
;QRe3eQvN<L6"Tv3519 April 2002   A SYSTEM FOR PRODUCING AND TESTING SIMM
MEMORY MODULES BY UTILIZING ARAM MEMORY CHIPS SPECIFICATION This invention
broadly relates to ARAM memories and more particularly it concerns a system
for utilizing such memories in any applications the specifications of which
would require memories of better performances. Still more particularly,
this invention relates to a system for accomodating the failures of ARAM
memories at least to such an extent as to enable them to be utilized in
applications having more severe requirements, such as for instance the
realization of SIMM modules for computers and like. Audio DRAM memories)
so-called ARAM memories, ~ are dynamic DRAM memories, having a certain
failure rate) namely they have failing bit locations in irregular or random
positions. ARAM memories are utilized in audio application, such as
telephone transponders or answering machines) since their failure rate is
such that a voice message stored therein can be played back without
noticeable defects, in view of the fact that it is capable to accomodate
any missing information, by means of integration and interpolation
mechanisms.   19 April 2002 2 Use of these memories in these applications,
therefore, raises no problem, unless certain failure rate limits are
overcome. For instance, they could not be anyway utilized, should some rows
or some columns be completely failing; in fact not even the human ear could
accomodate such relevant lack of information by integration or
interpolation mechanisms. The specifications of these memories, therefore,
not only aim at establishing a maximum failure rate limit, but they also
introduce the requirement that the failures should anyway be located in
random positions. In addition to these requirements) even if 99% of the
memory locations are properly operating, such ARAM memories could not be
employed in computer conventional applications, due to the fact that the
addresses of all failing bits are randomly dispersed within the memory
array. In other words, when a conventional ARAM memory is considered, it is
conceivable to build up a correction system to correct any failing bit) by
means of a correction system assimilable to a transmissive channel: that is
a channel in a certain manner affected by noise. The problem of all failing
memories can be coped with by considering  the memory and consequently the
scanning procedure of the memory like a bit string to be corrected by the
same techniques as for transmissive channels. But, while in transmissive
channels) we may consider a mainly sequential string, in computer
applications, the string to be considered is certainly random, rather than
sequential. An error code should be studied, therefore, adapted to cope
with information that can be randomly stored in and retrieved from the
concerned memory. When the problem of applicability of ARAM memories to
computers is to be solved, it is necessary to start from an analysis of the
failure patterns of such memories. Only when the failure topology of an
exemplary population of ARAM memories, combined together so as to implement
a code word (8 data bits and 4 redundance bits), is detailedly analysed, it
is possible to define a circuitry adapted to correct any error containing
data. By utilizing the probability theory, the probability to have a fully
good word, or a word affected by a single error or by dual errors or by
more than two errors is analysed. After having analysed the error
probabilities, mathematical and    



19 April 2002 3 cost evaluations are considered: in fact, if) on one hand)
the solution of the problem is always mathematically possible, the involved
costs could make such a solution unadvisable. More specifically, the
failure rate categories for each code word in a memory bank are as follows:
A - a failure rate involving a single bit in a code word; B - a failure
rate involving multiple bits in a code word, each bit coming from a
different memory chip; C - a failure rate involving multiple bits in a code
word, occurring in a single memory chip. As above mentioned, the broad
solution of the problem is rather simple and several solution examples are
available in the literature. However, all known solutions mainly approach
the problem to enhance the reliability of large size memory systems.
