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2 1 ¥ PROGRAMMVABLE' PARI TY CHECKI NG AND COVPARI SON CI RCUI T Rel at ed ?6l!e
Application Informatioh Thi's appllcﬁtlon relates to conmmonly owned oot -
concurrently filed U S. Patent Applications: 1. Serial No.5 7 5 3 1 2, ©
Docket No. FI995-077, entitled "Field Progranmable Menory Array"; 2.

Serial No.5 7 54 2 2. Docket No. FI995-140, entitled "A System for

| npl ementing Wite, Initialization and Réset In a Menory Array Using a
Single Cell Wite Port"_AThe sectlon entitled - EESCfIOtIOﬂ of the Preferred
Enbodi ment (s)"  and SEREEAMHAE SHD  QOMEPRS <
related U.S. Patent appllcatlons are hereby expressly |ncorporated by
reference. Field. of the Invention This invention relates in general to data
menory and nore specifically to a programmabl e nmenory array with associ at ed
programuabl e routing and control, resources. Mdire_particularly, this
invention relates to a progr #ﬁﬁéﬁgﬂconparison circuit
for a programmabl e nenory array. Background of the Invention Rel ated
application, Serial TiNe dpplibaBidn ZrelaPegked &lbmmonly owned concurrently

filed U.S. Patent Applications:

1. Serial No.5753 12, Docket No. FI995-077, entitled
"Field Programmable Memory Arfay" H

2. Serial No5 7 5_4 2 2, Docket No. FI995~140, entitled "A
System for Implementing Write, Initialization and Reset In a
Memory Array Using a Single Cell Write Port".

The section entitled "Description of the Preferred
Embodiment(s)"” and the drawings, from each of the above-
referenced related U.S. Patent applications are hereby expressly
incorporated by reference. f

!

Field of the Invention

This invention relates in gene.ral to data memory and more
specifically to a programmable memory array with associated
programmable routing and coxitrol resources. More particularly,
this invention relates to a programmable parity checking and
comparison circuit for a pro'grammable memory array. |

Background of the Invention

Related application, Serial No. 275312  pocket No.
FI995-077, entitled "Field Programmable Memory Array", proposes
a programmable memory array. The proposed programmable memory



Fl 995-077, entitled "Field Progrannable Menory Array", proposes a
programmabl e nenory array. The proposed programrabl e menory ~array has
associated with it progranmable routing and control resources in order to

i npl ement sel ectively configurable data storage architectures (e.g. having
varying wi dths and/or depths) and data access techni ques (e.g. sinple

read/ wite, Last In First Qut (LIFC» First In First Qut (FIFO or roIIover

data stack operg,;fég,n%)as Eg‘éééﬁét% & ! rrg}?ns?]%ga:ﬂ%%gg outlnatadnnte

checking operations. Qr a T ntegri ECRIR based
on parity is cohtbhtyefnth 5 ﬁ°bg'fﬂ+eﬁé%r§ﬁ1§ﬁ611’%’gﬁ &°6F%‘é‘£ﬁatb§e dataon
parity oper ati o¥&enag€e| arFdipastunesgbnag.abadmgavatyipgmityhs ahd¢éd rigpths)

Parity generatamn datef eictest Otediifiqaal Cybad] Mimphearpad vt bl t LYY Chy may

be associ at ed o] bi I ference. The
parity bit is \é\baiikqt:é%lie: kjgnﬁg)' ﬂ@% fe“ lterggu{)n&)%fhgtl&ﬁ)t £'4 lglotvgr(fi%tééf udi ng

the parity bit) Thepe 5%‘8‘ 6‘F§even dependi ng on the storage architecture.
A parity check is the operation of conparing a previously determ ned parity
bit with a recal cul #aegicypaid tay tBih.associated with data integrity checking

operations. Circuitry for performing data integrity checking
based on parity is commoniy included in both memory and logic
circuits. Common parity operations include parity generation
and parity checking. Parity generation refers to the
calculation of a parity bit which may be associated with a group
of binary digits for later reference. The parity bit is
calculated so as to make the sum of all the digits (including
the parity bit) either odd or even, depending on the storage
architecture. A parity check is the operation of comparing a
previously determined parity bit with a recalculated parity bit.
For example, a parity bit first generated prior to writing data
to memory may be compared against a recalculated parity bit upon
later reading the same word from memory, as a means of insuring
that the data was not corrupted during storage iin memory or
during transmission to and from memory. Data corruption may be
caused by signal noise, power supply noise or radiation, such as
alpha particle radiation or cosmic radiation.

Conventional parity circuits are tailored for and dedicated
to the data storage architecture of the memory circuit they
service. For example, the data storage architecture normally
defines whether parity is to be odd or even. Th_erefore,
conventional parity circuits are characterized either as odd
parity or as even parity. By way of further example, the inputs
and outputs of conventional parity circuits are fixed since the
flow of data into and out of the parity circuit depends on the



For exanple, a parity bit first generated prior to witing data to menory
may be conpared against a recal cul at éd parity bit upon later reading the
same word from nmenory, as a neans of insuring that the data was not
corrupted during storage in nmenory or during transmssion to and from
menory. Data corruption nmay be caused by_sgi:gnal noise, power supply noise
or radiation, such as al pha particle radiation or cosm c radiation.
C?nvent I onalh Parg:ﬁéae%mméos 48 £ skakagy %Qgﬁfiefﬁﬂéed@@hemgeéléﬁlﬁihqtqa};@
storage architec rregl%) cl L CcUi SeryVi

data storage ar c{’ﬁ%{ %:%uré %or ’ft*ea'“?"e convg%(lﬁ ona %gfl&osﬁ%aggjs odd o
even.  Theref or‘ésedcc?l‘h}@nf‘?’br?élmbﬁr?‘{efa&i‘?%lat"g 8? e"‘bthé’lr%f%? |°zté‘6ref‘?‘her as
odd parity or aspaidiy pegical fBchiaps ofn Buppdrdr of xcimghits texsermputts tinel
out puts of convemdémdagal parity circuits are fixed since the flow of data
into and out of the parity circuit depends on the - 3 - predeterm ned
data storage archi tecture routing flexibility is not Vprow ded

Furthermore, convent F8hal® pREFGEEPmEah I8 PEmoRYe F8Y % o p%ﬁﬁeﬁ?'i"ely
operations and deenfdiguppble detatstieragmarchitecture, it would be desirable to

have a selectively configurable parity checking circuit, such
that a variety of -parity' operations and parity I/0 routing
alternatives can be flexibly programmed along with the data
storage architecture. '

The related programmable memory array application referred
to above also proposes incorporating together into an integrated
circuit a field programmable gate array (FPGA) and a
programmable memory array. An FPGA is an array of distinct
uncommitted logi¢ cells having a field programmable interconnect
network for interconnecting the cells and/or for providing data
input to and output from the array. The logic cells of an FPGA
can be configured to provide a comparison function. However,
such a use of 1o<jic cells for multibit comparisons is a
relatively inefficient use of the logic cells. Therefore, in an
integrated circuit éombining an FPGA with a programmable memory
array, it would be desirable to have a programmable parity
checking and comparison circuit implemented in the programmable
memoxy array and programmably configurable to alternatively
provide parity functions or non-parity compare functions, and
further configurable to flexibly route parity data within the
memory array and non-parity comparison data between the memory
array and the FPGA.



parity logical functions in support of circuits external to the menory. For
a programmabl e nenory array having a sel ectively configurable data storage
architecture, it would be desirable to have a selectively configurable
parity checking circuit, such that a variety of parity operations and
parity I/Orouting alternatives can be flexibly programed along with the
data storage architecture. The rel ated programmabl e nenory array

application referred to above al rop ' rating together into an
integrated circuit a field pr ogrgmgeéggg‘tﬁ{g EW%@QPEPGA) and a
programebl e menmory array. An FPGA is an array of distinct uncommtted

| ogic cells having aiffisl darpragiearmebl eéhe npeessaindovenetamorte frgovide a
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fromthe array. _The |.Qdi . FPGA can be configured to provide a
conparison functsfgﬁ?tﬂ%%\%&v%r?%é%ﬁg%b%quse of logic cells for nultibit

conparisons is a relati vely inefficient use of the logic cells. Therefore,
in an integrated cirlwiis conbobjecy af ERSGApwetdnta isveytitomels enavideya
array, it woul dghggfigmiababl @alr@tPa¢Redk g0 MRIMBShFaR86H t ieheinki per aad
conpari son ci rcx)l L ;':é@%%’l@”&&%r?”a}%%.programb' e nenory array and
programably co frgurabli e to alterna ively
It is a further object still of the present invention to
provide a programmable parity checking and comparison circuit
for an integrated circuit combining a programmable memory array
and an FPGA, the parity checking circuit providing parity
functions to the _programmable memory array and non-parity
compare functions to the FPGA.

