arrays 14. If each memory sub-array 14 is provided (via respective
bit line routing matrices 22 and 1/O rouﬁng matrices 16) read/write coupling to
respective first hierarchy signal lines of associated I/0 data line hierarchy
structures 186 of secondary bus 38, and the first hierarchy signal lines of the

.respective hierarchy structures are isolated from one another; then each memory
sub-array may be interfaced in parallel or separately with respect to other memory
sub-arrays via associated first hierarchy signal lines of the I/O bit line hierarchy

'structures 186 of secondary bus 38. Assuming each of the I/O blocks 18 provide
-r_eéd/write interconnects from the respective first hierarchy signal lines of
associated 1/0 data line structures of secondary bus 38, to independent signal lines
of primary 1/O bus 26; then the read/write data interfaces of the respective
memory sub-arrays are arranged at the primary I/O bus 26 in parallel with respect
to one another, configuring FPMA 10 as a wide RAM functional unit. As noted
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elsewhere herein, multiple wide/deep RAM configurations are possible within a

single FPMA.

In an alternative example, FPMA 10 is configured as a deep RAM functional
unit. A single I/O block, for example, couples respective upper hierarchy
read/write data lines of respective I/O data line hierarchy structures of secondary
bus 38 to associated signal lines of primary bus 26. The upper hierarchy data lines
provide global inteffaciﬁg to all memory sub-arrays 12_ of FPMA 10. Each of the
memory sub-arrays 12, accordingly, have their M words (of width N) selectively
interfaced, per appropriate independent addressing, to the common global signal
lines of the data line hierarchy structures of secondary I/O bus 38. Again, as noted
elsewhere herein, the structures of the FPMA disclosed herein support multiple

wide and/or deep RAM partitions concurrently.

It will be understood that primary I/O bus 26 comprises a multiplicity of
routing signal lines of varying extent, and/or hierarchy, for propagating data to, or
from, associated 1/0O ports (not shown), and/or other circuitry within a shared
integrated circuit. For example, in the particular application referred to
hereinbefore, wherein FPMA 10 is incorporated together with a field programmable
- gate array (FPGA), pi'imary bus 26 of FPMA 10, in one aspect, is implemented as
merely an extension of an I/0 bus of the FPGA (not shown). In an alternative
aspect, primary bus 26 of the FPMA provides a boundary interface for merely
propagating data therebetweén. Accordingly, primary I/O bus 26, in such
applications, is cross multiplexed (not shown) to the I/0 routing resources of the

FPGA.
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‘Alternative Data Interfacing Configuration:

In the disclosure provided hereinbefore, the programmable hierarchy
structures 186 of the secondary I/OI bus 38 and the programmable read/write bit
line hierarchy structures 30,32, provided essentially two degrees of freedom for
propagating data between primary 1/O bus 26 and associated columns of rhemory
cells of memory sub-array 12 of the FPMA 10. The next portion of this
description describes an alternative data routing solution, of ﬁrst and second
aspects, wherein secondary I/O bus 38, and associated read/write bit line hierarchy
structures 30,32, colIapse upon one another, eliminating one of the two degrees of
freedom for interfacing the inémory cells of the FPMA. '

" In the description described hereinbefore, with reference to Figs. 2A, 2B, 7
and 8, the read/wnté hierarchy bit line structures 108/118 each included respective
MOSFETs 154/166 f(.)r providing selective intercoupling between associated lower
order hierarchy signal lines, which lower hierarchy lines were segmented between
sub-array boundaries. In addition, selective hierarchy intercoupling multiplexers
162,164/170,172, providé selective bidirectional intercoupling between the various
hierarchy lines of the respective hierarchy structures. Selective drivers 52 and

multiplexers 54 (Fig. 2B) provided respective write and read interfacing between
select lines of the respective bit line hierarchy structures 108/118 and the
corresponding internal bit lines 56/58 of the associated memory sub-array.

In an alternative bit line hierarchy structure, intermediate hierarchy signal
lines may be overlapped, e.g. H2 of Fig. 16. In addition, the selective
intercoupling MOSFETSs between lower hierarchy segments and associated
hierarchy intercoupling multiplexers are eliminated. With reference to Fig. 16,

four memory sub-arrays 12,,12,,12,,12, are associated with respective read and
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write bit line hierarchy structures 108°,118” respectively, for interfacing data to a
given column of memory cells of the memory sub-arrays. The read.and write bit
line hierarchy structures 108°/118" each includes four separate first hierarchy
segments H1 spanning associated memory sub-arrays. The second hierarchy
segments H2 span three consecutive 'memdry sub-arrays and have respective
overlap regions (with respect to one another) spanning two memOry cells. The
third hierarchy signal lines (read and write) H3 are global bit lines that span the

four memory sub-arrays. .

As descnbed hereinbefore, with reference to Fig. 2 selective dnver 52,
selectively propagates data of its internal read bit line 561 to one of the separate
hierarchy signal lines of its associated/proximate “hierarchy structure 108,.
Accordingly, with reference to Fig. 16, the number of outputs required of selective '
driver 52 is four, but for other embodiments may be more or less. For example,
memory sub-array 12, selectively drives one of four different hierarchy segments
for sending out data as read from its associated memory sub-array 12,. Likewise,
selective coupler (multiplexer) 54, selectively couples one of the four hierarchy
segments ‘of the associated/proximate hierarchy structure 118, to internal write bit

line 58, for writing data into associated memory sub-array 12,.

The bit line hierarchy structures of Fig. 16 each includes three levels of
H1,H2,H3 hierarchy. As the number of memory sub-arrays increases, as shown in
- Fig. 17, the level of hierarchy structures likewise will increase. In Fig. 17, eight
memory sub-arrays are interfaced with associated read and write bit line hierarchy
structures 108’ and 118’ respectively, each having four levels of hierarchy
H1,H2,H3,H4. Again, the second H2 hierarchy segments overlap one another
with overlap regions spanning two memory sub-arrays. Additionally, should the

sub-array count and hierarchy signal line counts increase further, overlapping of
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additicnal intermediate hierarchy signal lines would be provic—led. ﬁ0wever, not
all hierarchies require such overlap, in alternate embodiments. -
Figs. 18A and 18B provide a more detailed representation of the read bit
line hierarchy structure 108’ and associated data paths for propagating read data
from, for example, memory sub-array 12, to a primary I/O signal line of primary
I/O data bus 26 (Fig. 15 via selective driver 208).- A given memory cell of
memory sub-array 12, is enabled, per. an associated addressed word line (not
shown), for driving data as stored therein on its associated internal read bit line
56,. Various hierarchy signal paths are available for propagating this data (as read
from memory sub-array 12,) to a read port 200° of an I/O cell 194 (Fig. 14) of its
associated I/O block 18,. For a first hierarchy level H1, data of internal read bit
line 56, is passed through inverter 244 and clocked via MOSFET 246 into latch
248, when the gate of MOSFET 246 is enabled by an associated first hierarchy
clock CLKy,. The first hiefarchy clock is generated per a read clock associated
with reading the memory sub-array (as is explained more fully hereinafter with
reference to a second aspect of this alternative data interfacing configuration).
Data of latch 248 is selectively output to read port 200° via tri-state inverter 256,
in accordance with associated configuration data. When reading a data word from
memory sub-array 12,, each tri-state inverter 256 associated with each bit of the
word is controlled in accordance with the same configuration data. Likewise, the
first hierarchy clock CLK,, is applied simultaneously to first hierarchy selective
. couplers the same as MOSFET 246 as associated with the other remaining bits in
| the word. When tri-state inverter 256 is enabled, the read data is propagated to
rcad port 200’ via the first hierarchy signal line H1 of the read bit line hierarchy

structure.
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_ The second and third hierarchy bit lines, H2 and H3 respectively, provide
alternative data paths for propagating data to read port 200°. Inverter 250 receives
data of internal read bit line 56, and forwards the inverted data to associated
MOSFET selection switches 252 and 254 respectively. MOSFET selection switch
252 comprises first and second MOSFET devices having respective channels
coupled serially between ground and the associated H2 bit line. The first
MOSFET device is enabled per second hierarchy selection configuration data.
When the gate of the first MOSFET of selection switch 252 is enabled per the
"second hierarchy selection configuration data, the second hierarchy bit line H2 is
either discharged, or (alternatively) not discharged, in accordance with the data as
read from internal read bit line 56, which controls the gate of the second
MOSFET device of selection switch 252. Similar selection switches 252 ére
provided for each of the other internal read bit lines 562,563.'..56N across the word
width of the associated memory sub-array 12, for selectively coupling data thereof
to respective second hierarchy bit lines of corresponding hierarchy bit line
structures. Each of the selection switches 252 of the same memory sub-array
share the same configuration data and accordingly, are conditionally enabled
together as a word. MOSFET selection switch 254 corresponds tb selection
switch 252 and functions similarly for driving the third hierarchy bit line H3 in
accordance with the read data of internal read bit line 56, when enabled per its
third hierarchy configuration data. MOSFET selection switches 252 and 254,
within a given memory sub-array, are selectively enabled per associated hierarchy
configuration data. For different memory sub-arrays, the selection switches 252
and 254 are selectively enabled per associated hierarchy configuration data unique
to each memory sub-array. Accordingly, tri-state inverter 256, and MOSFET
selection switches 252,254, may be thought of collectively as providing a
substitute for selective driver 52, of Fig. 2B.
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The second and third hierarchy bit lines, H2 and H3 respectively, are
precharged high via respective P-channel MOSFET devices (selectivé couplers)
258 and 260. (Internal bit line 56, as weli as first hierarchy line H1, could be
similarly pre-charged.) The MOSFET devices 258,260 provide selective coupling
of associated bit lines, H2,H3, to an upper supply for charging the bit lines in
accordance with associated second and third hierarchy precharge signals received
at the gates thereof. The charged bit lines, H2,H3, remain chérged so long as the -
respective bit Hﬁes are not dlscharged via MOSFET selection switches 252 and
254 per appropnate read data and configuration data. During a read -operation, the
precharge FETs 258 ,260. are dxsabled and the noise suppressmn P-channel
MOSFETs 262,264 are driven by respectlve inverters 266,273 for keepmg the
. associated second’ and third hierarchy bit lines charged, unless overcome by a read
diséharge operation. The channel on-resistance of the noise suppression FETs
262,264 are made greater than the combined series ON-resistance of the series
MOSFETs of the selection switches 252,254 in order that the selection switches
(per appropriate read operations) are able to discharge respective bit lines H2,H3,
overcoming the current sourcing capabilities of respective noise suppression FETs
262,264.

Inverter 266, MOSFET 268, latch 270 and buffer 272 are serially disposed
between the H2 bit line and associated second hierarchy inputs of read ports 200’
of the corresponding 1/0 cells of respective I/O blocks 18. In operation, a RAM
read clock initiates an appropriate sequence of precharge ,lsignals (é.g.,
PRECHARGE,, and PRECHARGE,, driving MOSFETs 258 and 260 respectively)
and possibly second or third hierarchy clocks (driving MOSFETS 268 and 274 .
respectively) for latching associated read bit line data into respective latches 270
or 276. Buffers 272/278 drive respeétive. second and third hierarchy inputs of

il



-51-

associated I/O blocks 18 in accordance w1th the latched data of respective latches
270/276. -

Entry to the bit line system can also be gated by the high order enable
generated by the address unit of the sub-array. |

For purposes of simplicity, the additional _6ver1apping second hierarchy bit
line of the read bit hierarchy structure 108”,-as would be associated with memory
sub-arrays 12,,12,,12,, is not shown in its overlapping relationship with the
illustrated second hierarchy bit line H2 of Fig. 14. However, it will be understood
~ that such an additional second hierarchy bit line (as described with reference to ..
Fig. 17 but not shown in Fig. 18) exists; together with associated MOSFET
selection switches, and prechaxgé/drive circuitry for driving corresponding second
hierarchy inputs of associated /O blocks. In addition, it will be understood that
memory sub-arrajs, 12,,12,,12,, have corresponding inverters 244, MOSFETs 246,
latches 248 and tri-state inverters 256, as associated with memory sub-array 12,,
for propagating. associated first bit read data of respective internal read bit lines to
corresporiding first hierarchy inputs H1 of respective 1/O blocks. The next section
describes operation of read port 200’ of an I/O cell 194 of an I/O block 18, in
further propagating read data to primary I/O bus 26.

Read port 200° of Fig. 18 is analogous to read port 200 of 1/O cell 194 of
/O block 18, (for example 1/O block 18, associated with memory sub-array 12,)
as described hereinbefore with reference to Figs. 1A, 1B, 14 and 1S. If is
understood that corresponding read ports 200’ are provided in respective 1/O
blocks, 18,,18,,18, (not shown) associated with Iﬂemory sub-arrays 12,,12,, 12,.
Tri-state buffers 256, 280, and 282 provide selective propagation of data from
respective H1,H2 and H3 hierarchy bit lines into the associated read port 200°.
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This combination of tri-state inverters may be viewed collectively as providing the
same functionality as multiplexer 204, as described hereinbefore with reference to
Fig. 15. Generally, only one of the tri-state inverters is selected, per associated
configuration data, for propagating read data through buffer 284 and to the input
of selective driver 208. Selective driver 208 drives, in accordance with its
assoclated conﬁguratlon data, a select output of its assoclated interconnects 198 to
the primary I/O bus 26 (Flgs. 1A and 1B).

. . In this alternative read data interfacing configuration of the present
invention, read data is latched into respective hierérchy latches 248,270,276 as
received from associated hierarchy b1t lines. Accordingly, the optional latch
capability of flip/flop 222 as provided in the prevmusly descnbed read port 200
as described hereinbefore with reference to Fig. 15, is not included in alternative
 read port 200°. "

_ Furthermore, this alternative data interfacing configuration for routing data
from given memory sub-arrays to the read ports of associated 1/O blocks,
eliminateé an additional degree of freedom in routing of read data, which was
otherwise provided by multiplexers 158 of bit line routing matrices 14 (Figs. 1A,
6A and 7) and corresponding read routing matri)i switches 184 of I/O routing
‘matrices 16 (Figs. 1A, 11 and 13). Thus, this alternative data hierarchy routing
embodiment reduces circuit complexity, at the cost of simplified routing

-capabilities, i.e. reduced degrees of freedom.

‘The alternative data interface for writing data into a memory sub-array, as
depicted in Fig. 19, is similar to the interface for reading data as described
hereinbefore with reference to Fig. 18. A write bit line structure 118” for a single
bit of the word width of a memory array, comprises: - a global bit line of highest
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hierarchy, H3; two intermediate hierarchy bit lines, H2, of overlapping
relationship; and four local bit lines of first hierarchy H1. These various hierarchy
bit lines provide selective coupling into the memory sub-arrays from respective
hierarchy outputs of the write ports 230 of associated 1/0 blocks. Similar write
bit line structures are provided (but are not shown) for each bit across the word
width N of the memory sub-arrays. '

It is assumed that write port 230” is of a given I/O cell 194 of I/O block
18,,-as-associated -with memory sub-array 12,. Multiplexer 234 is programmable
in accordance with associated configuration data for selectively intercoupling one
of its'p_l-mality of mputs to its associated output. The plurality of inputs 196 of
multiplexer 234 are intercoupled to select lines of primary bus 26 (Figs. 1A and
" 1B). Multiplexer 234 can also selectively provide a fixed output. The output of
multiplexer 234 is coupled to a selective polarity inversion circuit éomprisin‘g
inverter 240 in combination with multiplexer 242. The polarity inversion circuit
.selectivelly inverts the sighal passing therethrough in accordance with associated
configuration data of multiplexer 242.