Furthermore) such solutions are expensive and certainly are not adapted to
be utilized in low cost applications. From a specific view point) the prior
art solutions are not suitable for utilization in SIMM (Single In-line
Memory Modules) modules for computer (PC) applications. ' It is the broad
object of this invention to illustrate a proposal aimed at minimizing to
redundancy needed for error correction (EC) purposes and at minimizing the
costs connected with manufacturing an Application Specific Integrated
Circuit (ASIC) designed to perform such function within the concerned SIMM
memory module. lower complexity environment. By recalling the above
illustrated failure cathegories, the The ideal solution is to adopt an
error correction code (ECC) of a mufti-stage type, or, in other words, to
establish a mufti-stage procedure wherein, as hereinbefow discussed, each
stage reduces the failure rate by one degree, thereby enabling the
subsequent stage to operate in a following procedure is carried out: -
since failures of type C are not very frequent (one out several hundred
millions)) it is conceivable to implement a small associative memory within
the ASIC in order to store/retrieve both the address (as identified during
the test procedure) and the data (as generated during operation) of all
failing locations;   19 April 2002 



4 - failures of type B are coped with by converting any condition wherein m
errors occur in one word into a condition wherein m words are found each
including a single error; as it will be seen, a special circuitry is to be
implemented within the ASIC and a special layout of the Printed Circuit
Board (PCB) is to be designed in order to have each memory chip connected
to a dedicated address bus; - at this point, all failures of type A are
definitely formed by single failing bits, which can be corrected by
applying an error correction code (ECC) of normal conventional type, such
as for instance a compact Hamming code. Of course) at this point, a high
number of failing bytes still remain due to the fact that, when, for
instance, two memories are combined together, even if each of them is
affected by an allowable failure rate, it is meaningfully likely that, upon
combining them together, the allowable failure rate is overcome. Since the
error rate is anyway small and the errors are completely random, the basic
idea of this invention is to scramble the addresses routed to one of the
two memories. Under the term scrambling or reconditioning, the linear
mathematical transformation function of the address area of one of the two
memories with respect to the other should be understood, in a completely
congruent and biunivocal manner, so that no address with two coincident
failing bits can be found. As it will be seen, the most convenient way to
perform this address scrambling function provides for adding a constant to
the concerned address and the result thereof is to eliminate all double
error conditions, thereby returning to single error conditions. Further
details and advantages of this invention will be evident from the following
specification by referring to the enclosed drawings wherein the preferred
embodiment is shown by way of illustration and not by way of limitation. In
the drawings: Figure 1 shows the architecture of a SIMM module according to
this invention, wherein an internal address bus, specifically adapted to
cooperate with each memory chip as well as an ASIC module for implementing
the above mentioned functions are used; Figure 2 shows the details of the
ASIC module of Figure 1;   19 April 2002 5 Figure 3 shows a computer test
system for testing the SIMM modules according to this invention; Figure 4
shows the details of the ASIC modules utilized in test equipment according
to Fig. 3; Figure 5 shows a block diagram of the address scqmbling
function, as performed in this invention; Figure 6 shows a different
embodiment of the interface ASIC circuit. Aiming at detailedly explaining
the above and by referring to Figures 1 and 2, the concerned ASIC module is
designed for interfacing failing memory chips, particularly according to
ARAM specifications, as mounted on 72 pin SIMM modules. The ASIC module
selects a complete word or a single byte out of the four available ones at
each access to the memory. The implementations of the considered memory
matrices or arrays are as follows: - 1 M x 32 by using twelve 1 M x 4
chips, - 1 M x 32 by using three 1 M x 16 chips, - 2M x 32 by using six 1 M
x 16 chips, ' - 1 M x 32 by using two 1 M x 16 chips and four 1 M x 4
chips, - 4M x 4 by using twelve 4M x 4 chips. 