The present invention is directed to a programmable parity
checking and comparison circuit. The programmable parity -
checking and comparison circuit includes a first set of inputs,
a second set of inputs programmably selectable from third and
fourth sets of inputs, and a circuit for selectively providing
a parity bit based on the first and third sets of inputs or a
comparison bit based on the first and fourth sets of inputs. 1In
one aspect of the invention the parity type can be configured as
odd or even. '

In another aspect of the invention the programmable parity
checking and comparison circuit is incorporated in a memory
array having a plurality of memory blocks, a primary 1/0 bus for
carrying data to and from the memory array, and a secondary I/O
bus for carrying data between memory blocks within the array and
includes a parity input routing circuit, a parity/compare
circuit, and a parity output routing circuit.



provi de parity funétions or non-parity conpare functions, and further
configurable to flexibly route parit'y data within the nenory array and
non-parity conpari son data between the nmenory array and the FPGA. -4-
SUMVARY OF THE I NVENTION It is an object of the present invention to
provi de a progranmmabl e parity checking and conparison circuit which is

sel ectively configurable. It is an object-of the present invention to
provi de a progranmabl e parity checki ng and conparison circuit for a
progranmmabl e nenory array. [HRIEE BE PREIN OB €% DRAFENGSHT t he present

I nvention to provide a programrabl e parity checking and cdnparison circuit
for an integrated cirh6UidbjeREbhdtdRe &hPEW G2 FERRE fdTREDENe aifnvaYt 8ol @N
FPGA, the pari t%&%mﬁg Chbfida PLOY! A0 BRELINCAYNCELARA 018 NG
programmabl e nmenory array and non-parity conpare functions to t he ﬁBEA. The
present inventiSRGEIRT ePPEH Y F prtO§r ARASBELCHH Ny The invention,

however, may best be understood by reference to the following
detailed description of the preferred embodiments and the-
accompanying drawings in which:

FIG.1 is block diagram of a portion of an exemplary
programmable memory array including the programmable parity
checking circuit of the present invention.

FIG. 2A is a block diagram of an exemplary programmable
parity/compare circuit of the present invention.

FIG. 2B is schematic diagram of a primary input multiplexer
of the present invention.

FIG. 3 is a schematic diagram of the exemplary programmable
parity/compare circuit of FIG. 2A.

FIc. 4 is an exemplary schematic diagram of the
programmable parity checking circuit shown in FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIiG.1 is block diagram of a portion of an exemplary
programmable memory array 10, as described in related
" application Serial No.5 7531 2, Docket No. FI995-077, entitled
"Field Programmable Memory Array", further incorporating the
present invention. The programmable memory array 10 is
described in detail in the related application, previously
incorporated by reference, and will be described here only to



checki ng and .conpdrison circuit. The progranmabl e parity checki ng and
conparison circuit includes a first‘set of inputs, a second set of inputs
programuably sel ectable fromthird and fourth sets of inputs, and a circuit
for selectively providing a parity bit based on the first and third sets of
I nputs or a conparison bit based on the first and fourth sets of inputs. In
one aspect of the invention the parity type can be configured as odd or
even. In another aspect of the invention the programmble parity checking
and conparison EPF &N SSKEBR PO B¥P iAot e ABFIL A RYP iy FRY BFSSPRFal ity
of menory bl ockénventdonnte ythe/ Ordaramineble arempinprdayal®o and from t he
menory array, and a secondary |I/O bus for carrying data between nenory

par | Lyl compare gt ety p AOeREe PS8, S\ b neloRp Sty 1B Ebkfados 8
DESCRI PT1ON G FHESE Ry REoREY <t iecPEhaloel TMLATFEY (2l BRYF 299 Me
i nvention is pafelewsar | Nenpsivnsehpragy dhardyiddsnit $§porapaiwaxdsi wittheach
concl udi ng por wbod beahg N bets sfidei f atahéuryh, for Phieposerventdlarity, FIG.
1 shows only one memory subarray 12, it should be understood
that the programmable memory array 10 includes a plurality of
like memory subarrays 12 sélectively'prograﬁmed for implementing

a variety of different memory configurations and operating
modes. '

Data is propagated to and from the memory subarray 12 by
means of the primary I/0 bus 20, associated intercoupling lines
22 and 24, I/0 block 18, secondary I/0 bus 26, I/0O routing
matrix 16 and bitline routing matrix 14. The primary I/0 bus 20
provides connectivity between the programmable memory array iO
and circuits outside (not shown) the programmable memory array
10, for example, an FPGA incorporated together with the
programmable memory array on an integrated circuit. An I/0
block 18 provides selective connectivity between the primary 1/0
bus 20 and the secondary I/0 bus 26. I/0 routing matrix 16
asgociated with memory subarray 12 provides selective
connectivity between secondary I/0 bus 26 and bitline routing
matrix 14.‘ Bitline routing matrix 14 controls immediate access
to the memory subarray 12 by providing selective connectivity to
various functional bitlines 15 (only 1 shown) associated with
the array, for example, a read bit line, write bit line and the
like. The bit 1lines 15 are placed into a programmable
hierarchical arrangement which may include local bit 1lines,
semi-global bit lines and global bit lines. Further detail of
the various elements of the programmable memory is set out in
the referenced programmable memory applications.



however, may best be understood by reference to the follow ng detailed
descri ptlon of the preferred enbodi fents and the acconpanyi ng drawi ngs in
which: FIG 1 is block diagramof a portion of an exenpl ary programuabl e
menory array including the progranmable parity checking circuit of the

present invention.

FIG 2A is a block diagramof an exenplary programrmabl e

parity/conpare circuit of the present inawvention. FIG 2B is schematic

di agram of a pri mary, |

ut rTU|tIp| exer of the present invention. FIG 3 is

a schematic di agram 3? 109 aWaRleP3F I ot et HaB| 2 SPTRAFASERTETE YA 3R t  of
FIG 2A FIG 4°% $hgrpresenplimvgntidrepayine éhcapramatéd tihethpr 840 datoekl k8
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resources (not shown) to inputs (e.g. inputs.- A and B) of
parity/compare circuit 30. Parity/compare' circuit 30 is
programmable to selectively provide outputs P and C

representative of a variety of parity (P) and/or comparison (C)
functions, which will be described in further detail below.
Parity output-routing circuit 32 provides selective connectivity
between the outputs P and C to the primary I/O bus 20 via
intercoupling line 24 and/or the secondary I/0 bus 26.

Various technologies are known to those skilled in the art
for providing array programmability. The preferred approach for
programming programmable resources of the present invention
involves SRAM memory cells, programmed by a user, although other
programming structures such as fuses, antifuses and so forth
could also be implemented. The programmable parity checking
circuit of the present invention is configured in accordance
with techniques similar to those for configuring a field
programmable gate array, as disclosed in the publication
entitled "APPLICATION NOTE AT6000 SERIES CONFIGURATION", May
1993, Revision 1B, Atmel Corporation, which is hereby
incorporated by reference in its entirety.

With reference to FIG. 2A there is shown a programmable
comparing circuit 34 which may be included in the programmable
parity checking and comparison circuit 33 above identified with
respect to FIG. 1. The programmable comparing circuit 34 has a



tthe extent necessary to explain the relationship of the present invention
to the programmable nenory array 10.* Wth reference to FIG 1, a nenory
subarray 12 conprises a plurality of nmenory cells arranged in an array of M
rows and N colums. Menory subarray 12 provides M storage words with each
word being N bits wi de. Although, for purposes of clarity, FIG 1 shows
only one nenory subarray 12, it should be® understood that the progranmbl e

menory array 10 Sof i Li f_Like L arrays 1
CeTeet el o S ITR B SHE B B TR A0 O o

configurations ANPTTHREr Ati A HBEES. thsadh Bih RoPRYLIR™ & ®25htY HignhEa
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provi des connect%l ty bet weeh th&%progr amma °clfcuits

out si de (not shbif) A MR o gt Rab| B9t Py-1arr REPRINAFEFT e RBHITE1VRAY FPGA
i ncor por at ed t ogeferuednitehas hichepBodnpwkredyiosdprendt yleastapnencfirchentiognit ed
circuit. An | §fdups is programmably selectable. In FIG. 2A, the B inputs are

programmably selectable as is shown for one of the B inputs in
further detail in FIG. 2B. With reference to FIG. 2B, the B,
input is programmably selected from a plurality of inputs E, and
F, by primary input multiplexer 40 in accordance with
configuration information stored in primary input multiplexer
configuration bit 42.