The output 238 of multiplexer 242 drives the input of a selective drive
multiplexer 232, which comprises inverters 286 and 288, and tri-state inverters
290 and 292. Inverter 286 drives inverter 288 and tri-state inverters 290 and 292
per the write data received from multiplexer 242. The output of inverter 288
drives a first hierarchy H1 write bit line associated with memory sﬁb—arr‘ay 12,.
The output of tri-state inverter 290 is coupled to one of the overlapping'second
hierarchy H2 bit lines. The output.of tri-state inverter 292 drives the global
hierarchy bit line H3.
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It will be understood that for write ports 230 of the I/O blocks (not
shown), for example 18,,18,, as would be associated with overlapping”regions of
the second hierarchy bit lines, that an additional tri-state inverter (not shown) is
provided for enabling selective coupling to the other of the overlapping second
hierarchy bit lines H2. Additionally, the configuration data of a given write port
230’ is shared in common across all corresponding programmable ‘Tesources
associated with the remaining bits of the width N of the memory sub-array of the
associated T/O block (except 234, since routing may need to be more flexible as
coupling to outside interface). Multiplexer 54 selects, in accordance with its
associated configuration data, input data from one signal line of the write bit line
hierarchy structure for propagating data to internal write bit line 58, of its
associated memory sub-array. The same configuration' data is used for configuring
simiiar multiplexers 54,,54,,...54y (not shown) across the width N of the memory

sub-array.

In an alternative aspect of this embodiment, a buffer (not shown), is
included for buffering data of associated hierarchy bit lines H2 and H3 prior to
driving thé internal sub-array bit line 58,. ‘Such buffers are helpful in reducing the
node. capacitance of respective hierarchy bit lines, especially when each of the
associated memory sub-arrays are conﬁguréd with their internal write bit lines
coupled to the same hierarchy bit 1ine, e.g. H3, as is required for providing a deep
- RAM configuration for the FPMA.

In operation, multiplexer 234 receives write data from one of its inputs 19§
in accordance with its associated configuration data. This received write data is
passed to the polarity inversion circuitry 240,242 which selectively inverts the
polarity of the read data in accordance with its associated polarity configuration
data. Select drive multiplexer 232 forwards this write data to the associated first
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hierarchy H1 bit line, and selectively forwards the same write data to the second
and third hierarchy bit lines, H2 and H3 respectively, in accordance with
associated hierarchy configuration data. Multiplexer 54 in tum selects write data
from the appropriate bit line of the associated- write bit line hierarchy structure,
and forwards this write data to its internal write bit line 58,.

For purposes of simplicity, Fig. 19 does not illustrate the write ports of the
I/O blocks associated with meﬁqq sub-arrays 12,,12,,12,. Likewise, the tri-state
inverters of the write ports of the I/0 blocks are not shown as associated with
providing write data to the overlapping second hierarchy bit line H2. In addition,
it will be und'erst.ood- that each multiplexer 54 of associated memory sub-arrays
12,,12,,12; has respective first hierarchy signal lines H1 coupled for recelvmg
write data from corresponding write ports of: associated 1/O blocks (not shown).

In an alternative aspect of the present invention, each of the internal read
bit lines of the memory sub-arrays incorporates precharge/discharge data transfer
scheme similar to the precharge/discharge topology as disclosed hereinbefore with
reference to the second and third hierarchy read bit lines of Fig. 18. An addressed
word line of the memory sub-arrays would enable selective discharge of an
internal bit line in accordance with the data contents of a memory cell associated
with the internal bit line and the addressed word line. By providing such a
precharge/discharge configuration for the internal read bit line structures, the
internal memory cells of the memory sub-arrays can accordingly be made smaller
without requiring large drivers for discharging, or charging, the respective internal

bit lines.
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Alternative Read Capture Laich Topology Providing Simplified Read Bit Line
Interface: - | -

The programmable read bit line Bierarchy structure 108°, as described with
reference to Figs. 16, 17, 18A and 18B, employs separate' latches, for example
248, 270, 276, for interfacing each of the respective hierarchy bit lines to
respective hierarchy inputs of the read ports 200° of the /O cells 194 of
associated 1/0 blocks 18. In a second aspect of the alternative embodiment for
interfacing the memory sub-arrays, programmable read bit line structure 108’ '
includes an improved smgle latch placement solutlon that eliminates the

‘requirement for the multiplicity of latches.

With reference to Fig. 20, a read bit line hiefarchy structure 108’ provides
propagation of read data selectively from the memory cells of a gi\!ren column of
memory _cells of the eight different memory sub-arrays 12,, 12,,....12,, similarly as

-shown and described hereinbefore with reference to Fig. 17. Not shown in Fig.
20 is the selective coupling of the internal bit line of each sub-array to the
different associated hierarchy bit lines of the hierarchy structure proximate thereto.
Accordingly, it is understood, as described hereinbefore with reference to Figs.
2A, 2B, 16 and 17, that selective drivers 52 (or equivalents thereof) selectively
propagate data of associated internal reéd bit lines 56 to one of the separate
hierarchy bit lines of respective hierarchy structures 108’ in accordance with
_associated configuration data. Furthermore, it is again noted that bit line sfructure
108’ as shown in Fig. 20, provides data interfacing .for merely one column of
memdry cells, representative of one bit of the -N bit width of the programmable.
memory array, and that corresponding read bit line hierarchy structures 108’ are
similarly provided for each of the other columns across the width of the memory

array.
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Figs. 20 and 21 show read capture latch banks 400,, 400,... 400,
intermediate read ports 200,°, 200,’... 200’ of respective I/O blocks-and
associated with read bit line hierarcﬂy structures 108’ proximate respective
memory sub-arrays 12,, 12,....12,. Latch cells 401,, 401,...401,, of a bank 400
each have hierarchical inputs coupled to associated hierarchy bit lines of
respective read bit line hierarchy structures 108,’, 108,’...108,’. The latches
capture associated read data synchronous with respective hierarchy capture clocks
408 as generated by clock generator 404. Latched data of latch bank 400 is
forwarded to the read ports 200° of respective 1/O blocks 18 via interconnects _
402,, 402,,...402,. Clock generator 404 receives read timing signals at input 406
and'generates the respective hierarchy capture clocks 408 in accordance with
associated hierarchy configuration data.

~ Upon receiving a given hierarchy capture cldck 412, delay inverter 410
generates a delayed and inverted representation 414 of the capture clock which is
sent to clock generator 404 for clearing! the respective hierarchy capture clock. -
Accordingly, clock generator 404 in association with delay inverter 410 provides -
one shot 6peration in the generation of the capture clocks.

With reference to Fig. 22, clock generator 404 comprises a plurality of
flip-flops 418,,, 418,,....418,,, with their clock driven by respective AND gates
416. Each AND gate 416 has one input coupled to an associated hierarchy bit
line of a timing read bit line hjerarchy structure 406, and a second input driven in
accordance with associated hierarchy configuration data. Accordingly, the
associated hierarchy configuration data determine which hieraréhy capture clock
408 is to be generated, and accordingly, from which hierarchy bit line read data
will be received and latched within respéctive latch bank 400. |

il
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In operation, for example, AND gate 416,; receives a rising edge from the
associated first hierarchy timing bit line 406,,. Assuming this particular AND
gate is enabled, the rising edge is forwarded to the clock input of flip-flop 418,,.
Having its data input tied high, flip-flop 418,, transitions high, sending out a high
logic signal at its output 408, as the first hierarchy capture clock. Latch bank
400 receives the first hierarchy capture clock which enables latch bank 400 to
update its contents in accordance ‘with data on associated first hierarchy read bit
lines. Delay inverter 410, upon receiving the rising edge of the first hierarchy
capture clock, generates the delayed reset signal which is forwarded; via ° |
interconnect 414,. to the reset input of flip-flop 418, for clearing its output.
Falling edge detection can also be employed. |

In one alternative embodiment of the clock generator, flip-flops 418 have
respective SET inputs driven per asynchronous-latch-configuration data for
providing alternative asynchronous, combinational read operation in association
with read multiplexers 52 (Fig. 2B) and multiplexers 204/208 (Fig. 15). When
the SET inputs are appropriately driven, flip-flops 418 provide high output
wherein the latches operate as pas's through devices. For embodiments not
requiring asynchronous operation, these SET inputs need not be driven per
associated asynchronous-latch-configuration data and accordingly may be
disregarded or tied to fixed levels to allow normal operation.

. Fig. 23 provides greater detail of a given cell of capture latch 401. Feed
back coupled inverters 420, provide the primary latch means for receiving and _
retaining data. A plurality of MOSFETS 409 provide passgate operaﬁon to an.
input of latch 420. MOSFETS 409 have gates driven by respective hierarchy
capture clocks 408 for selectively coupling the input of latch 402 for receiving
data of associated hierarchy bit lines of read bit line hiérarchy structure 108°.
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Inverters 407 provide buffering between the respective hierarchy bit lines hi,
h2,...h4 and latch 420. Additionally, inverters 407 have sufficient drive
capabilities for altering the state of latch 420, i.e. each having a greater current
source/sink capability than that of the feed back inverter of latch 420. Finally, in
driving read port 200° of the associated 1/0 block 18, tri-state inverter 422 sends
out data representative of the retained latch data when enabled per associated latch
_.configuration data. Alternatively, tri-state inverter 422 is replaced by a simple
inverter. In operation, first hierarchy bit line hl, for example, of read bit line
hierarchy- structure 108" forwards data to inverter 407. Inverter 407 drives the
controlled channel of its associated first hierarchy passgate of FETs 409 with
output data representative of the data received from the first hierarchy bit line.
First hierarchy capture clock 408,, drive the gate of the first hierarchy FET 409
for enabling the FET to pass first hierarchy data into latch 420. For capturing
data of other hierarchy bit lines of hierarchy structure 108’, the 'res'pective
hierarchy capture clocks 408 could similarly have been activated mstead for
enabling respective MOSFETs 409 for passing respective data into latch 420.
Typically, only one hierarchy capture clock is activated at any given time for
capturiné data within latch 420 of read capture latch cell 401.

To assure that read capture latch bank 400 retains appropriate data as read
from a particular word location within an associated memory sub-array 12, an
- appropriate timing sequence must be provided for a read capture clock 406/408
relative to propagation of data along its associated hierarchy bit line. As
mentioned briefly hereinbefore, a ﬁnﬁng-read—bit—line-strﬁcture is associated with a
given "dummy" column of memory cells within the memory array, which 1:ir'nin.g-l
read-bit-line-structure is identical to read bit line hierarchy structures 108 of other
columns of memory cells in the memory array. However, instead of gating stored

(actual) data, per addressably selected word line signal, onto the associated read
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bit line structure, a known pre-loaded dummy value, e.g. a one, is gated, per the
same addressably selected word line, from a durnmy memory cell (e-g, a hard
wired memory cell net shown) to the analogous timing-read-bit-line-structure.
Accordingly, a propagation path for a read timing signal (dummy data) is provided
that corresponds to the propagation path of the associated (actual) word data.
However, instead of the various hierarchy bit lines of the timing-read-bit-line-
hierarchy-structure being coupled to an associated read capture latch intermediate
an associated read port 200°, the various hierarchy bit lines of the timing-read-bit-
line- structure 406 are coupled as inputs to _clock generator 404 for purposes of _
triggering select hierarchy capture clocks 408. Accordingly, because of the
correspoﬁding propagation paths, at the time a given hierarchy captlire clock is -
synthesized, its associated read data has propagated along corresponding hierarchy
read bit lines, through inverters 407, and arrived at the gated channels of
respective capture FETS 409. ! '

Precharge circuits, as shown in Fig. 24, are employed similarly as
described hereinbefore with reference to Figs. 18A and 18B, for precharging the
various hierarchy bit lines of read bit line hierarchy structures 108’, and for
precharging the various hierarchy bit lines of timing-réead-bit-line-hierarchy-
structure 406. Multiplexer 432 receives a select read clock from an associated
read clock distribution hierarchy structure (not shown) of address bus 28 (Fig.
1A). Multiplexer 432 selects a given input for receiving an associated read clock
in accordance with associated hierarchy configuration data. The output of
multiplexer 432 drives pulse delay oﬁe—shot circuitry 436. Precharge FET 424 is a
P-channel MOSFET that selectively couples respective bit line RBL,, to an upperl
supply voltage V4. FET 424 is selectively enabled in accordance with a
precharge signal PRECHARGE, as received from pulse delay circuitry 430.

During a read operation and upon receiving an appropriate read clock from



-61-

multiplexer 432, pulse delay circuitry 430 dﬁves the gate of FET 424 to assure
that precharge FET 424 is disabled for a duration corresponding to the capture
pulse duration of an associated hierarchy capture clock 408 as generated by
generator 404 of read capture latch bank 400 (Figs. 20-22). During the disabled
‘duration, so long as the logic state of read bit line RBL,, is high, inverter 428 will
drive the gate of noise suppression FET 426 to enable this transistor to act as a
- high resistance pull up resistor to an upper supply voltage V,, for suppressing
noise artifacts that might be picked up on the read bit line. Pre-charge is disabled
for a time. period equal to or greater than that defined by the active edge of the
read clock, and the inactive edge of the subsequent capture clock. This is longer
than the duration of the capture clock. Capture clock dependency on a timing bit
line which discharges associated bit line routing depends on precharge being off,
with the suppression circuitry guaranteeing bit line stability.

The channel ON resistance of noise suppression FET 426 is made large
enough so that when individual memory cells drive the associated read bit line,
during a read operation, the state of the associated hierarchy read bit line may be
altered. .Fof example, if a given memory cell read provides a logic one to RBth,
inverter 428 inverts the 1 and outputs a O for keeping PFET 426 in its noise
suppression condition. In contrast, if the'memory cell read provides a 0, the
current sinking capabilities of the associated hierarchy read bit line -(i.e; switches
252,254 of Fig. 18A) is greater than the current sourcing capabilities of noise
.. suppression FET 426 such that the read bit line is pulled to a logic 0 condition,
wherein inverter 428 toggles its output high. The gate bf suppression FET 426
receives the high output of inverter 428, disabling the channel thereof. It will be
understood that similar precharge circuits are employed for precharging the

hierarchy bit lines of the bit line hierarchy structures associated with all bits of the

memory array's word width.
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With reference to Fig. 25, precharge circuitry is integrated together within
a latch cell of read capture latch cell 401. In addition, extra selection PFETs
provide selective ON/OFF precharge enable functionality. A primary P-channel
MOSFET 424 has its channel disposed in series between a predetermined voltage
source Vpp and first hierarchy bit line h of the associated read bit line hierarchy
structure 108”. The gate of primary precharge MOSFET 424 is driven by first
hierarchy precharge signal PRECHARGE,;. A secondary precharge P-channel
MOSFET 434 has its channel disposed in series with the primary MOSFET 424
and has its gate driven in ac_qordance_ with associated first hierarchy precharge
conﬁguration' data (represented by the circle around the X). Inverter 407 inverts
data as reseived from the first hierarchy bit line hl and drives the gate of primary
noise suppression FET 426 accordingly Primary noise suppression FET 426
(similarly as described hereinbefore) suppresses -noise on the first hierarchy bit
line h1 during an interval wherein precharge MOSFET 424 has been disabled as
associated with a read operation per the first hierarchy bit line. Secondary
suppression FET 436 selectively gates this noise suppression functionality of the
precharge circuit in accordance with the same first hierarchy precharge
conﬁguratlon data as that driving the gate of secondary precharge FET 424. The |
remainder of latch cell 401 operates similarly as described hereinbefore with

reference to Fig. 23.