Two solutions are employed to correct the failing data or memory locations:
- a first solution is based upon the Hamming code, adapted to correct a
single failing bit in a string of twelve bits (8 data bits and 4 parity
bits); - a second solutution selects, for each row address, those chips
having fully operative rows for this specific address, so as to supply the
Host CPU with error free data words: no error correction or parity bit
generation is furnished. The two above mentioned procedures have some
inherent limitations: - the Hamming code is unable to handle more than one
failing bit per byte; - the row redundancy is unable to furnish error free
data when all memory chips have failing rows at the same row address.   19
April 2002 6 The ASIC circuit as proposed by this invention provides two
particular mechanisms to overcome these limitations: - scrambling the row
addresses in order to disperse the errors occurring in multiple rows at the
same row address: this address scrambling step is carried out by utilizing
two constants identified during the test procedure; - inserting an
associative memory into said ASIC circuit in order to materially replace
any failing memory cell in the array. When the Host CPU selects one of
these memory cells, the ASIC circuit carries out an internal storing (or
retrieving) operation of data by utilizing the locations of the associative
memory. The ECC function is performed by delaying the access to the memory
array in order to calculate the parity bits for each byte; if it is desired
to minimize this delay, the initial write cycles of these memory cells are
converted by said ASIC circuit into delayed write operations. In redundancy
mode, the data are retrieved from an on-chip SRAM memory in order to
configure an internal m ultiplexer function aimed at enrouting the data
to/from error free memory locations. The input data word is divided into
four bytes which 'are reconfigured into a six byte output word; it should
be understood, however, that only four out of six bytes will be mapped in
error free memory locations. The conversion from an initial write cycle to
a delayed write cycle takes place in the redundancy mode, as well.
t=urthermore, as it will be observed hereinafter, a special functionality
is provided for testing the memory under exclusion of the ECC circuitry as
well as for identifying any failing memory locations: the address
scrambling constants and the associative memory locations are suitably
programmed during the test procedure) based upon the failing location map
or so-called fail map. As far as the error correction functionality is
concerned) when the proper selection bit is set in the Configuration
Register, the concerned ASIC circuit calculates in each write cycle four
parity bits in each byte, thereby generating a 36 bit data string and
ignoring any parity bit furnished by the Host CPU. At each read read cycle,
the data are corrected by utilizing the parity bits and the external parity
bit is furnished by the Host CPU. Access to a single byte in a word is
enabled in read or write mode without corrupting the remaining data bits.
19 April 2002 7 As far as the row redundancy functionality is concerned, it
can be utilized when the memory array implementation does not enable
accessing to the single code words. In this case, the 32 bit external data
word is converted by a multiplexer module into a 48 bit internal word and
the data bits are stored into or retrieved from the memory array only by
utilizing error free memory cells. 



In read mode the above discussed ASIC circuit utilizes an onchip SRAM
memory (5 bit x 512) to select the four good bytes out of the six available
ones, while, in write mode, said SRAM memory is utilized to reconvert the
four data bytes into four good memory bytes out of the six available ones.
When it is desired to convert an ARAM memory into a valuable DRAM memory,
it is necessary to locate all failing locations (mapping test) and this
specific test operation is to be carried out in factory, in order to
identify the row address scrambling constants, as well as all those
addresses to be stored in the locations of the associative memory in order
to make the memory array completely operative. Upon being generated, this
information is to be stored in an external not-volatile memory comprising
an EEPROM memory. Aiming at shortening the test time, it is possible to
utilize a specific ECC technique different from the one utilized within the
SIMM module. By utilizing this technique, it is possible: - to prevent any
error signal from being generated when the failure rate is in the specified
range and the errors can be corrected by means of the ECC code at SIMM
level; - to interrupt the CPU by which the test program is carried out only
when the concerned errors involve multiple chips and an address scrambling
procedure is to be carried out; - to prevent any error signal from being
generated when multiple errors involve a single chip at a specific address,
thereby automatically recording the failing address. As it can be observed
in Figure 3, a multiprocessor architecture is adopted) wherein the computer
tests, in parallel, the four code word arrays of the SIMM module, while the
ASIC module provided therein interfaces the CPU to the internal SIMM buses,
by generating the data patterns and analyzing the read data so as to check
their correctness.   19 April 2002 8 The test flow to be implemented
comprises the following steps: - a parametric test to identify the short
circuit or open circuit conditions, both at connector level and at all test
sites to access to networks not accessible through the connector pins; - a