Programmably selectable inputs B can be configured so as to
enable programmable comparing circuit 34 to be used for
alternative functions. For egample, in a‘'first configuration,
a single N-1 bit word can be provided at the input nodes D,-D,,
for generating at output 38 a parity bit. ' It may be convenient
to provide the even bits of the N-1 bit word to one group of
inputs (e.g. the A inputs) and the odd bits of the N-1 bit word
to another group of inputs (e.g. the B inputs), but for purposes
of parity checking input ofdering " is not critical.
Alternatively, in a second configuration, first and second (N-
1)/2 bit words can be provided respectively on the A and B
inputs for performing a bit-wise comparison (e.g. bit 1 of the
first word is placed on input A, while bit 1 of the second word
is placed on input B,, and so forth) and generating a comparison
signal at the output 38 indicating whether all the bits are the
same or not.

Parity type configuration bit{s) 36 may be used to
selectively configure the programmable comparing circuit 34 to



bl ock 18 provi-des sel ective connectivity between the primary 1/0 bus 20 and
the secondary I/Obus 26. |/Orouting matrix 16 associated wth menory
subarray 12 provides selective connectivity between secondary I/O bus 26
and bitline routing matrix 14. Bitline routing matrix 14 controls innmedi ate
access to the nenory subarray 12 by providing selective connectivity to
various functional bitlines 15 (only 1 Eﬁdhn) associated with the array,

for exanple, agreedadidad bP&vell piLidy b rgﬁoawutdﬁs a,k&y pit . N&nbbdq

lines 15 are into a | e er ment |ch
may i ncl ude | o?aﬁgggt h’n@éen ggm«% %‘Ioo EEaﬁl b rth gﬁ%’s ar’iﬂ 131 o3 ?‘F’bffas'l‘
Further detail 5f 3h& 9a??‘bu§rbleé’ﬁéni’§r50‘¥¥ tH& - pFBeR aﬁ‘ﬁ%ﬁl é°néh’br?/f|§h%et
out in the ref eli@dtedipr by ammh| eerehor yirappl ievahi ens.  Altcéknatheely,
progr anmabl e palairk ¥y CHARK cBet Afda€ 06W B 138 rnﬁyl se 3i3eaf tb hr1Ree S8y

| nvention may te%nwgwog,@aggmglagefoén%zbfnock seulle 0P ROOYLATIRG €

menory array 10 as nabl e parlt ecki ng and
conpari son ci r GfPP235°9hertaYs féi‘“ﬁ’é%‘?’i P AR utr éﬁtl ng circuit 28, a
parity/ conpare circuit 30,

FIG. 3 shows an exemplary circuit schematic of comparing
circuit 34 when N=9, which includes a conventional XNOR parity
tree comprising XNOR logic gates 44a-44g and AND gate 49 having
inputs 49a-49d sourced respectively by the first tier of XNOR
gates (e.g. gates 44a-44d). In accordance with configuration
information stored in parity type configufation bit(s) 36,
parity type multiplexer 48 selectively provides at an output 38,
one of even parity output 35, odd parity output 37, as provided
by inverter 46, or compare output 51 as provided by AND gate 49.

FIG. 4 is a detailed schematic diagram of an exemplary
programmable parity checking circuit 33 as shown in FIG. 1. For
the sake of simplicity and clarity, FIG. 4 as drawn supports a
memory subarray 12 configured as a RAM having a bit width of
N=9, and using a single bit (e}g. the Nth bit) as a parity bit.
However, in light of the disclosure contained herein, a person .
of ordinary skill in the art would observe that N and the number
of parity bits can be adjusted as desired. A person of ordinary
skill in the art would also observe that the disclosed
programmable parity checking circuit 33 can support a memory
subarray 12 storing words of width less than N, so long as the
unused bits are fixed at a predetermined level (e.g. "tied off")
as is conventional in memory design.

With reference to FIG. 4, parity input routing circuit 28
may include a plurality of primary input multiplexers 40,- 40,.



and a parity 0utput routing circuit 32. The parity input routing circuit
28 may sel ectively couple the primary data bus 20 via intercoupling |ine
22, the secondary data bus 26 or other resources (not shown) to inputs

(e.g. inputs A and B) of parity/conpare circuit 30. Parity/ conpare
circuit 30 1is programuable to selectively provide outputs P and C
representative of a variety of parity-(PP and/or conmparison (C) functions,
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inputs Frpor Frepr Fregr Fapsr Fupir Fupar Fupss Fyp; (COllectively
referred to as the F inputs) may be selected. Additio‘nal
configuration bits may be added to allow greater programmability
of-primary input multiplexers 40,-40,. For example, it may be
desirable to have additional inputs of constant value for
providing a known reference for comparison. Further, it may be
desirable to have separate configuration bits for each of the
primary input mulfipléxers 40,-40, to allow independent control
over each. It will be understood that such increased
flexibility would be éccompanied by increased required circuit
space, which may not be degirable.

Parity input routing circuit 28 also may include secondary
input multiplexer 54 whicﬁ, in accordance with configuration
information stored in configuration bits 356, may selectively
provide at its outﬁut 58 one of the following: a known constant
value for providing another basis of comparison, parity
information via one or more of the hierarchically arranged bit

lines 15 of a word previously stored in memory, or other desired
alternate inputs.

Parity/compare circuit 30 may include programmable write
parity and comparing circuit 50 and programmable read parity and
comparing circuit 52. Programmable write parity and comparing



i'ncorporated by reference in its entirety. Wth reference to FIG 2A there
is shown a programmbl e conparing circuit 34 which may be included in the
programuabl e parity checking and conparison circuit 33 above identified
with respect to FIG 1. The programuable conmparing circuit 34 has a

plurality of input nodes, Derr]- D[errlllmbere Nis the width of nenory
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to primary input multiplexers 40,, 40,, 40,, 40, are generally
designated for carrying read data.

Programmable read parity and comparing circuit 52 has a
first set of inputs Ap,, Ay, Axss ARy, connected respectively to
input nodes D,, D,, D,, D, and generally designated for carrying
read data, and a second set of programmably selective inputs B,
Bs, B;, and B, connected respectively to input nodes D,, D,, D,,
D, provided by respective primary input multiplexers 40,, 40,
40,, 40,. The E inputs to primary input multiplexers 40,, 40,
40,, 40, are generally designated for carrying read data, while
the F inputs to primary input multiplexers 405, 404, 40,, 40, are
generally designated for carrying write data.

Each of the programmable read parity and compare circuit 50
and the programmable write parity and compare circuit 52 operate
similarly to the descriptions referring to FIGS. 2A and 3, which

.description will not be repeated here for the sake of brevity.

Comparison logic gate 60 receives at its inputs the outputs
64 and 66 respectively of the programmable write parity and
comparing circuit 50 and the programmable read parity and
comparing circuit 52 and provides an output C. Parity logic
gate 62 receives at its inputs the output 66 of the programmable
read parity and comparing circuit 52 and the output 58 of the
secondary input multiplexer 54 and provides an output P.