During a read cycle operation, the alternative read bit line structures and
_associated read capture latch operate as follows. Prograt_nmable memory array
receives an active edge of a read clock which is distribﬁte‘d, per an appropriately
configured read clock distribution hierarchy structure of address bus 28, to the | |
various memory sub-array address units 20 and multiplexers 432 of associated
precharge circuits. The precharge circuits accordingly drive respective hierarchy
precharge transistors as described hereinbéfore for enabling read data propagation
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on, and capturing from, associated hierarchy bit lines. Appropriate addressing per
address units 20, and associated read clock synchronization, addressably activate a
valid word line for selecting a given word of the array, at which time data of the
word is gated for propagation down respective read bit line structures. At the
same time, the addressably selected word line enables a dummy, (or timing) bit of
 the assoclated word for sending an active edge transition (timing signal) down a
respective hierarchy timing bit line path of the associated timing-bit-line- '
hierarchy-structure of the sub-array. The (actual) data as read from the given
word and the associated (dummy data) timing signa.l are sent (in parallel) down
corresponding hierarchy paths of respéctive bit line structures. For eMple,
assuming the programmable memory array is configured for employing a first
hierarchy level hl of the read bi_t line hierarchy structure, then so too Will the
timing-bit-line-structure be configured for employing a corresponding first
hierarchy bit line hl. Accordingly, during a read operation, read data flows down
an internal read bit line 56 (Fig. 2B) of a sub-array 12, and through associated'
routing structures for coupling to, and propagation down, a first hierarchy read bit
line hl. Likewise, timing (dummy) data is similarly propagated updn a
corresponcii‘ng dummy structure. The timing data is gated from an extra hard
wired (or pre-loaded) memory cell of the associated word, onto an analogous
internal "timing" bit line 56°, through a corresponding routing structure and down
a corresponding hierarchy path of the timing-bit-line-structure. Accordingly, the
ﬁniing data arrives at capture clock generator 404 (Fig. 21) at substantially the
same time that the actual data, as read from the addressed word, arrives at the
various latch inputs of latch bank 400. The rising edge i)f the timing signal, upon
being received by generator 404, triggers creation of an appropriate hierarchy | |
capture clock 408 for enabling corresponding hierarchy FETs 409 of respective
cells 401 (Fig. 23) of latch bank 400 to capture data of the word into respective
latches 420. Next, the associated hierarchy capture clock, as generated by capture

Il
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clock generator 404, is fed back (via pulSe delay block 410) to the feedback input
414 of capture clock generator 404 for clearing the respective hierarchy capture
clock. Thereafter, ﬁrecharge operation of respective precharge circuits are restored
for enabling precharge of respective hierarchy bit lines. '

In the alternative data interfacing structures for the FPMA 10 as described
hereinbefore with reference to Figs. 18A, 18B, 19 and 20, it is noted that the -
secondary 1/O bus 38 (Figs. 1A and 1B) and associated. read/write bit line
. hierarchy structures 30/32 of the first described embodiment essentially collapse
one upon the other. Accordingly, with réfer_ence to Figs. 1A and 1E, it is not
necessary to provide state machine access port 24 the two separate read ports to
secondary read port intercoupling 38’ and read bit line intercoupling 30°. Instead,
state machine access port 24, for the FPMA embodiment of the alternative da:ca
interfacing structures, requires merely a single read port coupled to the single read
bit line hierarchy structure. '

In the embodiments of the present invention as described hereinbefore with
reference to Figs. 1A, 1B, 2A, 2B, 3 and 4, separate "write" and "programming"
(initialization) access is provided to memory cells 48 of the respective memory
sub-arrays 12. Accordingly, each memory cell 48 required a separately gated
write inj)ut, MOSFET 82, and separately gated programming input, MOSFET 78,
~ coupled to respective internal write bit lines 58 and programming bit lines PBL

respectively.

Address Units:

Addressing of FPMA 10, with reference to Figs. 1A and lB, is routed
primarily along address bus 28. Address units 20 determine which of the memory
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sub-arrays 12 are addressed, and which of the respective word lines within the:
particular memory sub-arrays are accessed for sending or receiving data. With
reference to Figs. 26A, 26B, and 26C, each address unit 20 includes a read
decoder portion 296 and a write decoder portion 306. Multiplexers 318 and s1gnal
polarity inversion circuits 316 determine from which address lines of address bus
28 and of what polarity to receive address information. Inverters 314, pre-code
busses 312, 312’ and AND gates 310, 310° provide standard address decode
circuitry for activating a particular read/write word line, of respective plurality of
read/write word lines 298/300, in accordance with associated read(320,322)/write
(324,326) addressing as provided at the outputs of the multiplexer of respective
polarity inversion circuits 316. Inverters may be omiited for 320, but retained for
322.

In order to enable selection of a read word line of the plurality of read
word lines 298, high order address decoder 308 of read decoder 296 must receive
‘appropriate address data for activating high order address line 72. The high
.address decoder 308 receives address data at high read address inputs 322 as
_provided by select lines of address bus 28. Multiplexers 318 determine from
which inputs to receive this high address information. Polarity circuits 316 are
programmed (per associated configuration data) to establish a particulér high end
address by which to select high order address line 72. Once the appropriate high
~ end address is received and propagated via associated multiplexers 318 and
polarity circuits 316, high order address decoder 308 provides a high address
enable signal via line 72 for enabling decoder AND 'gate.s' 310. With reference to.
Figs. 1B and 26A, the high order address lines 72 from the respective address |
units 20 are cbupled to the associated high order address inputs of respective

memory sub-arrays 12.

M
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With reference to Fig. 2B, the high address enable signal of line 72 enables
selective drive multiplexers 52 of the associated memory sub-array-12 for
propagating read data, as read therefrom, to the associated read bit line structure.
For example, when the FPMA 10 or a portion thereof, is configured to provide
deep RAM functionality, each of the high order address decoder portions 308 will
bave respective multiplexers 318 and polarity inversion circuits 316 configured to
activate respective high order address signal lines 72 via different and unique
respective high order address data, so that each memory sub-array may be
selectively enabled independently of the other memory sub-arrays. Alternatively,
if the FPMA 10 or a portion thereof is configured to provide wide RAM
ﬁlﬂctiona_lity, (i.e. memory sub-arrays 12 in parallel side-by-side), each of the high
order address decoders 308 of respective read address decoders 296 of address
units 20 are configured, per respective multiplexers 318 and polarity inversion
circuits 316, to be addressable by a same high order address. Mulﬁplexers 318 of
the high order address decoder 308 may alternatively be configured to select from
known DC inputs for enabling, or altefnatiirely disabling, high order addressing at
all times. For example, when the memory sub-arrays are to be operated as
separate' independent memory units, it may be desired that the high order

addressing be enabled continuously.

The number of address inputs 320 applied to the low order portion of the

- read address decoder is equal to that needed to fully address M words of its

_ associated memory sub-array 12. Accordingly, M AND gates 310 selectively
drive respective'M read word lines 298. On the other hand, the number of high
order address input bits 322 corresponds to that required for uniquely addressing
the Z memory sub-arrays 12. In a simplified embodiment of the present
invention, the selective polarity circuits 316 of the low order lines 320 of the read

address decoder 296 are eliminated.
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Write address decoder 306 functions similarly to the read address decoder
296 per respective high order addressing 308’ and remaining low addressing
decoder portions. However, AND gates 310’ of the low order decoder portion
and pre-code bus 312’ include two additional secondary signal lines for
implementing reset, write enable, and clock operation. The high order write
address decoder 308’ receives associated high write addressing from high write
address inputs 324 for receiving high order addressing data to selectively enable
associated decoder AND gates 310°. The lower order write addressing decoder
portion receives associated lower order addressing data from low write address
inputs 326, Again, respective multiplexers 318’ and polarity circuits 316
determine from which addressing lines of address bus 28 and of what polarity to
receive associated address data. In the s'ixhpliﬁed embodiment of the write address
decoder, the polarity inversion circuits 316 of the write address decoder 306
associated with lines 326 are not provided. In addition, address decode can be
done using one of many known techniques. Both the inverted and non-inverted
signal lines are made available on pre-decode bus 312°. AND gates 310’ provide
standard decode circuitry for selecting a given word line 300.

With respect to Fig. 26C, the reset line 302 drives the reset input of its
associated memory sub-array 12 as shown in Figs. 1B and 2A. Multiplexer 334
determines from which of inputs 328 to receive a reset signal. Alternatively,
multiplexer 334 may select an input of a known DC level. Polarity correction

.circuit 336 determines a polarity to be associated with the reset signal.

The remaining line of pre-code bus 312’ is driven by AND géte 338.
AND gate 338 receives two signals, a clock and an enable signal. The clock
signal is received from address bus 28 via a given input of clock inputs 330 as

selected by an associated multiplexer and polarity inversion circuit. The enable
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signal is received from address bus 28 via one of a plurality of enable inputs 332

as selected by an associated multiplexer and (optional) polarity inversion circuit.

Either of the associated clock or enable multiplexers and associated polarity
inversion circuits can be programmed for enabling, or disabling, associated AND |
gate 338 continuously. Disabling AND gate 338 prohibits write functionality
within the associated memory, preventing data corruption therein and providing
read only functionality for the FPMA. AND gate 338 and its associated clock
signal provides the basis for synchronous write functionality within FPMA. 10.

The write clock signal is activated for a sufficient duration to activate a given
write word line and enable the transfer of data into the associated addressed word
location of the memory array. Inan altemative embodiment for the write decoder
306, a one-shot (not shown) is disposed between the output of AND gate 338 and
decoder AND gates 310’ for prov1dmg a one-shot pulse of sufﬁclent write
duration, upon being triggered appropriately by AND gate 338 per the write and

enable signals.

In one application, the enable signai is driven for providing respective bit
write programming of the FPMA. For example, when the FPMA, or a portion
thereof, is configured with respective memory sub-afrays side-by-side, i.e. wide
RAM, it may be required that only one word thereof receive write data at a time.
Therefore, the specific memory sub-array 12 which 1s to receive associated word
programming data is selectively enabled per its associated enable input 332.
Alternatively, the multiplexer associated with the enable 'input can be programmed
for enabling one input of AND gate 338 at all times. l

In the embodiments discussed above wherein precharge bit line structures

are implemented, read decoder 296 may have as an additional input a read clock
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which is sourced from the address multiplexer circuifry similar to that in the write
decoder. The read clock could alternatively be held active to implenrent
asynchronous functions.

Clock Units:

As mentioned hereinbefore, the field programmable memory array 10 of
the present invention can be cor;ﬁgured to operate in LIFO/FIFO, or rollover
- modes wherein the words of the various memory sub-arrays 12 are employed as a-
stack. In a LIFO operating mode, data is taken off of the stack in reverse order in’
which it is placed onto the stack, i.e. Last In First Out. In a FIFO operating
mode, data is taken off the stack in the same order in which it is placed onto the
stack, i.e. First In First Out. In a rollover operating mode, stack access is
provided via a particular word window, wherein the data of the stack is sequenced
past the access window as data is shifted within the stack. As data shifts occur
within the stack, data at the top of the étack rolls to the bottom of the stack.
Conversely, if the stack rotation is in an opposite direction, data of the bottom of
the stack is rolled to the top of the .stack. Clock units 22,,22,...22,, as shown in
Figs. 1A and 1B, are associated with memory sub-arrays 12,,12,...12, respectively
for generating associated read/write clocks and for keeping track of stack

advancements or descents.

With reference to Figs. 27A, 27B, and 27C, clock unit 22 includes push
clock splitter 340, and pop clock splitter 342. Each clocic‘ splitter has an input
multiplexer for receiving a select clock signal from one of various cloc_.k inputs |
370,372 respectively, tied to respective subsets of available address lines of
address bus 28. It will be noted that the address lines may comprise hierarchy

structures similar to the read and write bit line hierarchy structures as described



-70-

hereinbefore. Splitter 341 receives a clock signal as selected by its associated
multiplexer and generates two non-overlapping first and second phase push clock
pulses from the single clock input. .The configuration data applied to splitter 341
enable selective polarity correction (optional) of the incoming clock and mode
selection for forcing both output clocks into an inactive condition. In normal

_ operations, push clock splitter 340 provides the first and second phase push clock
signals via respective interconnects 373 and 374 respectively, to its associated
memory sub-array 12, as-shown in Fig. 2A. Likewise, pop clock splitter 342 is -
_programmable for providing two non-ovérlapping. first and second phase pop clock =
puises via pop clock outputs 376 and 378 respectively, to its associated memory
sub-array 12. As shown and described hereinbefore with reference to Fig. 2B, the
respective push and pop clock pulses drive transfer cells 50 between respective
memory cells of the associated memory sub-array for enabling vertical shifting of
data between the-memory cells. '

Clock unit 22 also includes additional circuitry for keeping track of stack
increments and decrements for "physical” LIFO/FIFO operating modes wherein
data is acfually transferred vertically within a stack as described hereinbefore, or
alternatively for keeping track of addressing sequences in a "logical" LIFO/FIFO
operating mode. In the “"logical" LIFO/FIFO operating mode, pointers keep. track
of which address location within the stack to place data, and from which address
location within the stack to extract data. Accordingly, in the "logical" operating
.modes, data is transferred in andjout of the memory stack using normal read/write
data transfers as addressed per respective pointers, without requiring vertical
shifting of data therein.

A counting system of clock unit 22 comprises essentially two address
counters 352,352’ and two boundary registers 354, 356. For physical LIFO/FIFO



-71-

operating modes, the counters are updated per respective push and pop clock
pulses. Address counter 352 receives respective increment or decrement signals
from clock control unit 348 upon appropriate triggering by respective initiation
signals received from multiplexers 344, 346. In the physical LIFO/FIFO operating
modes, these multiplexers 344, 346 select respective pop and push signals as
generated by pop and push clock splitters 342, 340. Data in counter 352 is then
compared to data of boundary register 354 or 356 for insuring against a stack
overflow. The data comparison is provided by address comparator 358. If an
overflow condition is present, address comparator 358 genemms an appropriate
overflow flag which is propagated ‘to a select line of address bus 28 via an -
associated drive multiplexer 360 for propagation outside of the FPMA.

- Multiplexers 350 and 350° enable selective coupling of appropriate reset
signals from address bus 28 to counters 352 and 352’ respectively. When
receiving a reset signal, the associated counter has its internal count reset to a.
predetermined load value as programmed into respective load registers inside the
counter. These particular internal load registeré of the counters are programmed

with given load values during boot-up configuration of the FPMA.

For logical LIFO/FIFO operating modes, address counters 352, 352’
operate as address pointers for indicatiﬁg write and read address locations of the
respective memory sub-arrays. In the LIFO operating mode, counter 352 provides

__both. the read and write addresses associated with sending data into, or receiving
data from, memory. When clock control unit 348 recei's;c.as a desbend command,
via multiplexer 344, it signalé address counter 352 to decrement its address |
register. In addition, clock control unit 348 generates an appropriate read signai

which is sent to select lines 368 of address bus 28, or alternatively one of the I/O

data buses, via associated selective drive multiplexer 381. Alternatively, in
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writing data fo the stack, multiplexer 346 receives an ascend signal from a select
line of address bus 28, and transfers this ascend command to clock control unit
348. Clock control unit 348 accordingly forwards an increment signal to address
counter 352 and a write signal to a line of address bus 28 via selective drive:-
multiplexer 380. Selective drive multiplexers 362 selectively couple the respective
LIFO read/write addressees of counter 352 to select lines 364 of address bus .28.