mapping procedure to individuate the assembly of the constants and of the
addresses of the associative memory by which the SIMM module is made
operative at a coarse test level; - a full operativeness test of the SIMM
module at a convenient fitness level (it should be remarked that ARAM
memories are not completely tested); - a full re-analysis of all those
units that cannot be mapped; - a further mapping procedure for al! those
SIMM modules that do not overcome the operativeness test. Summarizing the
hardware aspects of this invention, a SIMM module has been heretofore
described including an ASIC module designed as to broadly comprise: - means
to carry out an ECC codification function, - means to carry out an ECC
decodification function, 



- means to carry out a parity generation function, ' - means to carry out
an address scrambling function, - means for indicating an abnormality
condition, - means to carry out a scrambling function on external strobe
signals so as to implement a correct timing sequence (read and write) with
inclusion of all dalays due to said scrambling and
codification/decodification operations, - means for reading/writing a data
not-volatile memory (internal memory in the AS1C implementation, external
memory for prototypization purpuses), - means to carry out a proper set up
function for the constants utilized for the address scrambling function; -
means to carry out the generation function on-board and then within the
SIMM reset module of the ASIC circuitry. The preferred embodiment of this
invention has been hereinbefore explained, but it should be understood that
those skilled in the art can made variations and changes therein without
departing from the scope of this invention.   19 April 2002 9 CLAIMS 1. A
SIMM (Single In-line Memory Module) memory module for use in computers and
similar low failure rate applications comprising ARAM (Audio DRAM) memory
chips provided with internal address bus for each memory chip and an ASIC
(Application Specific Integrated Circuit) module for outer interface,
adapted to correcting the following failure categories: A - failures
affecting a single bit in a code word, B - failures affecting multiple bits
in a code word, each bit coming from a different memory chip) C - failures
affecting multiple bits in a code word in a single memory chip. 2. A SIMM
memory module according to claim 1, characterized in that said ASIC module
comprises: - a codes functional block, 



- a decoder functional block, - an address reconditioning or scrambling
block, connected to the address bus of the system, - a functional
associative memory block) - a functional multiplexes (mux) block) - a
functional timing controlling block, to receive the system strobe signals
and to furnish the internal strobe signals, said associative memory block
being connected between said address scrambling block and, through said
multiplexes block, said decoder block. 3. A SIMM memory module according to
claim 1, characterized in that said ASIC module is organized so as to
broadly comprise: - means to carry out an ECC codification function, -
means to carry out an ECC decodification function, - means to carry out a
parity generation function) - means to carry out an address scrambling
function, - means for indicating an abnormality condition, - means to carry
out a scrambling function on external strobe signals so as to implement a
correct timing sequence (read and write) with inclusion of all dalays due
to said scrambling and codification/decodification operations)   19 April
2002 10 - means for reading/writing a data not-volatile memory (internal
memory in the ASIC implementation, external memory for prototypization
purpuses), - means to carry out a proper set up function for the constants
utilized for the address scrambling function; - means to carry out the
generation function on-board and then within the SIMM reset module of the
ASIC circuitry. 4. A SIMM memory module according to any one of the
preceding claims, characterized in that it comprises means to correct the
failures of category A involving a single bit in a code word by application
of a conventional error correction code (ECC), for instance a Hamming code;
means to correct the failures of category B involving multiple bits in a
code word, with each bit deriving from a different memory chip, by
conversion from a condition wherein there are m errors in a single code
word to a condition wherein there are m code words each including one
error; and means to correct the failures of category C involving multiple
bits in a code word occurring in the same memory chip) by an associative
memory included in said ASIC module for storing/retrieving the addresses
identified during the test procedure and the broad normal operation data
relating to all failing locations. 5. A system for computerized test of
SIMM memory modules according to preceding claims 1-4) characterized in
that the concerned computer tests, by means of a multiprocessor
architecture, the four codeword arrays of the SIMM module by means of an
ASIC module which interface the CPUs to the internal buses of the SIMM
module, by generating data patterns and analyzing the read data in order to
check their correctness in comparison to internally stored data. 6. A
system according to claim 5, characterized in that said ASIC modules also
comprise means for carrying out data pattern generating functions) means
for carrying out error checking functions and means for carrying out
filtration functions of any error conditions amenable to be corrected to
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