X “Fnhpdt group,

and



Pr ograrrmabl y sel ect'able inputs B can be configured so as to enable
programabl e conparing circuit 34 to be used for alternative functions. For
exanple, in a first configuration, a single N1 bit word can be provi ded at
the input nodes Dferr]-Dierr] for generating at output 38 a parity bit. It
may be convenient to provide the even bits of the N1 bit word to one group
of inputs (e.g. the Ainputs) and the odd;bits of the N1 bit word to

anot her group of inputs (e.g. the B inputs), but for purposes of parity
checking input ordédragy pstputotroutdngt ctmduitAl3Rerseattvilely iddustesegond

configuration, fbtsér arsbouesendis l\i-,hel)ﬁz%g?h&xmémred%eﬁaﬂy bgerPVidj%rlous
respectively on Eb&nﬁ@%n@ré@@&'t%f%e p%; &%VL r&)a bi t irc gegg %‘_er ggnt e

(e.g. bit 1 of t t~ wor aced err

second word is pP%EIe APYH RGP EIE LTS g8 s 0 WF&F?tﬁelgﬁHm@eWeFS%‘F‘ﬁgsram
conpari son si gnapceRrdamee guithuthagataditoaednip whttheelattorn lvenbidwraaient he
same or not. Parbly tgpetiwonditputabiobtbiché Spraframmybbe wsad trargeleahivel y
configure the preghsdPeRdi8caPEP3§1 Ho ﬁbﬁiﬂéE&t§41£§ht 76 &hd provides the
result at write selector output 78. Together, non-parity input
76 and write selector 68 provide write access to the Nth bit of
the RAM when neither parity generation nor parity checking is
required. Secondary write data bus port 72 drives the output 78
of write selector 68 onto 1 or more of a plurality of lines 79
of the secondary I/0 bus 26 (see FIG. 1) in accordance with data
stored in secondary write data bus port configuration bits 74,
for writing into a memory subarray 12. The plurality of lines
79 of the secondary I/0 bus 26 may represent a hierarchy of
routing paths (e.g. bitlines 15) explicitly associated with the
Nth bit of the'memory subarray 12. Unselected outputs are
configured so as to provide a high output impedance (e.q. using
tristate buffers). If it is not desired to route either of the
output 64 or non-parity input 74 to the secondary I/0 bus 26,
configuration bits 74 can also be programmed to deselect all
outputs. : Deselecting outputs in this manner, frees up the
deselected lines of the secondary I/O bus 26 for use by other
I/0 blocks 18 of the programmable memory array 10.

With continued reference to FIG. 4, read selector 80
selects, in accordance with the data stored in read selector
configuration bits 82, one of output C provided by comparison
logic gate 60, output P provided by parity logic gate 62, and
output 58 of secondary input multiplexer 54 and provides the
result at read selector ocutput 84. Output conditioning selector
90 receives read selector output 84 in an unconditioned form
(84), as inverted by inverter 86, and as latched by latch 88,



p’rovi\de odd or* even parity when providing a parity bit. An odd parity bit,
when added to all of the digits in the word, results in an odd sum an even
parity bit, when added to all of the digits in the word, results in an even
sum Al ternatively, parity type configuration bit(s) 36 may be used to
sel ectively configure programmable conparing circuit 34 to provide a
conmpari son output function at output 38. FIG 3 shows an exenplary circuit
schematic of céfflarim@siorgante 34iviherat=9stagtedc hin nettpdés cndonye@mitigonal
XNOR parity treeleotqy confipuXhithod agis Qat gracddacigeand ANRogal €i dkkghavi ng

i nput's 49a- 49d caephecesh . eeRest | MGnk1 bk ! R ifh T 8 &isghﬁite)é'\'o'a?cgé‘ésegn@- 9.

gates 44a-44d) . ln_accaordance w.t onfiguration informtion_stored in
parity type conflgut atioh i ?ssc)ng%fs ﬂaf‘%t‘vefiﬁ%’lﬁﬁ?ﬂ% R e E tively
provides at an &Yt PefketaNoorfd I8P -@7bn Lgarsed) toucperk 35tchd@B jpadi ¢ytmsut put
37, as provi degobgitinndnyeselstonr 9¢ONRNE that PiienS thaslfucheideshhyy iAND

ate 49. FIG 4ehscedebriil ©ibnsa NGBk Codicagraun AXEERL ALY
grogram’rabl e pgg'b;&l (gkecki ng gi rcuit 33 as shovvr?%cr:l FG 1. ciéioret 1eocécake of
arTty,

sinplicity and C FIG 4 as drawn supports a menory subarray 12
configured as a RAM having a bit width of N=9, and using a single bit (e.g.
the Nth bit) as a p2rimayybiedad diheebes poirth 96,gdimi0farlpacdssed mianyantaet ai ned

herein, a persddta bus port 72, drives the conditioned output 94 onto 1 or
more of a plurality of lines 97 of the primary I/0 bus 20 (see
FIG. 1) in accordance with data stored in primary read data bus
port configuration bits 98 for carrying data read from a memory
subarray 12 outside the programmable memory array. Unselected
lines are configured so as to provide a high output impedance
(e.g. using tristate buffers). If it is not desired to route
the conditioned output 94 to the primary I/0 bus 20,
configuration bits 98 can be programmed to deselect all outputs
97. Deselecting outputs in this manner, frees up the deselected
lines of the primary I/O bus 20 for use by other portions of the
programmable memory array 10 or by other circuits accessing the
programmable memory array (e.g. an fPGA).

By way of further explanation of FIGS. 1 and 4, several
operational examples showing how the programmable parity
checking circuit 33 can be programmably configured to perform
alternative functions will now be described. '

In a first operational example, the programmable parity
checking and comparison circuit 33 is used to generate a parity
bit for an N-bit data word to be written to one of the memory
subarrays 12. A first set of bits of the N-bit data word (e.qg.
even bits) are provided from the primary I/O bus 20 at inputs



of ordinary skill in the art woul d observe that N and the nunber of parity
bits can be adjusted as desired. A person of ordinary skill in the art
woul d al so observe that the disclosed progranmmabl e parity checking circuit
33 can support a nenory subarray 12 storing words of width less than N, so
long as the unused bits are fixed at a predetermnned level (e.g. "tied
off") as is conventional in nenory design. Wth reference to FIG 4, parity

i nput routing ciagguia,, 28 MRya i NCludRasy Anghalduliyi piefdick sy 4dlpuio,, 4o,

mul t : pl exers 40[3%@[1:'09?91[1&%({ Ly riméré’gn' uJQﬁlWﬁ%r%n&gé%tﬁoh@fg( s.)

mul ti pl exers 40 | s Bre fra %t%e WOT | B at ess the n er of parity
bits. As depict®d®PnSBIEt £NGUFEFRINEY R4S 19bathe WL FeTUsERr St 198D
nunber of prinmaPpts) nputinbylift Epl-eRats B0 Evhs Rifqgrammablepyrhte gfarittiye

mul ti pl exers 40[aatr FedfHramg] cibeuitelsec eddivist €rdatwd/ &etBPYE SihputaC Gaadance

Wi th primary i npUhePiddd RIe%8E spné\iegur&a}ig A?Jtt,Fgg gggmt%}nge&!@'ﬁéir v °

the primary input nultiplexer, 40 of _Fl 2B. . Lnma ri

configurati on, i%FfBﬁt%onlf[lgPﬁ?mé[ 8??]3,6'ET%I°PT;?“'E[6§H 9 iEPeF e R (86 in

E[err], Elerr] @€6Préande elth prits petleqtoragonfiigugation bit 70 provides the
parity bit to secondary write data bus port 72 which, as

programmed by secondary write data bus port configuration bits
74, puts the parity bit on one or more of the plurality of lines
79 of the secondary I/O bus 26 to be written to a memory
subarray 12. If programmable read parity and comparing circuit
52 is not simultaneously needed to calculate parity or make a
comparison, read selector 80 may be programmed by configuration

. bits 82 to select secondary input multiplexer output Sé to be
driven onto the primary I/0 bus 20 through conditioning selector
90 and primary read data bus port 96. Alternatively, primary
read data bus port 96 may be configured by configuration bits 98
to deselect all outputs as described above.