It will be understood that clock control units 348, 348’ provide the timing
as necessary between respective increment or decrement signals, and assoéia_ted:
write and read signals such that the appropriate read/write addresses of respective
counters are presented to the address bus in appropriate synchronizatioﬁ with |
associated read/write signals. |

For the logical FIFO operating mode, two addreés counters are required,
one counter 352 for indicating an address for writing data into the stack, and the
other counter 352’ for keeping track of which addressable memory location to
extract data. When data is written into the stack, clock control unit 348 receives
an ascend ‘command via multiplexer 346 and accordingly signals address counter
352 to increment its address count. Clock control unit 348 additionally generates
and forwards an appropriate write signal to its select line of the associated address
‘bus 28, or alternatively the I/O data bus,. via selective drive multiplexer 380.
When data is read from the stack, clock control unit 348 receives an ascend
command, via multiplexer 346°, and accordingly sends a read signal to a select
line of address bus 28, via multiplexer 382 and selective .driver multiplexer 381.
Accordingly, counter 352 provides pointer address for writing data onto the stagk,‘
while counter 352’ provides the pointer address for reading da_ta from the stack.
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Multiplexer 382 selects from which clock control unit, 348 or 348,” to
receive the read signal, in accordance with whether or not LIFO or FIFO
operation is selected. In LIFO operation, the clock control unit 348 receives both
ascend and descend commands and counter 352 provides both read and write
addresses f01-', readmg from and writing to ihe memory sub-afray. Accordingly, the
read signals sourced by clock cortrol unit 348 are coupled to multiplexer 381 via
multiplexer 382. In FIFO operation, it is a separate address counter that provides
the read address and a separate clock comtrol unit 348’ that generates the read

_signal. Accordingly, multiplexer. 382 is programmed: in an alternative state for
selecting a read signal from clock control unit 348" instead of 348.

In the case of the FIFO operating mode, address comparator 358 compares
~ the address of counter 352 against the address of counter 352’ for assuring that

* one address (either read or write) does not overrun the other address. Should one
address overrun the other, address comparator 358 has an output coupled back to.
clock control units 348 and 348’ for signaling an overflow condition, whereupon
the clock units may be disabled for preventing stack corruption. Address
éomparator 358 also compares the addresses of respective counters associated
boundary registers 354 or 356. When a given address counter reaches an
associated boundary value, the address comparator 358 generates an appropriate
flag which is forwarded to a select line of address bus 28 via a selective drive
multiplexer 360 and.lines 366. In one particular embodiment of the present
invention, the flag is propagated to external circuitry, e.g. a configured FPGA,
which may then acknowledge the boundary condition an& provide a reset signal
via multiplexers 350 or 350° to the appropriate address counter 352 or 352°. In |
this fashion, the stack may be recycled in the FIFO operating mode.
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Note, that a clock unit is preferably provided for each memory sub-array
12, as shown in Fig. 1. Alternatively, fewer clock units may be provided in
alternate embodiments, resulting in decreased flexibility but decreasing costs in
devices and area. Accordingly, separate LIFO or FIFO units may be configured in
each of the memory sub-arrays.. However, it is only neceséary to have at least one
such clock unit for the combination ‘of memory sub-arrays, wherein a group of
sub-arrays are combined together to provide an enlarged stack. Accordingly, the
address counters and associated boundary registers have a sufficient number of
bits for fully addressing a stack comprising all Z memory sub-arrays.

The clock units themselves can be configured via configuration data to
support multiple array sizes ‘(2" words). This would include a capability to .
program read)write address compare systems (e.g., 358) to compare only pertinent
address bits and gate the appropriate number of address bits to the address buses
of the FPMA.

State Machine Access Port:

State machine access port 24, with reference to Figs. 1A, 1E, 28A and
28B, provides an alternative direct access to the FPMA. In one particular
application, a state machine of configuration logic of a known FPGA accesses the
_ memory array as a cache for storing programming data which the state machine
will subsequently retrieve for reprogramming various resources of the field
programmable gate array. Flip/Flops 398 latch data as read from field .
programmable memory array 10 and output this latched data to the state machine
read port 386. In the particular embodiment of the present invention, wherein the
FPMA 10 includes both read bit line intercoupling 30* and secondary /O

intercoupling 38’, multiplexers 392 selectively couple flip/flops 398 for receiving
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read data from one of the two alternative paths. Accbrdingly, when the FPMA is
being used for FPGA configuration -cache storage as discussed aboves-the
associated cache inemory sub-array need not be limited to the physically adjacent
memory sub-array, 12,. Indeed, for example memory sub-arrays 12,, 12,...12,,
could be configured for serving as the cache memory with access thereto being
provided by the alternative secondary I/0 bus 38 via the secondary read port
intercoupling 38°. In the alternative embodlment of the present invention, wherein
the secondary 1/O bus 38 and the read bit line hierarchy structures 30 collapse one
upon the other (as described hereinbefore with reference to Figs. 16-19 and 20- |
25), multiplexers 392 may be eliminatxed..and- the inputs of flip/flops 398 coupled
directly to the alternative embodiment read bit line hierarchy structures.

_ When readipg data via the state machine access port from FPMA 10 (Fig.
1A), an address is presented to address port 300 (Figs. 1E and 28B) of state
machine access pbﬁ 24. Selective drive multiplexers 396 forward the address data
to select lines of address bus 28 via the address interconnect 28, Subsequently,
read data of the addressed field programmable memory array, in the multiple read
port embodiment, passes through one of the alternative data paths as selected by
multiplexers 392, and is received at the inputs of flip/flops 398. A read strobe is
then applied, via strobe input 384, to the flip/flops for capturing the read data as

retrieved from the field programmable memory array.

. To store data (e.g. initialization .data) into the FPMA 10 via state fnachine
access port 24, the state machine of the FPGA (not shoxi;n) for example, presents
data to the programming bit line interconnects 388 which are coupled to the |
programming bit line intercoupling. 36’ of the FPMA. 10 via bit line interconnects
394. As mentioned hereinbefore, the programming bit line bus 36 provides direct

access to memory cells 48 of the memory sub-arrays 12 as addressed in
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accordance with associated programming word lines. Accordingly, standard
address decoding circuitry (not shown) decodes associated programming addresses
and drives select programming wordlines 302 (Fig. 1B, and PWLs of Figs. 2A
and 2B) for enabling data transfer into the desired memory cells 48.

An embodiment of the invention enabling asynchronous operation of the
.above disclosed array is presented. ' '

In synchronous mode, internal read bit line network (net necessarily a
single bus) is precharged given the process outlined in prior sections and
represented by block 506 of Fig. 29 as controlled by appropriate signals. Upon
receipt of a valid word line signal at a memory cell of sub-array 124, memory cell
data is gated onto the internal read bit line network 506. Cell data either .
discharges the internal bus precharge or reinforces the precharge value (cell output
can drive in either direction). The value on the internal network is inverted via
device 502 which provides output signal 503 sourcing connections to upper
hierarchy bit lines H2,H3. In an array configured to use the first level hierarchy
H1 of the data bus, device 500 (Fig. 30) will provide transmission between its
input and output H1. Device 500 is a tristate inverter with separate N and P
transmission selection gates CNTL (N) and CNTL (P) and reversed stack order of

NFETs and PFETs to provide for minimum output capacitance at H1 in
| synchronous mdde. Tristate control of the connection between 503 and H1 obeys‘
the following truth table where SEL is a configuration bit responsible for allowing
connection of the sub-array to this hierarchy, ASYNC is a configuration bit
determining whether the read mode is asynchronous (1) or synchronou§ (0) and
HOA is the decoded high order address \.ralue (1 is active, 0 inactive) (Those
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skilled in the art will recognize that logic having inputs SEL, ASYNC and HOA;
and outputs CNTL (N) and CNTL (P) can be implemented in a number of ways.):

“ ASYNC SEL HOA CNTL (N) CNTL (P} COMMENT

0 0 0 0 1 H1l not selected

[ 0 1 0 1 H1l not selected

[} 1 [} 1 1 Synchronous mode enables N
stack only, HOA is don’‘t
care

(-
[ ]
-
[
[

Synchronous mode enables N
stack only, HOR is don’t
care

1 ) 0 0 1 H1 not selected

1 0 1 0 1 H1 not selected

1 1 [ 0 ' 1 Asynch mode, HOA not valid
1 1 1 1 0, mcgr me + HOA enables

As can be seen in the above tablé, in synchronous mode, data will be
transferred via the N stack 520 of 500 with possible discharge of bit Line H1
dependent on data value. Comnnection to upper hierarchies is made via N-stack
devices 252 and 254, and pre-charge thereof via 258 and 260, in a manner
déscribed_in previous sections (no asynchronous capability for upper hierarchies is |

provided in the embodiment depicted, although it would be possible).

Data transferred along any of 506, H1, H2, H3 can be latched at capture
latch bank 400 given a capture clock as derived by capture clock generation unit
using timing read bit line data as discussed above.

For asynchronous operation, precharge devices within blocks 504 and 506 ‘
are turned off via configuration bits. Data propagated by the memory cell sub- .
array is inverted by device 502. Given a valid high order address along with
proper SEL and ASYNC settings as defined above, device 500 provides a tristate
interface with bit line hierarchy H1 to transfer data of either polarity without
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precharge. (Longer delays are thus tolerated in asynchronous mode given the
absence of pre-charge.) Capture clock generation circuifry as previoﬁ'sly discussed
may be forced inactive via a set pin fo the set dominant DFF as controlled via
conﬁguratlon bit, allowing data from either an internal bit line or H1 to propagate
through the latch circuitry in an asynchronous manner. Asynchronous operation is
notde31gned1ntoupperlevelh1erarch1esH20rH3 mtheembodlmentdepxctedand
therefore, blocks 252 and 254 will not be enabled via configuration bit i in this
mode, although it is possible that alternative embodiments will mcorporate
asynchronous operation at higher levels of hierarchy.

It should also be noted that the internal read bit line network in the sub-
array can be a two tier communication network in the sub-array, the first tier,
connecting 16 cells, and terminating in a structure similar to 500 with gating
control provided by ASYNC and an internal x16 decode line within the address
section, and precharge controlled in a like manner to that described for block 504,
and a second tier connecting the terminus of the first tier, and providing connection
to 506 and 502.

Accordingly, what has been disclosed is a field programmable memory array
which can be configured to provide wide RAM functionality, deep RAM
functionality, multiple RAM ﬁlﬁcﬁonality, LIFO/FIFO functionality, and rollover
capabilities. ' '

In addition, the field programmable memory array was disclosed at being
employed as a local cache for an external circuit such as a field programmable gate

array.
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Memory cells of the associated memory sub-arrays were disclosed with
multiple inputs and multiple outputs, and also with optional associated transfer
circuitry for providing serial scan or vertical shift capabilities in alternate
~ embodiments.

To support various arrangements for the memory sub-arrays of the field
programmable memory array, ‘programmable data line structures of various
hierarchy and associated routing resources were disclosed for propagating data to or
from the memory cells of the field programmable memory array.

Programmable address units were also disclosed for enabling' appropriate
address decoding in support of the various memory arrangements and
functionalities. Programmable clock units were disclosed for generating the clock
signals for accessing the memory and implementing physical or Iogfcal LIFO/FIFO
functionalities within the respective memory sub-arrays.

Finally, the state machine access port was disclosed for permitting the field
programmable memory array to be accessed more directly by external circuitry, for

example, a state machine of an associated field programmable gate array.

In the absence of any expliCit language to the contrary, when a term or
phrase such as “*each X" is used herein when referring to any collection or plurality
‘of Xs, it should be understood that only two Xs are required to inifially satisfy the
collection or pllirality, and that the term or phrase such as "each X" would
therefore refer only to the Xs needed to initially satisfy the collection or plurality.
Other Xs may exist outside of the satisfied collection or plurality which may

therefore not be necessarily encompassed by the term or phrase such as "each X."
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It will be evident to one of ordinary skill in the art that there are numerous
ways of providing the connections required in the muitiplexers, switches, etc.,
discussed .above. For example, a signal path in a multiplexer could comprise a pass'
transistor, an EPROM, a fusible link or an anti-fuse which effects the desired
isolation or connection between the attached lines. A user, upon requiring a
connection through any particular structure, would then only be required to perform
the proper programming to effect the connection. A laser-program device éould
also employ optional welds at the intersection. The required connections are
provided either by including or excluding the weld. A mask-program device would
simply include or omit the relevant connections. Any structure for signal selectidn_
in which before programming, a plurality of signals are available for selection, and
after programming, one of the signals is selected and a bath provided between the
two lines, is referred to herein as a multiplexer. Thus, a muItiplexer, as used
herein and unless otherwise expressly indicated, can support unidirectional or
bidirectional connections. In addition, a single multiplexer depicted herein may
actually be a hierarchical Ihultipléxing scheme including many stages of signal
selection. A "connection,” as used throughdut herein, and unless otherwise
expressly indicated, broadly denotes either a direct, conductive connection between
conductors, or an indirect (e.g., buffered/inverted) interface in which the
information from one conductor is nevertheless supplied to the other conductor.
Similarly, an "input" or an "output" denotes either a direct or indirect (e.g.,

buffered/inverted) interface, unless otherwise expressly indicated.

The terms "enable signal, enable data, etc." as used herein, should be
broadly construed to encompass any type of signal which could effect the necessary

circuit state. Enable signals could be logic signals, clock signals, etc. In addition,
the term "signal" when used herein, may be a single signal line, or a plurality of
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signal lines, and generally denotes the presence of data necessary to effect the

proper circuit operation. , _ -

The term "array,” when used herein, broadly denotes either the éntirety of
circuits formed on an integrated circuit or multiple integrated circuits forming a
system, or any arbitrarily sized portion of the circuits in an integrated circuit or’
multiple integrated circuits forming a system. Thus, one larger array may be
considered to comprise many smaller arrays.

While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by those skilled
in the art that various other changes in form and detail may be made therein -
without departing from the spirit and scope of the invention. o
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FIELD PROGRAMMABLE MEMORY ARRAY
Claims
What is claimed is:
1. A programmable memory circuit comprising:
a memory cell for holding data; .
a ﬁr_s‘t-word line that propagates a first select signal;
a first bit line;
a first selective coupler disposed between said first bit line and said
memory cell, selectively coupling said first bit line and said memory c_ell in

accordance with said first select signal for propagating a signal
therebetween,;

an output interface connected to said memory cell for carrying a
signal from said memory cell; and

an additional data line connected to said memory cell for carrying a

signal to said memory cell.

[T
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2. A programmable memory circuit according to claim 1, wherein said
first select signal is a write enable signal and said first bit line carries data to be
stored in said memory cell when s_aid first selective ‘coupler is enabled by the write

enable signal, said output interface comprising:
a second bit line;
a second word line that propagatés' a read enable signal; and

a second selective coupler disposed between said second bit line and
said memory cell, selectively coupling said second bit line and said memory
cell for enabling reading of the data of said memory cell when enabled by
the read enable signali.

3. A programmable memory circuit according to claim 2, further |

comprising:

a third bit line for carrying alternative data to be stored in said

memory cell;

a third word line that propagates an alternative write enable signal;
and |

a third selective coupler disposed between said third bit line and said
additional data line, selectively coupling said third bit line and said
additional data line for propagating the alternative data to said memory cell
when enabled by the alternative write enable signal.

R
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4, A programmable memory circuit comprising:
a memory cell for holding data;

a plurality of word lines, each word line of said plurality of word
lines propagating an associated enable signal;

a plurality of bit lines; and

a plurality of selective couplers, each selective coupler of said
plurality of selective couplers being disposed between said memory cell and
an associated bit line of said pluraiity of bit lines, selectively coupling said
associated bit line and said memory cell for propagating a signal
therebetween when enabled by the ené.ble signal of an associated word line
of said plurality of word lines.

N0 o
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5. A programmable memory circuit according to claim 4,

wherein: : -

a reset word line of said plurality of word lines propagates a reset |
enable signal as its associated enable signal;

a reset bit line of said plurality of bit lines is coupled to a fixed
voltage source for propagating a reset levei; and

a first selective coupler of the plﬁrality of selective coupl'ers,‘
disposed betwéen said reset bit line and said memory cell, selectively
couples said memory cell to said reset bit line for storing the teset level
thereof in said memory céll when enablec_i by the reset enable signal of said

reset word line.

-—_ .
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6. A programmable memory circuit according to claim 4, wherein said
memory cell is part of a memory array associated with a Field Programmable Gate
Array (FPGA), wherein;

a state machine of said FPGA provides the FPGA access to said
IMemory array;

a program word line of said plurality of word lines propagates a
program enable signal as effected by said state machine;

a program bit line of said plurality of bit lines propagates program
data from said state machine; and

~ a first selective coupler of the plurality of selective couplers,
disposed between said memory cell and said program bit line, selectively
- -couples said cell to said program bit line for storing the program data from
said state machine in said mémory cell when enabled by the program enable

signal of said program word line.

* ¢ L M § =
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7. A programmable memory circuit according to claim 6, wherein:
a secondary word line of said plurality of word lines propagates a
secondary enable signal;

a secondary bit line of said plurality of bit lines pfopagates secondary
data of a secondary sou_rce; and

a second, ée_lective coupler of the plurality of selective couplers, |
disposed between said memory cell and said secondary bit line, selectively
- couples' said memory cell to said secondary bit line for storing the secondary
data in said memory cell when enabled by the secondary enable signal of

said secondary word line.

I
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8. A programmable memory circuit according to claim 4, wherein said
" memory cell is part of a memory array, said programmable memory circuit further

comprising:
a serial input for receiving serial input data;

a primary selective coupler disposed between said serial input and
said memory cell, for selectively propagating serial input data of said serial
input to said memory cell for storage when enabled by a primary scan clock;

a secondary memory cell for holding data; and .

a secondary selective coupler disposed between said memory cell and
said secondary memory cell, seleéctively propagating data of said memory
cell to said secondary memory cell when enabled by a secondary scan clock;

whereby said memory cell may receive data from one of said
plurality of bit lines, or alternatively from said serial input, via the
associated enable signal or the primary scan clock respectively.

| IIIIlIII ) AR 1
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9. A programmable memory circuit according to claim 8 further

comprising: -
an N-bit address input for addressing said memory array; and

an address decoder cil_'cuit, providing said associated enable signal
upon decoding a specific address of said N-bit address input.

I
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10. A programmable memory circuit comprising an array of bit/word

line addressable memory cells including: -

a first memory cell addressable per a first word line for enabling
primary data access thereto;

a second memory cell addressable per a second word line, for

enabling primary data access thereto;

a transfer cell disposed intermediate said first meinory cell and said
second memory cell for providing intermediate data storage;

a first selective coupler enabled per a first clock for selectively
coupling said transfer cell and said first memory cell, enabling data
propagation therebetween; and

a second selective coupler enabled per a second clock for selectively
coupling said transfer cell and said second memory cell, enabling data

propagation therebetween;

whereby said first and second clocks are operated sequentially for
transferring data from one of said first and second memory celis to the

other.

11. A programmable memory circuit according to claim 10, further

comprising means for providing said first clock as a first phase push clock and said

second clock as a second phase push clock in sequence for transferring data from

said first memory cell to said second menibry cell.

AN
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12. A programmable memory circuit according to claim 11, wherein:
said transfer cell has an ihpu_t for receiving data, the intermediate
data stored therein being updated in accordance with the data received at
said input, and an output for sending out data in accordance with the
_ intermediate data stored therein;

each of said first and second memory cells has an input for receiving
data, data stored therein being updated in accordance with data received at
said input, and an output for sending out data in accordance with the data
stored therein; o .

said first selective coupler is disposed between the output of said first
memory cell and the iﬂput of said transfer cell; and

said second selective coupler is disposed between the output of said

transfer cell and the input of said second memory cell.

RS Y AU
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13. A programmable memory circuit according to claim 12, further

comprising: -

a third selective coupler enabled per a first phase pop clock for
selectively coupling the output of said secondary memory cell to the input of
said transfer cell, enabling data transfer from said second memory' cell to .
said transfer cell; - |

_ a fourth selective coupler enabled per a second phase pop clock for
selectively coupling the output of said transfer cell to the input of said first
memory cell, enabling data transfer from said transfer cell to said first

memory cell; and -

means for providing the first phase pop clock and the second phase
pop clock sequentially for transferring data of said secondary memory cell to

said first memory cell.

* € L M 5 =
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14. A method of operating a FPGA and a programmable memory array,
said method including the steps of: -

configuring the FPGA, including transferring initial data from an
external data source into said programmable memory array; and

functionally operating said configured FPGA, including internally
accessing said programmable memory array.

15. A method according to claim 14 wherem said step of configurmg the
FPGA includes therewith a step of configuring the programmable memory array for
preventing writing thereto during the functional operation of said configured FPGA.

16. A method according to claim 14, wherein said step of configuring the
FPGA includes therewith a step of conﬁguring said programmabie memory array
for enabhng both reading and writing thereof during the functlonal operation of said
configured FPGA.

A
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17. A memory array cbmprising a plurality of memory cells arranged in
rows and columns, each row of memory cells having associated therewith an
addressable enable word line, and each column of memory cells having associated
therewith a bit line, each bit line providing access to memory cells of said
associated column as enabled via respective addressable enable word lines, said

memory array further comprising:

a plurality of dlscrete couplers, each discrete coupler of the plurahty
- of discrete couplers being disposed between respective adjacent memory
cells of a gwen column,

each discrete coupler being operative for selectively shlftmg data
within the given column from one of the respective adjacent memory cells to
the other in accordance with a push/pop control signal.

* [ L L] S *
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18. A memory array' according to claim 17, wherein each discrete

coupler comprises: - -

a transfer cell for storing intermediate data, said transfer cell having
an input for receiving data to update said intermediate data stored therein
and an output for sending out data corresponding to said intermediate data
stored therein; ' o

a first selective coupler disposed between said one of the 'respective
adjacent memory cells and the input of said transfer cell, said first selective
coufler receiving a first phase push/pop clock signal that selectively enables
said first selective coupler _fbr propagating data of said one of the respective
adjacent memory cells to the input of said transfer cell; and

a second selective coupler disposed between said other of the
- -respective adjacent memory cells and the output of said transfer cell, said
sécond selective coupler receiving a second phase pop/push clock signal that
selectively enables said second selective coupler for propagating data from
the output of said transfer cell to said other of the respective adjacent

memory cells.

I
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19. A memory array according to claim 18, wherein each discrete
g:oupler further comprisés:- | -
a third selective coupler disposed between said other of the respective
adjacent memory cells and the input of said transfer cell, said third selective
coupler receiving a first phase pop/push clock signal that selectively enables
.said third selective coupler for propagating data from said other of the '
" respective adjacent memory cells to the input of said transfer cell; and

a fourth selective cdupler disposed between said one of the respective
" adjacent memory cells and the output of said transfer cell, said fourth
selective coupler receiving a second phase pop/push clock signal that
selectively enables said fourth selective coupler for propagating data from
the output of said transfer cell to said one of the respective adjacent memory

cells.

R
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20. A memory array according to claim 17, further comprising:

a plurality of roll-over couplers;

each roll-over coupler of the plurality of .roll-over couplers being

associated with a given column of said plurality of memory cells;

each roll-over coupler being selectively disposed between a top
memory cell of the given column and a bottom memory cell of the given .

column in .accordanée with a roll-over mode enable signal;

said each roll-over coupler being opérative, when énabled per said
roll-over mode enable signal, for selectively shifting data within the given
column from one of said top and bottom memory cells to the other in
accordance with said push/pop control signal.

* [ L N § . *
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21. A memory array comprising a plurality of memory cells arranged in
rows and columns, each row of cells having associated therewith a word line
selectively addressable by an associated row address, and each column of cells
| having associated therewith a bit line that provides access to memory cells of said
associated column as enabled via respective word lines, said memory array further

comprising:

an address decoder having an address input for receiving an input
address, said address decoder selecting said word lines in accordance with
said input address; and |

a programmable access unit for providing read and write input
addresses to the address input of said address decoder during associated read
and write operations of said memory array, said programmablé access unit
modifying said read and write addresses during operations of said memory
array so as to provide one of Last In First Out (LIFO), or First In First Out
(FIFO), memory functionality in accordance with a mode select signal.

T
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22. A memory array according to claim 21, wherein the programmable

access unit comprises: -

a first address counter for counting write operations of said memory
array and providing in accordance with a count thereof said input address to
said address decoder during such write operations when enabled per said
mode select signal.

23. A memory array according to claim 22, wherein said programmable
access unit further compnses

a first clock control unit operative, in conjunction with said first _
address counter when enabled per said mode select signal, for controlling
the sequence of the write operations to said memory array as addressed per
the count of said first address counter, and said counting of said write

operations by said first address counter.

% ¢ L M § * .
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24. A memory array according to claim 23, wherein:

said first address counter is further operative for decrementing the
count thereof with each read operation of said memory array and providing
in accordance with said count thereof the input address to said address
decoder during such read operations when enabled per said mode select
. signal; and -

said first clock control umt is further operative, in conjunction with
said first address counter when enabled per said mode select signal, for
controlling the sequence of the read operations of said memory array as
addressed per the count of said first address counter and said decrementing
thereof;

whereby said first address counter and said first clock control unit

impart, Last In First Out, functionality to said memory array when enabled

per said mode select signal.

e
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25. | A memory array according to cla-im 23, wherein said programmable
access unit further comprises: -
a second address counter for counting read operations of said
memory array and providing in accordance with a count value thereof said
input address to said édd;ess decoder during such read operations when
enabled per said mode select signal; and '

a second clock control unit operative, in conjunction with said second
address qouilter when éﬁabled per said mode select signal, for controlling |
the sequence of the read operations of said memory array as addressed per
the count of said second address counter, and the counting of said read
operations by said second address counter;

whereby said first and second address counters and said first and
second clock control units impart First In First Out, functionality to said .

memory array when enabled per said mode select signal.

26. A memory array according to claim 25, wherein each of the first and
second address counters include a selective coupler prograromable for selectiirely
applying the associated count value thereof to the address input of said address
decoder during respective write and read operations when enabled per said mode

select signal.

T
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27. A memory array according to claim 26, wherein said programmable
access unit further comprises:

an address comparison unit for determining when a count value of at

least one of said first and second address counters matches a predetermined
at least one boundary value. '

28. A memory array according to claim 26, wherein said programmable
access unit further comprises:

an address comparison unit for determining when the count values of

" said first and second address counters correspond to each other.

29. A memory array according to claim 26, wherein said programmable

access unit further comprises:

first and second boundary address registers providing respective
boundary values; and

an address comparison unit programmable for selecting and
" comparing two values from the group consisting of said count value of said
first address counter, said count value of said second address counter, the
boundary value of said first boundary address register and the boundary |
value of said second boundary address register, said address comparison unit

determining when said two selected values correspond to each other.

I
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30. A memory array according to claim 24, wherein the first address
counter includes a selective coupler programmable for selectively applying the
count value thereof to the address input of said address decoder during write and
read operations when enabled per said mode select signal.

31. A memory array according to claim 30, wherein said programmable
access unit further comprises:

an address comparison unit for determining when a count value of
said first address counter matches a predetermined boundary value.

32. A memory array according to claim 30, wherein said programmable
access unit further comprises:
first and second boundary address registers providing respective
boundary values; and

- an address comparison unit programmable for selecting and
comparing two values from the group consisting of said count value of said
first address counter, the boundary value of said first boundary address
register and the boundary valué of said second boundary address register,
said address comparison unit determining when said two selected values

correspond to each other.

|
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) 33. A memory array according to claim 23, wherein said first clock
control unit comprises: |

a plurality of clock inputs for receiving respective clock signals;

a first selective coupler programmable for selectively propagating a
first select clock signal from one of said plurality of clock inppts;

a second selective coupler programmable for selectively propagating
a second select clock signal from one of said plurality of clock inputs; and

a programmable clock .sequencer programmable for employing one of
said first and second select clock signals to provide an increment clock to
said first address counter for effecting an increment thereof and to provide a
write clock to said memory array via said address decoder for effecting a
write operation of said memory array, said programmable clock sequencer
p-roviding. a predetermined delay between the provision of said write clock

and the provision of said increment clock.
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34. A memory array according to claim 21, incorporated with a
programmable gate array having an I/0 bus, a plurality of programmable logic
elements, a programmable interconnect selectively interconnecting said plurality of
programmable logic elements and said I/O bus, configuration memory associated
with the programmable resources of said programmabie gate array, an address bus
for addressing said configuration memory, a data bus for loading configuration data
into the configuration memory, and configuration logic for controlling access to
said configuration memory via the associated address bus and daté'bus; said

memory array further cqmprising:

programmable multiplexing means for selectively coupling said
address bus of the programmable gate array to- said address decoder of said
memory array, so that said address decoder may receive input addresses via
. said address bus.

35. A memory array according to claim 34, further comprising:
. programmable means for selectively coupling the data bus associated

with the configuration memory of the programmable gate array to said bit

lines associated with the column of memory cells of said memory array.

T
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36. A memory array according to claim 35, further comprising:

programmable means for selectively coupling said bit lines associated
with the column of memory cells of said memory array to the 1/0 bus of the
programmable gate array.

37. A memory array according to claim 36, comprising a first clock unit
having a selective coupler prpgrammable for selectively propagating write clock to
one of said address bus or said 1/0 bus.

38. A memory array of claim 21, wherein the programmable access unit

further comprises:

an address comparison unit being programmable for comparing a
portion of the read or write addresses presented thereto, the size of the
portion being determined by configuration data.

% e L M s o
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39. A programmable 1—nemory array having a plurality of memory cells
arranged in rows and columns, a row of cells having an associated word line, and a
column of cells having associated therewith a programmable bit line structure, said

programmable bit line structure of the column of cells comprising:

a plurality of local bit lines, each local bit line of said plurality of
local lines being associated with a respective sub-array group of memory
cells of said given column of cells; and

a local selective coupler between adjacent local bit ﬁnes of said
plurality of local bit lines, said selective coupler being programmable for
selectively propagating a signal therebetween.