In a second operational example, the programmable parity
checking and comparison circuit 33 is used to perform a bit-wise
comparison of first and second N-1 bit words, not necessarily
read from or written to a memory subarray 12 (e.g. non-parity
comparison). A first N-1 bit data word is provided from the
primary I/O bus 20 at inputs B,,, Ag,s Agpy Ape ©f Programmable
write parity and comparing circuit SO, and at inputs F,,, F..
Fupsr Fyp; Of programmable read parity and comparing circuit 52.
Primary input multiplexers 40,, 40,, 40,, 40,, 40,, 40,, 40,, 40,
are programmed by primary input multiplexer configuration bit(s)
42 to select the respective bits of the second word also
provided from the primary I/0O bus 20 at respective inputs F,,
Frear Frps, Fregr Bpeys Bppzr Bpps, Bgye IN an alternate embodiment,



i'nputs) may be selécted. In an alternate second configuration, inputs
Flerr], F[err], Flerr], Fl[err], F[err], Flerr], Flerr], F[err]
(collectively referred to as the F inputs) may be sel ect ed. Addi ti onal
configuration bits my be added to allow greater programmability of primary
I nput multiplexers 40[err]-40[err]. For exanple, it may be desirable to
have additional inputs of constant value~ﬂ6?_providing a known reference

for conparison. &adidiehalitultlplegedeHindbie o0 mldVEHI1RRRAE ME, ORRfingURAL T ON
bits for each of {hg Bhle”@ér}ét'ra]\H{?Wallrﬁtél E{,‘mﬁ]lﬁe'xﬁég &Skg%lde%o%@r%%% o g@‘L}LﬁW

| ndependent control_  over each. . ) er st oo t “suc

i ncreased fl exi b??i’r'?“ﬁ&ﬁfdPB%?%&?B%%W&&%%FW&%éam?aefdﬂﬁr etEHIcaPt
space, which mayambPregraeratiapiead prirityyanh orPFdgi HircdilEcid + SQRsakie may
i ncl ude secondar yendgrutthauht gdupxeE bfputlsi phogrammabrpratdeceivée.t h In this

configuration i nfoy Mahi WbnstehE€Yah e qg?tﬂ:g!érfaéﬂéjﬂupifpie§§rs %Y{%l%ﬁtih¥6| y
provide at its out ugdGS foll val ue Tor

provi di ng anot her  badi si%dggg%ﬁ%‘é#ﬁt}g’&ﬁfe’b%\rl\ﬁi'{] ' ib%f %ﬁﬁgﬁ%ﬁ% %n"l?ﬁg“%?t ndre

of the hierarchi 8837Gn aF reatGedngifuncther: 18ufuts Gbraddpbeviesasryivaiyred in

menory, or ot herthesproggtamhiielienaire te npaitity Badi tymporpal ecwitr GO 1and0 thay

i ncl ude progr anmBh)draiinhb e R4 Pard By HANBHDaRE &irchlit i5250r ARHeR AWIPRDI €

read parity and compared by comparison logic gate 60. Read selector 80 is
programmed by read selector configuration bits 82 to select
output C, which output is driven onto one or more of the
plurality of 1lines 97 coupled to the primary I1/0 bus 20.
Secondary write data bus pért 72 is programmed by configuration
bits 74 to deselect all outputs 79 as described above.

In a third operational example, the programmable parity
checking circuit 33 is used to compare a previously stored
parity bit with a newly generated parity bit of an N-1 bit word
stored in a memory subarray 12. A first set of bits of the N-1
bit data word (e.g. odd bits) stored in memory subarray 12 are
provided from the secondary I/0 bus 26 at inputs Ay, Ay, BAgpss
Ay, Primary input multiplexers 40,, 40,, 40,, 40, are programmed
by primary input multiplexer configuration bit(s) 42 to select
the remaining bits of the N-1 bit word (e.g. even bits) at
inputs Egys Epeys Egp, Egese Secondary input multiplexer 54 is
programmed by configuration bits 56 to select an input
representing a previously calculated parity bit for the N-1 bit
word. Output 66 of programmable read parity and comparing
circuit 52 and output 58 of secondary input multiplexer are
compared by parity logic gate 62 to provide output P. Read
selector 80 is programmed by configuration bits 82 to select P
to be driven onto one or more of the plurality of lines 97



Corrparl ng circuit 52. Programmable wite parity and conparing -11-
circuit 50 may have a first set of fixed inputs Alerr], Alerr], Alerr],
Alerr] connected respectively to even input nodes D[err], D[err], Derr],
Derr] and generally designated for carrying wite data, and a second set
of programmably selective inputs Blerr], Blerr], Blerr], and B[err]
connected respectively to odd input nodés err], Dierr], Derr], Derr],

provi ded by resg iéﬁe th 'tHErBrth %" Maolz%xer %e?&iﬁ%}(gl{:é 40141'.]& ]bus

40[ err], 40[err E utsto r|rrar¥|n ut my

40[err], 40[er 27%[ Pr¥ ‘égrr«?mﬂﬁﬂel?yalcf’i} ’c%‘:?%{]h%’féﬁtﬁoﬂ & A§PREESH iadd
data, while the°‘F:‘:lP"fﬁﬁJf7§ ?’i) qdascrbbsd iapue-. nul ti pl exers 40[err], 40[err],
40[err], 40[err] are generally designated for carrying read dat a.

i[ ogr?mﬁ?l e ]read pazmetyr mﬁiﬂwbw&spen&a&ﬁg%dh@a@z&%ﬁtcﬁehlgfcawputS
err err
Derr], Derr], b%eonf]lguff e% A ggnﬁrwa?lyfs ¢ &h‘g‘? (?dv?B’retE’aPFﬁﬁfg‘tﬁead
data, and a sec8h F°'B)?ar&|58§rfd’m‘fﬁ PRE s &P i@@ qopiieat igmer 9 the[ahove,
B[err], and B[ eerimmpimsnesidca espemiddackya tvariapytomedesind eatterdd.err],
Dlerr], Derr], provided by respective primary input nultiplexers 40[err],
jg%g;”: jg{g;;i 40815 - ene M Endert1BH! ShakO BRI BhYed RYE P! LHBLSX SRS
escribed 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.



40[ err] 40[err] are generally designated for carrying read data, while the
F i nput Immlml“i' EE t multiplexers 40[err], 40[err], 40[err], 40[err]
are gen for carrying wite data. Each of the prograrmable
read parrty and corrpare circuit 50 and the progranmable wite parity and
conpare circuit 52 operate simlarly to the descriptions referring to FIGS.
2A and 3, which description wll not be rlepeat ed here faor.the.sake. of .
brevity. Conparison |ogic gate 60 recei ves at its inpuf FHIShSHERT HAS BEEN |and
66 respectively afaiMbe progranmable wite parity and cpmpar |mmcgmur t 50
and the progranmabl e read parity and conparing circuit“Sg=ard—provrdes—an
out put C. Parrtly | o gate 62 receives at its inputs the output 66 of the
programmabl e read pa | t‘ﬂ’f Eh o HBamangtEi FRFHING2 3dd 4M@aslEput chBewit t he
secondary i nput nult Fpresdsings and provi des an out put P. -12- Parity
output routing circuit 32 selectively routes to other resources in the
programmbl e memDry arskelB:vANieyS,sigpaLs, generated by the
parity/conpare circuit 30 and the parity Input routing circuit 28. Wite
sel ector 68 selects, in

a second plurality of inputs, the second plurality of

inputs programmably selectable from a third plurality of

inputs and a fourth plurality of inputs; and

a first circuit coupled to the first and second plurality
of inputs for generating a parity bit based on the first
and third plurality of inputs, for generating a comparison
bit by performing a bit-wise comparison of the first and
fourth plurality of inputs, and programmably selectable for
providing- at an output one of the parity bit and the
comparison bit. -

i

2. The circuit as recited in claim 1 wherein the first circuit
is configurable to provide an odd parity bit or an even !
parity bit.

3. The circuit as recited in claim 1 wherein the first

plurality of inputs and third plurality of inputs represent
complementary portions of a word to be written to a memory
array. '

4. The circuit as recited in claim 3 wherein the first
plurality of inputs and third plurality of inputs represent
alternating bits of the word to be written to the memory

. array.
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a’c:cor"da’m ' oTatast ored in wite selector configuration bit 70, the
out put ]"Fm ” ﬂmrmabl e wite parity and conpare circuit 50 or
nputy ret ardi pr

non- pari*y ci ovides the result at wite sel ector output 78.

Toget her, non-parity input 76 and wite selector 68 provi {enye isHer a¢OSSSEHN
the Nth bit of the RAM when neither parity generation nor parit he bl ng
is required. Secondary wite data bus port®72 drives th;a - r "
sel ector 68 onto-1 o re of.a pluraljty of lines 79 of the secondary
bus 26 (see FIG 1) f”ﬁggégéﬁ %ltnqgswirfﬁl a”ét‘c")r%’tf‘_iﬁ ¥BeBRLr YhSv £LESHat a
bus port configurati SAUFRRYEY7AL ingptsyand ithgrd migral ienof \inpubarme@yesent The
plurality of |ines 7%oublaneataeygodatond b Husrdtrammy ftapLehidryd akti-gy ar chy
of routing paths (e.g. bitlines 15) explicitly associated Wltg the Nth bit
of the menory suparr 12.. nselected outputs are configured so as to
provi de a hi gh oét}t put%?rr%é cé‘t‘ﬁlce.%s. 5T Prtr?ﬁleﬁ’te bﬁf;‘?.’g‘?g).tfl‘ef %5 not
desired to route eitRAFCHEGYRE dnPRti and thirg Mlupakivy of pputy Fepresent
secondary |/ 0O bus 26altenrfatdugabitenobitie Wirdareadl soobehpr agiayatrap.
desel ect all outputs. Desel ecting outputs in this m‘:mner,h fr/e(e_)s :Jp Lhe18
desel ected |ines; of the, sgoonda 6_f,or e by ot her ocks
of the programn?b'l e rIrg[r%r a;}?aéyﬁ# Qﬁ&ﬁ? cz:aor?tlflﬁﬁe%yr é’%e'r“% -4 #’3"?_% 4,
read sel ector 80 prima I/0 bus for carrying data to and from the memory

- array, and a secondary I/0 bus for carrying data between

memory blocks within the memory array, a programmable

parity checking and comparison circuit comprising:

a parity input routing circuit comprising a first
plurality of inputs and a second plurality of inputs, the
second plurality of inputs programmably selectable from a
third plurality of inputs and a fourth plurality of inputs,
wherein the first and third plurality of inputs are
connectable to the primary I/0 bus and the fourth plurality
of 'inputs are connectable to the secondary 1/0 bus;

a parity/compare circuit coupled to the first and second
plurality of inputs for generating a first parity bit based
on the first and third plurality of inputs, for generating
a first comparison bit by performing a bit-wise comparison
of the first and fourth plurality of inputs, and for
programmably selectable for providing at a first output one
of the first parity bit and the first comparison bit; and

a configurable parity output routing circuit coupled to the
parity/compare circuit for selectively driving one of the
parity bit or the first comparison bit onto one of the
primary I/0 bus or the secondary I/C bus.

e R
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Sel ects in accordance with the data stored in read selector configuration

bits 82, lmﬂﬂﬁmumlfﬂuuﬂl‘grow ded by conparison logic gate 60, output P

provi ded ate 62, and out put 58 of secondary i nput

mul ti pl exer 54 and" provi ‘des the result at read sel ector output 84. Cutput

condi tioning selector 90 receives read-sejector output 84 in an

unconditioned form (84), as inverted by inverter 86, and as | atched by

| at ch 88, afd i rrhecporgizneeble phriigt @hstkimdand cupputis@ondr¢uidniaag

éel eﬁt or colnf | gur atiencbd tlgl S¥a in¥ aﬁ%%mechée&aﬂityaénﬁenﬁﬂdalaee&%atleut b9g-
ock signa ed_acr cribe

in related appli c\z,i\ﬁ %E %?NSE%I‘% %g% %ﬁfrt%&ge Eg&é’ é{‘)]gélﬁg ng’ used

to clock I atch 88 &ifdSGhiyRAY ‘E:‘b‘fﬁ}lif‘ﬁcﬂﬂen@ SeP Bty Pt %‘H&‘Hlﬁﬁﬁtlm‘\‘éﬁ t he

| at ched i nput is sdiceehedotdirdi pPaoitadcompangt c8vcwidnobetiwy weli byniuddguto t he

clock signal CK. Pridwiyg Gadudatfarbpoviaihg othéRibadis Yot QoMSLORdal y
write data bus port 72, drives the conditioned output 94 onto 1 or nore of
a plurality of lines 97 of the primary 1/0O bus 20 (see FIG 1) in

accor dance wi t f* datHesPEIFETAPHT PARELTY coggkiig 4ng fomparison clrcuit as

recited in claim 8 wherein the auxiliary inputs include a
predetermined value.

10. The programmable parity checking circuit and comparison as
recited in claim 8 wherein the auxiliary inputs include a
second parity bit previously generated.

11. The programmable parity checking and comparison circuit as
recited in claim 7 wherein:

the parity input routing circuit further comprises a
fifth plurality of inputs and a sixth plurality of inputs,
the sixth plurality of inputs programmably selectable from
a seventh plurality of inputs and an eighth plurality of
inputs, wherein the fifth and seventh plurality of inputs
are connectable to the secondary I/0 bus'and the eighth
plurality of inputs are connectable to the primary 1/0 bus;

the parity/compare circuit is further coupled to the fifth
and sixth plurality of inputs for generating a second
parity bit based on the fifth and seventh plurality of
inputs, for generating a second comparison bit by
performing a bit-wise comparison of the fifth and eighth
plurality of inputs, and programmable selectable providing

THS SHESY o “ BEEN
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port’ conf uration bits 98 for carrying data read froma nenory subarray 12
outS|d !m ,j’ Hm menory arrday. Unselected |lines are configured so
as to put inpedance (e.g. using tristate buffers). If it
I s not deswe to route the conditi oned output 94 to the primary 1/0 bus
20, configuration bits 98 can be programmed to desel ect all outputs 97.
Desel ecting outputs in this manner, freés?8p the desel ected |ines of the

primry /0 bus 20 foq yse by, pt Q%ésgg&e! Qs AL LA gL AaRle JHBRY

array 10 or by other circuits acc e programrablfe nenory array (e.g.
an FPGA). By way-of fPGFPR&rcERPFLFER Poh- of FIGS. 1 and 4, several

oper ati onal exanples show ng how t he progranmabl e parity checking circuit

33 can be programmablthec prbitannas 1 0pperdfyoraneaki vg neitdna tf waCtrdeansedvi kA now

be described. In a f'Jx%RmOPPrvﬁateEQB@'th%X%EfPJs@ plul§1 P Q;rfarm%Q{& 0 'tk%
checki ng and conparis cw% ed t %bn ra PP % bit for an
N-bit data word to bé’i\'&f?l(‘tté’n o‘“@ﬁ&s d:FpFﬁ%e"fﬁa ?V“?ﬁbﬁ? ayE 22 I FQy

set of bits of the NH§ twxditanwbedthe, gememeisays)andr eshergdn débief €66+ he
primary |1/0O bus 20 atpluBglityy of inputs and the seventh plurality on inputs

represent alternating bits of a word read from the memory
array.

13. The programmable parity checking and comparison circuit as
recited in claim 11 wherein the parity/compare circuit
further comprises first logic means for comparing first and
second comparison bits and for providing a word comparison
output.

14. The programmable parity checking and comparison circuit as
recited in claim 13 wherein the parity/compare circuit
further comprises:

a secondary input selector for selectively coupling
one of a plurality of auxiliary inputs to one of the
parity/compare circuit or the parity output routing circuit
for providing another basis of comparison, wherein the
auxiliary inputs include a predetermined value;and

second logic means for comparing one of the first
output and the second output to the predetermined value.

15. The programmable parity checking and comparison circuit as
recited in claim 14 wherein the parity output routing
circuit comprises:
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<14-' Alerr], Aerr Alerr]. Primary input nultiplexers 40[err],
40[err], 40[ﬁ“b“ﬂ“ﬁ)‘@ﬁ‘\ﬂa‘m programmed by primary input nultiplexer
configurationlt 0 select the remaining bits of the N-bit word
(e.g. odd bits) at inputs E[err], E[err], Eerr] Eferr]. Progranmable
wite parity and conparing circuit 50 recgives the two sets of inputs and
generates -an odd or even parity bit, as programed by parity type

configuration bit 36, at Quipldt ShcuY¥idh S8LEGIOEREGirkD ARGALIGHGE thbt h

wite selector confiquration hit 70 proyides the parity bit to secondary
wite data bus port 72 GRIEH, qéé %‘fsdgﬂ%’rred by secondary wite data bus -
port configuration bits 74, puts the parity bit on one or nore of the
plurality of lines 79 of &heeseadnddryguit Ofours @bivimgbeona | bifentie somgnDry

subarray 12. If progrepprbl £ eRdpRe) idne AR r§OBRESItNGnGl &C YirbdSFe il nBQt

si mul t aneousl y needed to_cal.cul afe rity. ke a conparison, read
sel ector 80 may be prvgtéflgn?r%tcf ng oﬁ%ﬁﬁﬂr%ﬁ (k))ggbi ts 82 to select secondary

i nput rmultiplexer output 58 to be driven onto the primary /0O bus 20
t hrough condi ti okbng Bel pregram@dbngapiiyrehyckisudagdtcanpasipor tif8iit as
Al ternatively, prinmaraeciead @ateafitlisPiidre®R tHRY sbeorOBi t@Medohyrises a

configuration bits 98,9 gegq{]dggioﬂnl QUi buts as descri bed above. In a
second operati onal exar?pfle, The progranmabl’e parity

17. The programmable parity checking and comparison circuit as

recited in claim 16 wherein the signal conditioning means

" receives an input signal and is configurable to provide at

an output the input signal in an inverted, non-inverted, or
latched form.