N O I!Il'_'
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40. A programmable memory array according to claim 39, wherein said

programmable bit line structure further comprises: -

a plurality of semi-global bit lines, each semi-global bit line of said

plurality of semi-global bit lines being associated with respective segments

~ of memory cells of said column, each segment encompassing a plurality of
said sub-array groups of inemory cells;

a semi-global selective coupler between adjacent éemi-global bit lines
of said plurality of semi-global bit lines, said semi-global selective coupler
bemg programmable for selectively propagatmg a s1gnal therebetween and

a first hierarchical selective switch between each local bit line of a
given sub-array group of memory cells and the associated semi-global bit
line of the segment encompassing said given sub-array group, each first
hierarchal selective switch being programmable for selectively propagating a
signal between said associated local bit line and the respective semi-global
bit line.

-_

A O



-109-

41. A programmable memory array according to claim 40, wherein said
programmable bit line structure further comprises a global bit line associated with
said column of cells;

- and wherein each first hierarchal switch is further programmable for
seleetlvely propagatmg a signal between said associated local bit line and
one of said respective seml-global bit line and said global bit line.

42. A programmable memory array according to claim 41, wherein:

"each memory cell of each sub-array group of memory cells, as -
~associated with a given local bit line, accesses data via an associated internal
sub-array bit line; and

said ﬁrogrammable bit line structure further comprises a selective
coupler for each internal sub-array bit line, said selective coupler being
érogrammable for selectively propagating a signal between said each internal
sub-array bit line and one bit line of the group including said associated

local bit line, said associated semi-global bit lines and said global bit line.

-
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43.. A programmable memory array according to claim 42, further

-

a secondary 1I/0 bus,

and wherein said programmable bit line structure further comprises a
second hierarchal selective coupler associated with each boundary of said
sub-array groups of memory cells, each second hierarchal selective coupler
being programmable for selectively propagating a signal between the
secondary 1/O bus and one select bit line from the group comprising said
local bit lines adjacent said boundary, said semi-global bit line(s) associated
with said boundary, and said global bit line.

44. A programmable memory' array according to claim 42, wherein:

said programmable bit line structure is a read bit line structure of

said programmable memory array;

each first hierarchical selective switch comprises a one-of-N selective

driver; and

said selective coupler for each internal sub-array bit line comprises a

bidirectional coupler.
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45. A programmable memory array according to claim 44, wherein each
one-of-N selective driver includes a tri-state enable input for receiving a high
address enable signal for selectively enabling said one-of-N selective driver

associated with the corresponding sub-array group of memory cells.
46. - A program:hable memory array employing two of said programmable
bit line structures of claim 42, as a read bit line structure and a write bit line

structure respectiirt:ly of said programmable memory array, wherein:

each first hierarchical .sele_ctiQe switch of séid read bit line Su'ucwre

comprisés a multiplexer;

said selective coupler for each internal sub-array bit line of said read

! bit line structure comprises a one-of-N selective driver;

each first hierarchal selective switch of said write programmable bit

line structure comprises a one-of-N selective driver; and

said selective coupler for each internal sub-array bit line of said write

programmable bit line structure comprises a multiplexer.
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47—. A programmable intercoupling circuit of a programmable memory
array having a primary I/O bus and a secondary 1/O bus, said programmable

intercoupling circuit comprising:

a first selective coupler having an output and a plurality of inputs,
inputs of said plurality of inputs being coupled to select primary
interconnects of said pnmary /O bus interconnects, said first selective
coupler being programmable for selectively propagating a signal between
said output and one input of said plurality of inputs in accordance with a
first select signal; and |

a second selective coupler having an input electrically coupled for
receiving a signal associated with the output of said first selective coupler,
and a plurality of outputs, outputs of said plurality of outputs being.coupled
to select secondary interconnects of said secondary I/O bus, said second
selective coupler being programmable for selectively propagating a signal
between said input and one output of said plurality of outputs in accordance

with a second select signal.

48. A programmable intercoupling circuit according to claim 47, wherein
said first selective coupler comprises a multiplexer and said second selective

coupler comprises a 1-of-N driver.
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49. A programmable intercoupling circuit according to claim 47, further
comprising a programmable polarity circuit electrically disposed for propagating a
select signal between the output of said first selective coupler and the input of said
second selective coupler, said programmable polarity circuit being programmable
for selectively inverting the polarity of said select signal.

50. A programmable mtercouplmg circuit according to clalm 49, wherein
sa1d programmable polarity circuit comprises:

a third selective coupler having first and second inputs, and an output
coupled to said input of said sécond selective cbupler, said thxrd selective
coupler being programmable for selectively coupling one of said first and
second inputs to its output said first mput being coupled to the output of
said first selective coupler and

an inverter electricalI}" coupled between the output of said first

sélective coupler and the second input of said third selective coupler.
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51. A programmable read port of a programmable memory array
employing said programmable intercoupling circuit of claim 47 for propagating data
as retrieved from said programmable memory array, said programmable read port

further comprising:

a selective latching circuit disposed between the output of said first
selective coupler and the input of said second selective coupler, said
seiective latching circuit being programmable for selectively propagating

~ data to the _i_nput of said second selective coupler related to data as latched
from the output of said first selective coupler, or alternatively propagating
data to the input of said second selective coupler related directly to data of
the output of said first selective coupler, the selectivity of said selective
latching circuit being determined per a third select signal. |
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52. A programmable read port according to claim 51, wherein said

selective latching circuit comprises: -

 a third selective coupler having an output coupled to the input of said
second selective couplei', -and at least first and second inputs, one of said
inputs being selectively coupled, in accordance with said thn'd select signal,
to said output for propagating a signal therebetween; and

a flip-flop having a data input coupled to the output of said first
selective latch, an output coupled to said first input of said third selective
coupler for sending data corresponding to latched data therein, said flip-flop
. capturing, as latch data therein, data at said data input synchronous with a

latching clock signal; | S

wherein the fourth input of said third selective coupler is coupled

directly to the output of said first selective coupler.

53. A programmable read port according to claim 52; further

comprising:

an inverter coupled serially between the output of said first selective

coupler and a third input of said third selective coupler.
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54. A programmable read port according to claim 52, wherein said flip-
flop has an additional complementary output coupled to a third input.of said third
selective coupler.

55. A programmable read port according to claim 52, further comprising
a clock multiplexer having a first input coupled to receive a first clock signal from
a select primary interconnect of said primary I/O bus, and a second input coupled
to receive a second clock signal from a select secondary interconnect of said
secondary 1/O bus, said clock _m_i_xltiplexer being programmable for selectively _
propagating, in accordance with a clock select signai, one of said first and second
clock signals to said flip-flop as said latching clock signal.

56. A programmable read port according to claim 55, further comprising
means for selectively inverting at least one of said first and second clock signals in
accordance with a clock polarity select signal.
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57. A programmable intercoupling circuit of a programmable memory
array having a primary I/0 bus and a secondary I/O bus, said programmable

intercoupling circuit comprising:

a programmable read port having means for selectively propagating,
in accordance with a first select signal, a first signal from a select secondary
interconnect of said secondary I/O bus to a s'elect.primary interconnect of
said primary I/0 bus; and

‘a programmable write port havmg means for selectively propagatmg
in accordance with a second select signal, a second signal from a select

primary interconnect of said primary I/O bus to a select secondary
mterconnect of said secondary 1/O bus.

-
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58. A programmable 1/0 intercoupling circuit according to claim 57,

wherein said programmable read port comprises: -

a first multiplexer having an output and a plurality of inputs coupled
to select secondary interconnects of said secondary I/0 bus, said multiplexer
being programmable for propagating a signal between its output and one of
said plurality of inputs in accordance with a first portion of said first select
signal; and |

a second multiplexer having an input electrically coupled to the
output of the first multiplexer, and a pluralitf of outputs coufléd to select
primary interconnects of said plurality of primary interconnects, said second
multiplexer being programmable for selectively propagating a signal between
its input and one of said plurality of outputs in accordance with a second
portion of said first select signal.
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59. A programmable I/O intercoupling circuit according to claim 58,
wherein said programmable write port comprises: - '

a first multiplexer having an output and a plurality of inputs, inputs
of said plurality of inputs being coupled to select primary interconnects of
said primary I/O bus, said first multiplexer being programmable for
selectively propagating a signal between its output and one of said plufality
of inputs in accordance with a first portion of said second select signal; and

a second multiplexer having an input receiving data corresponding to
output data of said first multiplexer, and a plurality of outputs coupled to
select secondary interconnects of said secondary I/O bus, said second
multiplexer selectively coupling its input and one of said plurality of outputs
in accordance with a second .p_ortion of said second select signal.
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60. A programmable I/O intercoupling circuit according to claim 59,

wherein said programmable read port further comprises: -

a selective latching circuit disposed between the output of said first
multiplexer and the input of said second multiplexer, said selective latching
- circuit being programmable for sélectively propagating data to the input of
said second multiplexer related to data éapulred from the output of said first
multiplexer, or altemaﬁvely propagating data to the input of said second
_ '_multip,lexer related directly to data of the output of said first multiplexer, the
selectivity of said selective latching circuit being determined per a third
select signai. '
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61. A programmable I/O intercoupling circuit according to claim 60,

wherein said selective latching circuit comprises: -

a third multiplexer having an output coupled to the input of said
second multiplexer, and at least first and second inputs, one of said inputs
being selectively coupled, in accordance with said third select signal, to said
oufput thereof for propagating a signal thercbetween; .

_ ~ aflip-flop having a data input coupled to the output of said first
multiplexer, an output coupled to said firSt_input of said third multiplexer
for seﬁdhg data correspoﬁding to latched data therein, data at said data
input being latched within said flip-flop synchronous with a latching clock
signal; | | . |
the second input of said third multiplexer being coupled directly to

the output of said first multiplexer.

62. A programmable intercoupling circuit according to claim 61, further

comprising;

an inverter coupled serially between the output of said first
multiplexer and a third input of said third multiplexer.
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63. A programmable intercoupling circuit according to claim 61, wherein
said flip-flop has an additional complementary output coupled to a third input of
said third multiplexer.

64. A programmable intercoupling circuit according to claim 59, wherein
said programmable write port further comprises a programmable pdlarity circuit for
propagating a signal between the output of said first multiplexer and the input of
said second multiplexer, said programmable polarity circuit being programmable for
selectlvely inverting said signal.

65. A programmable intercoupling circuit according to claim 64, whei:ein

said p_ro_g_rammable polarity circuit comprises:

" a third multiplexer having first and second inputs, and an output
coupled to the input of said second multiplexer, said third multiplexer being -
programmable for selectively coupling one of said first and second inputs to
its output, said first input being coupled to the output of said first
multiplexer; and .

an inverter electrically coupled between the output of said first
multiplexer and the second input of said third multiplexer.
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66. A programmable address decoder combrisin‘g:
M word lines;
a plurality of address lines for propagating address data;
.a programmable inverter disposed in series with a given address line
of said plurality of address lines, said px:ogrammable inverter selectively

inverting a signal propagating along said given address line in accordance
with an address polanty select signal; and

a decoder circuit selectively driving a given word line of said M
word lines as selected in accordance with address data of sald plurality of
address lines as processed per said programmable mverter

_
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67. A programmable address decoder according to claim —66 wherein eaéh
address line of said plurality of address lines includes in series therewith, an
associated said programmable inverter, that is individually programmable in
accordance with an associated address polarity select signal for selectively mvertmg
a respective signal propagating along said each address line; and

said decoder circuit 'selectively drives said given word line as
selected in accordance thh address data of sa1d plurality of address lines as
processed per said associated _programmable inverters.

68. A programméble address decoder according to claim 66, further

comprising:

a sélective coupler having a plurality of inputs coupled to an
associated set of lines of an address bus, and an output coupled to an
address line of sald plurality of address lines, said selective coupler
selectively coupling its output to one of its plurality of inputs in accordance
with associated configuration data.

69. A programmable address decoder according to claim 66, further

comprising:

a selective coupler associated with each address line of said plurality
of address lines, said each selective coupler selectively coupling its
associated address line to one of an associated set of lines of an address bus

in accordance with associated configuration data.
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70. A programmable address decoder comprising:
| M word lines;
a plurality of address lines for propagating address data;

a decoder circuit selectively driving a given word line of said M
word lines as selected in accordance with address data of said plurality of-
address lines; and

a selective coupler having a pluralitj of inplits coupled to an
associated set of lines of an address bus, and an output coupled to an
: addréss line of said plurality of address lines, said selective coilpler
selectively coupling its output to one of its plurality of inputs in accordance
with associated configuration data.

71. A programmable address decoder according to claim 70, wherein
each address line of said plurality of address lines includes an associated selective

coupler;

said each selective coupler selectively coupling its associated address
line to one of an associated set of lines of an address bus in accordance with

associated configuration data.
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72. A programmable address decoder comprising:
M word lines;
a plurality of address inputs for receiving address data;
" an enable input for receiving an eiiable signal;
logic means for selectively driving one word lin'e'_(->f said M word
lines wheli its associated address data is receive;i at said plurahty of address

inputs and when enabled per said enable signal; and

programmable means for providing said enable signal in accordance
with an enable select signal.

73. A programmable address decoder according to claim 72, wherein

said programmable means comprises:

an enable multiplexer ha\.ring a first input coupled for receiving an
enable source signal and a second input coupled for receiving a fixed signal,
wherein said enable multiplexer provides said enable signal per one of the
.enable source signal or the fixed signal as selected in accordance with said

“enable select signal.
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74. A programmable address decoder according to claim 73, wherein
said programmable means further comprises a programmable polarity-circuit
disposed serially between said enable multiplexer and said enable input for
selectively inverting said enable signal as propagated toward said enable input in
accordance with a polarity select. signal.

75. A programmable address decoder according to claim 74, wherein
said programmable means further comprises:

.an AND gate having an output coupled to said enable input for
broviding said enable signal, a first input coupled to the output of said
programmable polarity circuit for receiving the selectively inverted signal
thereof, and a second input receiving a clock signal, said AND gate
providing at its output said enable signal for driving said enable input in

- accordance with said clock signal and the selectivity inverted signal.
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76. A programmable address decoder according to claim 75, wherein
said programmable means further comprises: : -

a clock multipll_exer' having a first input coupled for receiving a clock

signal, a second input coupled for receiving a fixed signal, and an output for

. providing said clock signal to the second input of said AND gate, said clock

multiplexer being programmable for selectively coupling its output to one of
its inputs in. aécordance with a clock select signal. .

77. A programmable address decoder according to claim 76, wherein
said programmable means further comprises:

a programmable polarity circuit 'disp(-)sed serially between said clock
multiplexer and said second input of said AND gate for selé:ctively inverting
the clock signal as propagated between the output of said clock multiplexer
and the second input of said AND gate in accordance with a second polarity

select signal.
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78. A programmable address decoder according to claim 72, further

comprising: -

a high address enable input for receiving a high address enable
signal; |

| wherein said logic means selectively drives said one word line when
its associated address data is received at said plurality of address inputs,
when enabled per said enable signal, and when enabled by said high order
address enable s1gnal

79. A ﬁr'ogrammable address decoder according to claim 78, further
comprising: |

a high order address decoder circuit having inputs selectively coupled
for receiving high order addressing data, and an output cbupled for
selectively driving said high address enable mput in accordance with said
h1gh order addressing data.

80. A programmable address decoder according to claim 79, wherein
said high order address decoder circuit comprises:

an AND gate having an output coupled for driving said high address
enable input, and a plurality of mputs for receiving said Iugh order
addressing data.
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81. A programmable address decoder according to claim 80, wherein
said high order address decoder circuit further comprises: -

.a multiplexer having an output for driving an input of said plurality
of inputs of said AND gate with data of said high order addressing data, and
at least two.inputs coupled to select lines of an address bus, said multiplexer
being programmable to couple its output to one of its inputs in accordance
with a high address select signal.