18. The programmable parity checking and comparison circuit as
' recited in claim 7 wherein the parity output routing
circuit comprises:

a first circuit for driving the first output onto the
secondary I/0 bus.

19. The programmable parity checking and comparison circuit as
recited in claim 7 wherein the first plurality of inputs
and third plurality of inputs represent alternating bits of
a word to be written to the memory array.
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checki ng and conparison circuit 33 is used to performa bit-w se conparison
of first and second N-1 bit words, rot necessarily read fromor witten to
a nmenory subarray 12 (e.g. non-parity conparison). A first N1 bit data
word is provided fromthe primary 1/0O bus 20 at inputs Alerr], Aerr],
Alerr], Alerr] of programmable wite parity and conparing circuit 50, and
at inputs Flerr], F[err], F[err], F[erng of programmable read parity and
conparing circuit 52. Primary input mutd% plexers 40[err], 40[err], 40[err],
40[err], 40[err], 40[err], 40[err], 40[err] are progranmred by primary input
mul ti pl exer configuration bit(s) 42 to select the respective bits of the
second word al so provided fromthe primary I/0O bus 20 at respective inputs
Flerr], Flerr], Flerr], F[err], Aerr], Aerr], Alerr], Alerr]. 1In an

al ternat e enbodi nent, additional multiplexers simlar to multiplexers
40, having at | east one constant value input, may be provided at the A
group of i npUPROTURAMMABIFERARITY CHECKING AND COMPARISON CIRCUrt 50 and
programuabl e read parity and conparing circuit 52, so as the render the A
group of inputs programmably selective. In this way, the constant val ue
inputs of the nultiplexers 40 (including the additional nultiplexers) may
be enpl oyABSTBAGHI enent a

A programmable parity circuit (33) for a memory array (10) includes at least one
programmably selectable set of inputs (A, B) arranged such that the circuit (33) can be
programmably configured to perform odd or even parity operations for data stored or to
be stored in the memory array (10) or to alternatively perform non-parity bit-wise
comparisons for circuits outside the memory array (16). Provision is made for a variety

of routing configurations.

Fig. 1.



search or mat chi ng function. Qut puts 64 and 66 respectively of the
prbgrannable wite parity and conpare circuit 50 and the programmable read
parity and conpare circuit 52 are then finally conpared by conparison |ogic
gate 60. Read sel ector 80 is progranmed by read sel ector configuration
bits 82 to select output C, which output is driven onto one or nore of the.
plurality of lines 97 coupled to the prilmary |1/0O bus 20. Secondary wite
data bus port 72 is programed by configuration bits 74 to desel ect al
outputs 79 as described above. In a third operational exanple, the
programmabl e parity checking circuit 33 is used to conpare a previously
stored parity bit with a newy generated parity bit of an N1 bit word
stored in a nenory subarray 12. A first set of bits of the N1 bit data
word (e.g. odd.bits) stored in nenory subarray 12 are provided fromthe
secondary |/0O bus 26 at inputs Alerr], Alerr], Aerr], Alerr]. Primary
input multiplexers 40[err], 40[err], 40[err], 40[err] are programred by
primary input nultiplexer conflguratlon blt(s) 42 to select the remaining

bits of thell@1 bit word (e.g. ev |ﬂ)naner eRe [Jerr]
E[err]. Secon®ary input nultlplege/ nﬁé ogt anmed Dby QQH E§§&EU$%E bits

56 to select an input representing.a.] BL QutHy édgﬂaLL for
the N-1 bit| word. Qut put 66 o&ep/ograunagbe read parity d cjgnpari ng
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cf@cuit 52 and butput 58 of secondary_ input mnultiplexer are conpared by

parity logic gate 62 to provi de output P.
by configuration bits 82 to select P to be driven onto one or
-16- coupled to the primary I/0O bus 20.

plurality of

i nes 97

Read sel ector 80 is programed
nore of the
Secondary

wite data bus port 72 is programmed by configuration bits 74 to desel ect

al |
conparison circuit c

outputs 79 as desc

r_L%eﬂ_a.bm&_le
& Gonfigured

e pRédramuabl e parity checking and
in many other ways to provide a

variety of parity quLQL gonparison flunctions, including conbinations of
t he above exanpl es, nd__t1 accommodatje 4variety of routing patterns. Wile
the invention ha ee particularlj? shown and described with
reference to prefe 2ed e di ments tHer é, it will be understood by those
skilled in the -art t#gt MMious other cgg ges in formand detail nay be
made therein mﬁthoﬂg‘d€gdﬁ;ing fromt spirit and scope of the invention.
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CLAI M5 1. A ‘programmabl e parity and-conparison circuit conprising: a
fi'rst plurality of inputs; a second plurality of inputs, the second
plurality of inputs programmably selectable froma third plurality of
inputs and a fourth plurality of inputs; and a first circuit coupled to the
first and second plurality of inputs for generating a parity bit based on
the first and third plurality of inputya for generating a conparison bit by
performng a bit-w se conparison of the first and fourth plurality of

i nputs, and programrably sel ectable for providing at an output one of the
parity bit and the conparison bit. 2. The circuit as recited in claiml
wher ein the fgrst—etrewt t— Hs—cont-i-gur able—t e provi-de -an—edd-partty bit or
an even parit bit.‘%. vﬂhe circuit as reched in claiml whereijn the
first pluralify of | DUt is! and third plurality of |nputsg§epresent‘

conpl ement ary, portionszol a word to &e ~a nendf Y _array.} 40 The
circuit asé?ekj,;ed i & m 3 wherei Mt L < >z -
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pIurallty of i d plurality of inputs represent alternaﬁﬂng { (
bits of yth ﬂ%ﬁ“‘@ M en to the nenory array. 18 5. The circ w?
as reC|ted | ereln the first plurality of inputs and third \
plurality of inputs represent conplenentary portions of a word read froma
menory array. 6. The circuit as recited in claim5 wherein the first
plurality of inputs and third plurality-of7+nputs represent alternating
bits of the morﬁ read fromthe nmenory array. 7. In a menory array having
a plurality of y blocks, a primary I/O bus for carrying data to and
fromthe nenory array, and a secondary I/O bus for carrying data between

menory bl ocks withi A tdi@genmalyl el panityd apd Q@inpaiabh ecipatnit omprisaagpar i son
circuit conprising: a parity input routing circuit conprising a first
plurality of inputs and a second plurality of inputs, the second plurality
of i nputs programmably selectable froma third plurality of inputs and a
fourth plurality of & fptRts pliheliin ofh&nButsst and third plurality of inputs
are connectable to the primary 1/0O bus and the fourth plurality of inputs

are connectabl e t0 Hhg3eRANEREYal ¥ty S inputs, the second plurality of
inputs programmably selectable from a third plurality of
inputs and a fourth plurality of inputs; and

a first circuit coupied to the first and second blurality
of inputs for generating a parity bit based on the first
and third plurality of inputs, for generating a comparison
bit by performing a bit-wise comparison of the first and
fourth plurality of inputs, and programmably selectable for
providing- at an output one of the parity bit and the
comparison bit.

f 2. The cifcuit as recited in claim 1 wherein the first circuit
is configurable to provide an odd parity bit or an even
parity bit.

3. The circuit as recited in claim 1 wherein the first
Plurality of inputs and third plurality of inputs represent
éomp}ementary'portions of a word to be written to a memory
array.