82. A programmable decoder according to claim 81, wherein said high
order address decode circuit further comprises: ) -

a programmable inverter disposed between the output of said
multiplexer and the associated input of said AND gate, said programmable i
inverter selectively inverting a signal propagating from the output of said
multiplexer to the associated inpﬁt of said AND gate in accordance with a

high address polarity select signal.
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83. A memory array employing a programmable address decoder

according to claim 79, said memory array having: -

a plurality of memory cells arranged in rows and columns, memory
cells of a given column sharing a common local bit line;

a secondary bit line structure; and

a selective driver assoéiated with each local bit line receiving local
data of said associated local bit line and driving respective lines of said
secondary bit line structure with output data corresponding to said local data
when enabled .per said high order addressing enable signal as -output by said

| high order address decode circuit.
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84. A memory array having:

a plurality of memory cells arranged in rows and columns, said rows.
of memory cells being selectable per respective word lines for loading data
therein, said plurality of memory cells sharing a common reset signal; and

a programmable address decoder having M word line outputs coupled
to the respective word lines of said plurality of rows of memory cells, a
plurality of inputs for receiving address data for addressing select word line
outpﬁts in accordance with said address data, and a reset disabl_e' input for
receiving said common reset signal, said programmable address decoder

disabling said M word line outputs in accordance with said common reset

signal.

85. A memory array according to claim 84, wherein said programmable
address decoder includes a multiplexer having an output for providing said reset
signal to said reset disable input, a first input coupled to a reset line for receiving a
preliminary reset signal, and a second input coupled to a fixed signal, said
multiplexer being programmable for selectively coupling its output to one of said

first and second inputs.
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86. A memory array according to claim 84, wherein said programmable
address decoder further comprises a programmable inverter in series with said reset
disable input for selectively inverting, in accordance with a polarity select signal

said common reset signal.
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87. A programmable memory array comprising:

a plﬁrality of memory sub-arrays, each memory sub-array including a
plurality of memory cells arranged in rows and columns, a plurality of local
bit lines wherein each column of memory cells has an associated local bit
line of said plurality of local bit lines for presenting/receiving data to/from
the niemory cells thereof, and a plurality of word lines wherein each row of - _
said plurality of memory cells has an associated word line providing a select |
signal for controlling access of the memory cells of said row to associated _
local bit lines; and |

a programmable bus matnx for selectively cdnﬁguring local bit lines

of the various memory sub-arrays;

said programmable bus matrix being programmable in a first
configuration wherein the local bit lines of one sub—array of said plurality of
sub-arrays are electricaﬁy intercoupled to corresponding local bit lines of
another sub-array of said plurality of sub-arrays so as to provide common
bit lines for the respective memory cells of the corresponding columns of

said opne and said another sub-arrays; and

said programmable bus matrix being programmable in a second
configuration wherein the local bit lines of said one sub-array of said
plurality of sub-arrays are electrically configured in parallel with
corresponding local bit lines of said another sub-array of said plurality of
sub-arrays so as to provide separate, parallel bit lines for accessing the
memory cells of the corresponding columns of said one and said another

sub-arrays.
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88. A programmable memory array according to claim 87, further

comprising:

a programmable address decoder system for receiving given address
data and driving select word lines of said plurality of word lines in
accordance with the received given address data, said programmable address
decoder being programmable in a first mode to drive as said select word
fines one word line of said one sub-array or alternatively one word line of
said another sub-array, and in a second mode to drive, as said select word
lines, one word line of sa1d one sub-array and a correspondmg word lme of
said another sub—array together.

89. A programmable memory array according to claim 88, wherein said
programmable address decoder is programmed to said first mode when said
programmablé bus matrix is programmed in said first configuratioﬂ s0 as to provide
deep RAM functionality, and said programrable address decoder is programmed to
said second mode when said programmable bus matrix is programmed in said

second configuration so as to provide wide RAM functionality.

T
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90. ) A programmable memory array according to claim 88, wherein said
programmable address decoder includes:

an address bus for propagating global address data; and

a programmable address decoder unit for each niemory sub-array,
each programmable address decoder unit comprising:

M word line outputs for driving the respective word lines of

.said rows of the associated memory sub-array;

a plurality of address inputs for receiving address data from

said address bus;
an enable input for receiving an associated enable signal; and

logic means for selectively driving one word line of said M
word lines when address data of said one word line is received at
said plurality of address inputs and when enabled per said associated

enable signal.

R O



-137-

91. A programmable memory array according to claim 90, wherein each
programmable address decoder unit forther comprises an associated high order
address decoder for providing said associated enable signal, said associated high
order address decoder including:

high order address inputs for receiving high order address data from
said address bus; and | '

programmable high order logic means for providing said associated
.enable-signal when recelvmg a given éddress at said high order address
inputs, and being programmable for establishing said given address to be
. associated with enabling its associated programmable .address decoder unit.
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92. A programmable memory array according to claim 91, wherein said
programmable high order logic means of said associated high order address decoder

comprises:

an AND gate baving an output coupled to said enable input, and a
plurality of inputs; and '

programmable select means disposed, between said address bus and
said inputs of said AND gate, said programmable selgct means being
programmable for selecting in accordance with a select signal, particular
signal lines of said address bus from which to receive said high order
addrgss data; and

programmable polarity means for selectively inverting, in accordance

with said given address to be established, the polarity of select signals as
propagated by said particular signal lines to the inputs of said AND gate.
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93. A programmable memory array according to claim 87, wherein said

programmable bus matrix includes a hierarchical bit line structure comprising:

a low level bit line associated with each column of memdry cells of

each memory sub-array of said plurality of memory sub-arrays;

a semi-global bit line associated with corresponding columns of
. memory cells spanning at least two adjacent memory sub-arrays of said
plurality of memory sub-arrays;

a low level selective éoupl_er between iow_ level bit lines of two
corresponding columns of two adjacent memory sub-arrays, said low level
selective coupler being programmable for selectively propagating a signal
therebetween; and’ |

a hierarchical selective switch disposed between each low level bit
line and the associated semi-global bit line as associated with the same
column of memory cells theréof, said each hierarchal selective switch being
programmable for selectively propagating a signal between said associated

low level bit line and the respective semi-global bit line.
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94. A programmable membry array according to claim 93, further
comprising é selective coupler for each local bit line of each memory-sub-array,
said each selective coupler being programmable for selectively propagating a signal
between its associated local bit line -and one bit line of the group comprising said
associated low level bit line and said associated semi-global bit line, in accordance
with a hierarchal select signal.

95. A programmable memory array according to claim 94, further
comprising:

a primary data bus having a plurality of signal linés for prdviding an
~ external data interface for said programmable memory array;

wherein said programmable bus matrix further comprises
progmble routing matrix means in association with each memory sub-
array, each programmable routing matrix means being programmable for
selectively intercoupling select bit lines of said hierarchal bit line structure
of each column of the associated memory sub-array to select signal lines of

said primary data bus, in accordance with associated routing select signals.

T
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96. A pfogrammable array according to claim 87, further comprising a
hierarchical address bus including: | -

a plurality of first level address lines each associated with a
respec_tive memory sub-array of th eplurality of memory sub-arrays;

a plurality of second level address lines each associated with a
respective subset of the lilurality of memory sub-arrays; and

| a-global address line associ_atéd with the plurality of memory

sub-arrays.

97. A programmable memory array according to claim 96 wherein two
of the respective subsets of memory sub-arrays have at least one memory sub-array
in common, the respective second level address lines being selectively connectable

to the at least one memory sub-array in common.
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98. A memory array comprising:

Z memory blocks, each of said memory blocks comprising a

geﬁerally rectangular sub-array of M x N uiemofy cells;

address lines @lie to each of said memory blocks;

data lines connectable to each of said memory blocks;

/0 circuiufy;. and

programming elements distfibuted within said address lines, data
lines, and 1/O circuitry such that at least one portion of said Z memory

blocks can be configured into an iM x jN memory, wherein i and j are
positive integers, by programming said programming elements.
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99. A bit line hierarchy structure for a plurality of memory units,
comprising: -
a plurality of first hierarchy bit lines, each first hierarchy bit line
being associated with a given memory unit of the plurality of memory units;

~ a plurality of second hierarchy bit lines, each second hierarchy bit
line being associated with a different respective grouping of memory units of
the plurality of memory units, each second hierarchy bit line partially
overlapping at least one other second hierarchy bit line wherein the
respective groupings of niemory units of said each second hierarchy bit line
and said one other second hierarchy bit line share a common memory unit;
and '

selective multiplexer means provided with each memory unit for

selectively coupling said each memory unit to one of its associated first and

second hierarchy bit lines.

100. A bit line hierarchy structure according to claim 99, wherein at least
one of said selective multiplexer means includes means for selectively coupling its
-associated memory unit to said one other second hierarchy bit line that partially

overlaps said associated second hierarchy bit line.
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101. A bit line hierarchy structure according to claim 99, further

comprising: -
a global bit line associated with the plurality of memory units;

. each selective multiplexer selectively coupling its associated memory
unit to one bit line of the memory unit’s associated first, second and global
hierarchy bit lines.

102. A bit line hierarchy structure according to claim 101,

wherein the plurality of memory units each include a column of
memory cells and an internal bit line for interfacing the column of memory
cells; and

each selective coupler selectively couples said one bit line to the

internal bit line of its associated memory unit.

103. A plurality of bit line hierarchy structures according to claim 102,

for interfacing respective columns of memory cells of the plurality of memory

units.
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104. A bit line hierarchy structure according to claim 102 for reading data
from the plurality of memory cells, wherein each selective multiplexer means

includes: .

discharge means for selectively discharging respective second. or
global hierarchy bit lines per data of the internal bit line of the associated
memory unit when enabled in accordance with associated configuration data.

105. A bit line hierarchy structure according to claim 104, wherein the
discharge means includes: |

first and second gateable discharge paths fof said second and global
hierarchy bit lines respectively; '

said first gateable discharge path being gated firstly in accordance
with data of said associated internal bit line, and secondly in accordance
with associated second hierarchy switch enable data; and

said second gateable discharge path being gated firstly in accordance
with data of said associated internal bit line and secondly in accordance with
associated global hierarchy switch enable data.
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106. . A bit line hierarchy strucu;re according to claim 105, wherein each
of said first and second gateable discharge paths comprises: -

a primary transistor having its gate driven in accordance with data of
said associated internal bit line; and

~ a secondary transistor baving its gate driven per respective switch
enable.dath; '

_ wherein said primary and secondary transistors have their channels
disposed serially between respective hierarchy bit lines and a known
potential discharge mode.

107. A bit line hierarchy structure according to claim 104, further

comprising:

- a precharge circuit for each of said first, second and global hierarchy
bit lines for precharging said associated bit lines to a predetermined voltage
potential.

108. A bit line hierarchy structure according to claim 107, wherein said

precharge circuit comprises:

a P-channel transistor having its channel disposed serially between a
precharge source and predetermined voltage potential and said associated
hierarchy bit line, and its gate driven by an associated hierarchy precharge

enable signal.
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109. A bit line hierarchy structure according to claim 108, wherein said

precharge circuit further comprises: : -

a secondary P-channel transistor having its channel disposed serially
between said precharge source and said associated hierarchy bit line; and

an inverter driving a gate of said secondary P-channel transistor in
accordance with data of said associated hierarchy bit line.

110. - A bit line hierarchy structure according to claim 109 wherein said
secondary P-channel transistor has a channel ON resistance greater than a source
resistance of said associated discharge means. )

111. A bit line hierarchy structure according to claim 102, further

comprising:

a selective transfer latch associated with each of said first, second
and global hierarchy bit lines for interfacing said respective hierarchy bit

lines synchronously per respective hierarchy transfer clocks.
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112. A bit line hierarchy structure according to claim 111 for reading data
from memory, wherein said selective transfer latch comprises:

o

a latch circuit having an input and output;
an inverter; and

a transistor having its channel disposed serially with said inverter |
between said assoclated hjerarchy bit line and the input of said latch, and
havmg its gate dnven by its associated hlerarchy transfer clock

113. A bit line hierarchy structure according to claim 111, employed
within a programmable read interface to said plurality of memory units, further
comprising:

a primary I/O bus having a plurality of signal lines; and

a read port having first, second and third hierarchy inputs for
receiving data from the respective transfer latches of said first, second and
global hierarchy bit lines as associated with a given memory unit, said read
port being programmable with associated read port configuration data for
selectively driving a select signal line of said primary I/O bus per data

received at one of said first, second and global inputs.

—
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114. A programmable read interface according to claim 113, wherein said

read port comprises: -

respective tri-state inverters for receiving data from each of said first,
| second and global inputs respectively of said read port, each of the tri-state
inverters being separately and selectively enabled in accordance with said
read port configuration dé.ta;' and

selective driving means having an input electrically coupled to each
output of said tri-state inverters, and selectively driving a select line of said
| primary I/O bus per said read port .configuration data.

115. A programmable read interface according to claim 114, further
comprising one of said read port similarly associated with each of the other

memory units of said plurality of memory units.
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116. A bit line hierarchy strucﬁl_re according to claim 102, employed

within a programmable write interface to said plurality of memory units, further

comprising:_
a primary I/0 bus having a plurality of signal lines; and

a write port: having first, second and global outputs éoupled to said
first, second and global hierarchy bit lines respectively as associated with a
'~ given memory unit, said write port being programmable, via associated
write port mnﬁguﬁﬁon data, for selectively dnvmg its outputs per data
received from a select signal line of said primary I/O bus. '

—_
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117. A programmable write interface according to claim 116, wherein said

write port comprises: -

selective multiplexer means for receiving data selectively ﬁom a
select signal line of said plurality of signal lines of said primary I/O bus;

a driver driving said associated first hierarchy bit line per data
received by said selective multiplexer means; and

. respective tri-state drivers for selecti\-rel'y driving each of said seeond
and global outputs respectively of said write port, each of the tri-state
drivers being separately and selectively enabled in accordance with said
write port configuration data.

118. A programmable write interface according to claim 117,

‘wherein said driver comprises a first inverter; and

said tri-state drivers comprise tri-state inverters.
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119. A programmable write interface according to claim 118, wherein said
write port further comprises: -

a second inverter disposed serially in the output' data path of said
selective multiplexer for inverting data as presented to said first inverter and
said tri-state drivers.

120. A programmable write interface according to claim 118, wherein said
write port further comprises:

programmable inversion means for selectively inverting data as

received by said selective multiplexer means.

121. A programmable write interface according to claim 117, further
comprising one of said write port similarly associated with each of the other

memory units of said plufality of memory units.
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122. A selective read capture latch for selectively inteffacing a hierarchal
bit line structure, said selective read capture latch comprising: -

at least first and second hierarchy inputs for receiving data from
respective first and second hierarchy bit lines of the hierarchical bit line
structure;

a memory unit having an ihput and output, said memory unit for
retammg data per data received at its input, and providing output data at its
output per data retamed therein; and

selective cbupling means between said at least first and second
hierarchy inputs and said input of said memory unit, for selectively coupling
one of said first and second hierarchy inputs to said input of said memory
unit for propagating data therebetween in accordance with an associated
hierarchy read capture clock.

123. A selective read capture latch according to claim 122, wherein said

memory unit comprises a latch.
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124. A selective read ::apture latch according to claim 122, wherein said
selective coupling means comprises: -
a first transistor having channel disposed serially between said first
hierarchy input and said input to said memory unit, and having a gate for
receiving a first hic_erarchy capture clock; and

a second transistor having its channel between said second hierarchy
input and said input to said memory unit, and having a gate for receiving a
second hierarchy capture clock.

125. A selective coupler according to claim 124, wherein said selective

coupling means further comprises:
- first and second buffers disposed in series with the channels of

respective said first and second transistors between the input of said memory

unit and respective said first and second hierarchy inputs.
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126. A selective read capture latch according to claim 124, further
comprising: -
precharge means for precharging at least one bit line of the
respective first and second hierarchy bit lines of the hierarchical bit line
structure in accordance with an associated precharge signal related to the
respective one capture clock of séid first -and second hierarchy capture

clocks as associated with said at least one bit line.

127. A selective read capture latch according to claim 126, where said

precharge means comprise:

~ a P-channel transistor having its channel disposed serially between a
precharge source of predetermined voltage potential and said at least one bit
line, and its gate driven by the associated precharge signal.

128. A selective read capture latch according to claim 127, wherein said

precharge means further comprises:

a secondary P-channel transistor having its channel disposed serially _

between said precharge source and said at least one bit line; and

an inverter having an inpﬁt and an output driving a gate of said
secondary P-channel transistor in accordance with data of said at least one

bit line as received at its input.

/.
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129. A selective read capture latch-according to claim 128, wherein said
secondary P-channel transistor has a channel ON resistance greater than a source

resistance associated with said at least one bit line.

130. A selective read latch according to claim 126, further comprising
means for providing said precharge signal with an active precharge duration non-
overlapping an active capture duration of the respective one capture clock.

131. A selective latch according to claim 124, further comprising:

a first inverter having its input coupled to the first hierarchy input for
receiving data of the first hierarchy bit line of the hierarchial bit line
structure, and having its output driving the channel of said transistor; and

a second inverter having its input coupled to the second hierarchy
input for receiving data of the second hierarchy bit line of the hierarchial bit
line structure, and having its output driving the channel of said second
transistor.

132. A selective latch according to claim 131, further comprising:

precharge means for precharging at least one bit line of the
respective first and second bit lines of the hierarchial bit line structure in
accordance with an associated precharge signal related to the respective one
capture clock of said first and second hierarchy capture clocks as associated

with said at least one bit line.
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133. A selective latch according to claim 132, wherein said precharge
means comprises: ' -

a p-channel transistor having its channel disposed serially between a
precharge source of a predetermined voltage potential and said at least one
bit line, and having its gate driven by the associated precharge signal.

134. A selective latch according to claim 133, wherein said precharge

means further comprises:

a selection transistor having its channel disposed serially with said p-
channel transistor between said precharge source and said at least one bit
line, and having its gate driven in accordance with associated hierarchy

configuration data.

135. A selective latch accordingly to claim 134, wherein said precharge

means further comprises:

a secondary p-channel transistor having its channel disposed serially
between said precharge source and said at least one bit 1ine, and having its |
gate driven by the output of said first inverter; and

a secondary selection transistor having its channel disposed in series
with said secondary p-channel transistor between said precharge source and
said at least one bit line, and having its gate driven the same as the gate of
said primary selection transistbr in accordance with said hierarchy

configuration data.
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136. A selective read capture latch according to claim 124, further

comprising: -

a clock generator having at least first and second read bit line timing
inputs for receiving i'espactive first and second read timing signals, at least
first and second respective capture clock outputs; and

a configuration input for receiving configuration enable data, said
clock generator providing the respective first and second hierarchy capture
clocks as triggered'per. the respective first and second read timing signals
and as enabled per the configuration enable data. |
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137. A selective read capture latch according to claim 136, wherein said
clock generator comprises: -

a first AND gate having one input as said first read bit line timing
input for receiving the first read timing signal, a second input as a part of
said configuration input for receiving first hierarchy clocking enable data of
said configuration enable data, and an output for providing a gated first read
timing signal; | | |

a first Flip-Fldp having its clock driven bsr the gated first read timing
signal from the output of said first AND gate, its data input coupled toa
pre-determined voltage source, and its output coupled to the gate of said
first transistor for providing that first hierarchy capture clock;

a second AND gate having one input as said second read bit line
timing input for receiving the second read timing signal, a second input as a
further part of said configuration input for receiving second hierarchy
clocking enable data of said configuration enable data, and an output for
providing a gated second read timing signal; and

a second Flip-Flop having its clock input driven by the gated second
read timing signal from the output of said second AND gate, its data input
coupled to the predetermined voltage source, and its output coupled to the
gate of said second transistor for providing the second hierarchy capture

clock.
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138. A s-elective read capture latch according to claim 137, wherein said
clock generator further comprises delay means for feeding back a delayed reset
signai to a reset input of at least one of said first and second Flip-Flops after a
predetermined delay upon receiving an associated one capture clock of said first and
second hierarchy capture clocks.. -
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139. A programmable memory array having a plurality of memory 'cellé
arranged in rows and columns, each row of cells having an associated addressable
word line, and each column of cells having associated therewith a programmable bit
line structure,. said programmable bit line structure comprising:

a plurality of fii'st hierarchy bit lines, each of at least two first |
hierarchy bit lines of said plurality of first hierarchy bit lines being
associated with a respective sub-array group of memory cells of said given
column of cells;

- a second hierarchy bit line associated with a respective segment of
memory cells of said given column, said segment encompassing said sub-
array groups of memory cells of said given column as associated with said
at least two first hierarchy bit lines; i

an internal sub-array bit line associated with each sub-array group of
memory cells, said internal sub-array bit lines providing propagation of data
as read from a given memory cell of its associated sub-array group in said

given column as addressably enabled per its associated row word line;

a selective coupler for at least one of said programmable internal
sub-array bit lines, in accordance with given hierarchical configuration data
for select_ively propagating a signal between its associated. internal sub-array
bit line and one bit line of the group including at least one of said first

hierarchy bit lines said second hierarchy bit lines;

a read port for outputting data as read from the given memory cell of

said given column of memory cells; and
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a selective read capture latch for selectively capturing data therein
from a select bit line of at least one of said first hierarchy bit-lines and said
second hierarchy bit line, and having an output for providing said captured
data to said read port.

140. A programmable memory array according to claim 139, wherein said

selective read capture latch comprises:

_ at least first and second hierarchy inputs coupled to said at least one
first hierarchy bit line and said second hierarchy bit line respectively;

a memory unit;

selective coupling means for selectively coupling said memory unit
for re_ceiving data from one of said first and second hierarchy inputs for
capturing data therein in accordance with an associated hierarchy read

capture clock.

141. A programmable memory array according to claim 140, wherein said '

memory unit comprises a latch having an input coupled to said selective coupling

means, and an output for sending out latched data thereof to said read port.

I
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142. A programmable memory array according to claim 141, wherein said

selective coupling means of said selective read capture latch comprises:

a first transistor having its channel disposed serially between said
first hieratchy input and said memory unit for selectively propagating a
signal therebetween in accordance with a first hierarchy capture clock; and
having a gate for recewmg the first hierarchy capture clock; and

a second transistor having its channel disposed serially between said
sééond.hierarchy input and said memory unit for selectively projpagating a
signal therebetween in accordance with a second h-ierarchy'capture' clock,
and having a gate for receiving the second hierarchy capture cldck.

143. A programmable memory array according to claim 142, wherein said

selective coupling means of said selective read capture latch further comprises:

ptechafge means for precharging at least one bit line of said at least
one first hierarchy bit line and said second hierarchy bit line in accordance
with an associated hierarchy precharge signal related to the respective one
capture clock of said first and second hierarchy capture clocks as associated

with said at least one bit line.
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144. A programmable memory array according to Claim 143, wherein said
precharge means comprises a primary prechargé transistor having its channel
disposed serially between a precharge source of a predetermined voltage.potential
and said at least one bit line, and its gé_te driven by the associated hierarchy
precharge signal.

145. A programmable memory array according to claim 144, wherein said

prechar_ge. means further comprises: -

a primary suppression traﬂsistor'having its channel disposed serially
between said precharge source and said at least one bit line; and

an inverter having an input and an output, the output dnvmg a gate
of said primary suppression transistor in accordance with data of said at

least one bit line as received the input of the inverter.

146. A programmable memory according to claim 145, wherein said
primary suppression transistor has a channel ON resistance greater than a source

resistance associated with said at least one bit line.
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147. A programmable memory array accordingly to claim 145 comprising
a first of said precharge means for said at least one first hierarchy bit line, and a

second of said precharge means for said second hierarchy bit line; and

wherein the inverter of said first precharge means is connected in
series between said at least one bit line and said first transistor of the read
capture latch; and

wherein said inverter of said second precharge means is connected in

series between said second hierarchy bit line and said second transistor of
said read capture latch.
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148. A programmable memory array accordingly to claim 147, wherein
said first precharge means for precharging said at least one first hiergrchy bit line

further comprises:

a secondary precharge transistor having its channel disposed in series
with the channel of said primary precharge transistor between said precharge
source and said at least one first hierarchy bit line, and having its gate
driven per first hierarchy i:onfiguration dafa; and

wherein said. secor_xd precharge means for precharging said second hierarchy bit line

further comprises:

a secondary precharge transistor having its channel disposed in series
'with the channel of said primary precharge transistor between said precharge
‘source and said at least one first hierarchy bit line, and having its gate

driven per a second hierarchy configuration data; and

a secondary suppression transistor having its channel disposed in
ﬁ Series with said primary suppression transistor between said precharged
source and said at least one first hierarchy bit line, and having its gate
driven per said second hierarchy configuration data.
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149. A programmable memory array according to claim 148, further

comprising: -

means for providing a first hierarchy precharge signal as the
associated hierarchy precharge signal of said first precharge means, in
accordam:e with a first hlerarchy read clock, having an inactive precharge

durauon overlappmg an associated read access; and

- means for providing a second hierarchy precharge signal as the
associated hierarchy pr'echafge signal of said second precharge means, in
accordance with a second hierarchy read clock, having an inactive precharge

duration overlapping on associated read access.

/
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150. A programmable memory array according to claim 139,
wherein each addressable row of memory cells of the programmable
memory array includes one dummy cell of a known state for employment in

generating a read timing signal;

wherein the dummy cell is of a dummy column of the columns of
memory cells having its associated programmaﬁle bit line structure as a
timing read bit line structure for purposes of propagating a read timing
s1gnal -said timing read bit line structure corresponding to and being
programmably configured per the same hierarchical conﬁguratlon as said
programmable bit line structure of the other columns of memory .cells; and
wherein the array includes a clock generator havihg:

at least first and second timing read bit line inputs coupled to

respective first and second hierarchy bit lines of the timing read bit

line structure for receiving respective first and second hierarchy read

timing signals;

at least first and second outputs; and

.a configuration input for receiving configuration enable data;

said clock generator providing respective first and second
hierarchy capture clocks selective at the respective first and second

outputs as triggered per respective first and second read timing signal
and as enabled per the configuration enable data.
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151. A programmable memory array according to claim 150, wherein the

clock generator includes a SET input for statically enabling the output thereof for

asynchronous data transfer application.
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152. . A programmable memory array accordingly to claim 150, wherein
said clock generator comprises: | -

a first AND gate having a first input as said first timing read bit line
input for receiving the first read timing signal, the second input has a part of
said conﬁguratl jon input for receiving first hierarchy clocking enable data of
said configuration enablé data, and an output for providing a gated first read
timing signal;

a first FLIP-FLOP having its clock driven by the gated first read
timing signal from the output of said AND gate, its data ihput coupled to a
predetermined voltage source, and its output coupled to the gate of said first
transistor for providing the first hierarchy capture clock;. '

a second AND gate having a first input as said second timing read bit
line input for receiving the second read Ummg signal, a second input has a
further part of said configuration input for receiving secondary hierarchy
clocking enable data of said configuration enable data, and an output for
providing a gated second read timing signal; and

_ a second FLIP-FLOP having its clock input driven by the gated
second read timing signal from the out of said second AND gate, its data
input coupled to the prédetermined voltage source, and its output coupled to
the gate of said second transistor for providing the second hierarchy capture

clock.
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_ 153. A programmable memory array according to claim 152, wherein said
clock generator further comprises delay means for feeding back a delayed reset
signal to a reset input of at least one of said first and second FLIP-FLOPS after a
predetermined delay upén receiving an associated one capture clock of said first and
second hierarchy capture clock. ‘ |

154 A programmable memory array according to claim 152, wherein said
means for providing the first hierarchy precharge signal includes:

multiplexer means for selecting the associated read timing signal
from a select bit line of said timing read bit line structure, in accordance
with associated precharge configuration data; and

a pulse generator for generating a pulse of the first hierarchy
precharge signal for dnvmg the gate of said primary precharge transistor,
the pulse having a duration greater than a capture pulse of the first hierarchy
capture clock, delayed to be substantially synchronous therewith, and of a
polarity for_disabling said primary precharge transistor.

155. A programmable memory array according to claim 139, wherein said
selective read capture latch includes a tri-state buffer for selectively outputting data,
representative of said data latched, to said output thereof for said read port when
~ -enabled per associated configuration data.
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156. A programmable memory array having multiple sub-arrays of
memory cells therein and support circuitry including input/output circuitry, address

lines, data lines and decode circuitry, the programmable memory array comprising:

configuration circuitry connected within the support circuitry and
having user-programmable elements therein for configuring the support
circuitry to provide a respective user-selected access mode for each of the
multiple sub-arrays of the arfay, the multiple sub-arrays being operable
simultaneously in their respective user-selected modes.

'157. The programmable memory array of claim 156, further comprising a
configuration memory connected to the configuration circuitry for holding user- '

selected access mode information.

158. The programmable memory array of claim 156, wherein each
respective user-selected access mode can be selected from the group consisting of

wide memory and deep memory.

159. The programmable memory array of claim 156, wherein each
respective user-selected access mode can be selected from the group consisting of

FIFO, wide memory and deep memory.
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160. The programmable memory array of claim 156, wherein each
respective user-selected access mode can be selected from the group consisting of

single port memory and dual port memory.

161. The programmable memory array of claim 156 wherein each
respective user-selected access mode can be selected from the group consisting of
single port and dual port register arrays.

162. A programmable gate array having a plurality of programmable loglc
cells: therem, _the programmable gate array further compnsmg a programmable
MEemory array as set forth in claim 156.

163. The programmable .memory. array of claim 156 wherein a respective

user-selected access mode comprises a read-only memory.

\
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164. A programmable memory array, comprising:

at least one sub-array having a plurality of memory cells;

a line for propagating memory cell data away from the cells

of the at least one sub-array;
a brecharge.dévice programmably connectable to the line; and

a drive device connected bétween the cells of the at least one
sub-array and the linc, ‘the drive device programmably operable in a
first mode wherein diséharge of the said line in accordance with the
memory cell data is ¢ffected, and a second mode wherein drive of
said line in accordance with the memory cell data is effected.

165." The progrémmable memory array of claim 164, wherein the
precharge device is connected to the line in the first mode and disconnected from

the line in the second mode.

166. The programmable memory array of claim 165, wherein the first
mode comprises synchronous sub-array operation and the second mode

compromises asynchronous sub-array operation.
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167. The programmable memory array of claim 164, wherein the drive
device is programmably operable in a third mode wherein a high impedance is

provided to the line.
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