4. The circuit as recited in claim 3 wherein the first
plurality of inputs and third plurality of inputs represent
alternating bits of the word to be written to the memory

e array.
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a parity/conparé circuitcoupled to the first and second plurality of
I nputs frorg gen ' ' arity bit based on the first and third
plurality of i ﬁmkmmﬂ”‘wgm“ ng a first conparison bit by performng a
bit-w se conparrson shestl kst and fourth plurality of inputs, and
programmabl y sel ectabl e for providing atl8a first output one of the first
parity bit and the first conparison bit; and a configurable parity output
routing cid cui tTheocipduitdas cecithed ipaddity 1 owlgoein ehe ifirstupliralior of dhmntd ane [third
driving one of the parity bit or the first conparison bit onto one of the
primary 1/ 0O busplaattytdfansas fpekaent dohdpldmtary portidnSof a woldead g /mEaire
parity and conparison circuit as recited in claim7 wherein the parity
i nput routing gifeuit further conprises an input selector for selectively
coupling one of a“plurality of auxiliary inputs to at |east one of: the
parity/ conpare -gj.r Gui t | d} ' r] .t he
parity ou{ggut I”lg{l?t |1#§Htc%5?ge§?§&%.%£& ?@%ﬁég@%ﬁ@bﬁ {éra%%?ﬁﬁ@g% a‘é‘ﬁg‘é I son
circuit as recited.,in claim8 wherei.n the guxiliary inputs._nclude a
or edet er mi ned PUFAKYY 9 mputsseprcien Allbmaline 5.t 15 uard ek e SmeRiosy
as recited in claim8 wherein the auxiliary inputs include a second parity
bit previously &@¥erated. 11. The progranmabl e parity and conpari son
circuit as recited in claim?7 wherein: '

- T In a memory array having a plurality of memory blocks, a primary I/O bus for

carrying data to and from the memory array, and a secondary I/O bus for carrying
data between memory blocks within the memory array, a programmable parity and
_comparison circuit comprising:

a parity input routing circuit comprisihg a first plurality of inputs and a
second plurality of inputs, the second plurality of inputs programmably selectable
from a third plurality of inputs and a fourth plurality of inputs, wherein the first and
third plurality of inputs are connectable to the primary I/O bus and the fourth
plurality of inputs are connectable to the secondary /0 bus;

a parity/compare circuit coupled to the first and second plurality of inputs for
generating a first parity bit based on the first and third plurality of inputs, for
generating a first comparison bit by performing a bit-wise comparison of the first
and fourth plurality of inputs, and programmably selectable for providing at a first
output one of the ﬁrét parity bit and the first comparison bit; and

a configurable parity output routing circuit coupled to the parity/compare circuit for

selectively driving one of the parity bit or the first comparison bit onto one of the

primary /O bus and the secondary /O bus. REPLACEMENT SHEET
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the parity input routing ci rcwt further conprises a fifth plurality of

| nputs and inputs, the sixth plurality of inputs
program’rablljlmﬁun uuHuﬂf'”m a seventh plurality of inputs and an eighth
plurality of"input's, "whé&refn the fifth and seventh pl urality of inputs are
connectable to the secondary |/ O bus and®the eighth plurality of inputs are
connectable to the primary 1/0O bus; the parity/conpare circuit is further
coupl ed t8-t he%bmwrammablmaﬂtpam abmpyrisofi cirppitiasrecsed gedleimafiwigreingbe ond
parity bit based on the fifth and seventh plurality of inputs, for

generati Ag a seeaftydirponpantigpRirbuit fagthqrecdnaprives gnainput seleser donpelectdwhy of
the fifth and eighth plurality of inputs, and programuably sel ectable for

providing at acﬁmﬁfg%r@l&fatﬁuﬁn@drfaukilmarysﬁﬁ&@d)medswné%ﬂ and the second

conmparison bit. The progranmabl e parity and conparison circuit as

recited in claiyp ué.cﬂ. ¥yg S Ehrd chrldfit 61fp<r5v1ﬁing l)ﬂh&yb Sdf%Hl@ﬁl{lghbaﬁ&]{Heﬂ{anﬁyt o

plurality of inp pr sent alternatin Its o
t he nenory arrai{ ag \{\ln rein the fifth plurality of inputs and 20 the
seventh plural P ?u ¥°“i BB G -epr esent al ternating bits of a word read from
the nenory arra The programmabl e parity and conparison circuit as
recited i clai ?Iogxn@fr@b# FATEY BBd FOPABRD SHEUE 2§ fegited i fleimef vhisnpinities
first logic means for conparing first and second conparison bits and for
provi ding a V\oaubﬂb@wpapmts inelusletapredetermined value,
10.  The programmable parity and comparison circuit as recited in claim 8 wherein the
auxiliary inputs include a second parity bit previously generated.
11.  The programmable parity and comparison circuit as recited in claim 7 wherein:
the parity input routing circuit further comprises a fifth plurality of inputs
and a sixth plurality of inputs, the sixth plurality of inputs programmably selectable
from a seventh plurality of inputs and an eighth plurality of inputs, wherein the fifth
and seventh plurality of inputs are connectable to the secondary I/O bus and the
eighth plurality of inputs are connectable to the primary 1/0 bus;
the parity/compare circuit is further coupled to the fifth and sixth plurality of inputs
for generating a second parity bit based on the fifth and seventh plurality of inputs,
for generating a second comparison bit by performing a bit-wise comparison of the
fifth and eighth plurality of inputs, and programmably selectable for providing at a
second output one of the second parity bit and the second comparison bit.
12.  The programmable parity and comparison circuit as recited in claim 11 wherein the

first plurality of inputs and third plurality of inputs represent alternating bits of a

word to be written to the memory array and wherein the fifth plurality of inputs and
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14. The prﬂmﬂﬂm and conparison circuit as recited in claim13
wher ei n ;t he cuit further conprises: a secondary i nput

sel ector for stlectitvel'y €oupling one of a plurality of auxiliary inputs to
at | east one of: the parity/conpare circuit for providing another basis of
conparison, and the parity output routi r?é) circuit, wherein the auxiliary

I nputs include a predeterm ned val ue; and second | ogic neans for conparing
one of the firsthemevenib plurdlityhef imputsrepresenp alternatinghkitpoa evard meate fromathee.
15. The progranmmabl e parity and conparison circuit as recited in claim 14
wherei n the parikesodpégast. routing circuit conprises: a first circuit for
driving the first output onto the secondary |I/O bus; and a second circuit

for driving oneTrd ploBemiBaKle pRAR N H%@Hlf)@ﬂsio@wircuﬁ Eﬁfrefchéd th QuhPYf whBliPthe
predet er mi ned val ue onto the primary 1/0O bus . he programmabl e parity

and conpari son g;?la{r t§}éb gﬁ‘xt%l Jn%ﬁittfﬁghérnco?ﬂp?i?g@ ﬁéﬂ}%@ Fﬂe&nst fe c%fi@%xgﬁ ?i%ét%ht

conprises a si con onl ng neans progranna y and
conmparison circuit as recited.in aim n the.s condltlonlng
roans recei ves SROMTPEIR e B erafin 8 ot Fernpishh B0BL "2t “an out pot
the input 1's I. g na’ll“hel, Srogpanlmngelg tpgr?ty arrllg r::oing\a{r?src}nec(ljrcm? ra.s lre%}tgc? ﬁldclgm 13 wherein the
parity/compare circuit further comprises:
a secondary input selector for selectively coupling one of a plurality of
auxiliary inputs to at least one of:
the parity/compare circuit for providing another basis of comparison, and
the parity output routing circuit, wherein the auxiliary inputs include a
predetermined value; and
second logic means for comparing one of the first output and the second
output to the predetermined value.
15.  The programmable parity and comparison circuit as recited in claim 14 wherein the
parity output routing circuit comprises:
a first circuit for driving the first output onto the secondary I/O bus; and
a second circuit for driving one of the word comparison output, the third
output and a predetermined value onto the primary I/O bus.
16.  The programmable parity and comparison circuit as recited in claim 15 wherein the
second circuit comprises a signal conditioning means.
17.  The programmable parity and comparison circuit as recited in claim 16 wherein the
signal conditioning means receives an iﬁput signal and is configurable to provide at

an output the input signal in an inverted, non-inverted, or latched form.
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21 18. The progr r|t and conparison circuit as recited in claim
7 wherei;n it he parllm 'ﬂji”i'ﬂ! circuit conprises: a first circuit for
driving the first econdary I /O bus. 19. The progranmabl e
parity and conparison circuit as Teci tegy n claim?7 wherein the first

plurality of inputs and third plurality I nputs represent alternating

bits of al gvo ' dThg p?c?gramrg}rfa})l%npatn(t)y g.l’?(f cgggﬁfs%'n grcr:uny as recited in claim 7 wherein the
parity output routing circuit comprises:
a first circuit for driving the first output onto the secondary 1I/0 bus.
19. | The programmable parity and comparison circuit as recited in claim 7 wherein the
first plurality of inputs and third plurality of inputs represent alternating bits of a word to

be written to the memory array.




