
;e3egd4.$6TTGN0 ,.  MEMORY CIRCUITRY WITH AUXILIARY''WORD LINE TO OBTAIN
PREDICTABLE ARRAY OUTPUT WHEN AN INVALID ADDRESS IS REQUESTED BACKGROUND OF
THE INVENTION 1. Technical Field The present invention relates in general
to computer memory components and in particular to reading data from
computer memory components. Still snore particularly, the present invention
relates to a method and memory array circuit design for obtaining
predictable array output when an invalid address is requested from a memory
component. 2. Description of the Related Art Computer memory components,
e:g., random access memory (RAM) and read only memory (ROM), are designed
with arrays that are subdivided into a number of address lines that hold
data. Each line is capable of holding a certain amount of data based
primarily on the size of the line. The total number of lines is typically a
power of two (i.e., 2N, where N = l, 2,...). The address of the line is
utilized to find and access stored data when the data is desired to be read
from memory. During development of a memo array, the memory chip is made to
undergo a series of logic test to ensure that data is being read correctly.
During the logic tests of a read-only memory (ROM) array, the array is sent
random addresses and is expected to give a predictable output. When a valid
address is read, the output is  



-2 predicted to be the data in that address, and the control logic
circuitry of the memory array is reset for the next data access. If the
number of word lines contained in the array is not a power of two, there
will be some addresses that are "invalid". An invalid address occurs
whenever a memory array has more address space than array space. Attempts
to read an address that does not contain valid data often proves to be
problematic because the result i s not predictable. This problem occurs
irrespective of if the arrays are ROMs or RAMS. Thus, during the logic
test, whenever the random address generator selects these invalid addresses
to send to the memory component, there are no corresponding word lines from
which data may be provided; however, the memory array still needs to
provide a predictable output for the logic test and also has to have its
control logic circuitry reset for the next data access. Some memory array
designs decode the invalid address and directly put predicable data in the
data out latches. With these designs/methods, however, if an invalid
address is incorrectly decoded as a result of skew or a glitch, etc., the
read will be ended before the array can correct the data. This ultimately
degrades the setup time as illustrated in the timing diagram of Figure 1A.
Other designs map the invalid addresses) into valid address spaces.
However, address mapping is not always possible, particularly on memory
arrays with certain pre-decode addressing schemes that are optimized for
performance. Figure 1C illustrates the example timing diagram for such
designs. A third ROM design handles invalid addresses by ignoring them. No
data out latch is updated and no circuitry is reset. The ROM waits for the
next valid address to be clocked into the chip as shown in the sample
timing diagram of Figure 1B.   -3 This is achieved at the expense of
performance. An address latch is used that is normally closed and only
opens briefly after a clock signal falls in order to capture a new address.
A performance-oriented design requires the latch to be normally open and
closes immediately upon falling of the clock signal. An internal reset is
required at the end of operation to re-open the address latch. The present
invention recognizes that it would therefore be advantageous and desirable
to have a memory system design and method that enables the utilization of
any address pre-decoding and still efficiently and correctly handle invalid
addresses. A method and memory system design that prevents a partially
decoded address from being interpreted as invalid and resetting the array
prematurely would be a welcomed improvement. These and other benefits are
provided by the present invention. SUMMARY OF THE INVENTION Disclosed is a
method and memory circuitry design for efficiently obtaining predictable
array output when an invalid address is requested. The memory circuit
design comprises an invalid word line path in addition to the standard
valid word line path, In order to provide correct output, a dummy word line
output of a first decode logic is delayed and the delayed dummy word line
output is ANDed with a word line output to update the data out latch.
Further, the invalid word line output of a second decode logic is also
delayed, and the delayed invalid word line output is ORed with the delayed
dummy word line output to reset the control logic. ORing the delayed
signals allows the predictable output to be provided at a same clock time,
irrespective of whether a valid address or an invalid address is decoded. 



In the preferred embodiment, maintaining similar clock times for valid and
invalid addresses is completed by running the invalid word line path
parallel to the   -4 dummy word line path. Also, both line paths are run on
the perimeter of the memory array to allow for scaling as the array
increases or decreases in size. The method of the invention is different
from the prior art because it uses an auxiliary address path to achieve a
similar cycle time as a normal array read. Further, when an invalid address
is requested, the chip does not "hang" and is made ready for the next read.
When an invalid address is requested, the chip produces predictable data on
the output latches and is ready for the next read. The above as well as
additional objects, features, and advantages of the present invention will
become apparent in the following detailed written description.   _g_ BRIEF
DESCRIPTION OF THE DRAWINGS The novel features believed characteristic of
the invention are set forth in the 



appended claims. The invention itself however, as well as a preferred mode
of use, further objects and advantages thereof, will best be understood by
reference to the following detailed description of an illustrative
embodiment when read in conjunction with the accompanying drawings,
wherein: Figures lA-1C are cascading timing diagrams of the operation of
existing memory array system; Figure 2 is a block diagram of a memory array
system design with an auxiliary word line in accordance with a preferred
embodiment of the present invention; Figure 3 is a flow chart of the
process by which predictable array output is obtained when an invalid
address is requested from a memory array system designed in accordance with
Figure 2; Figures 4A-4C are cascading timing diagrams illustrating the
operation of the memory array system designed in accordance with the
present invention; and Figure 5 is a flow chart of the process by which
predictable array output is obtained when utilizing the testing method
provided according to one preferred embodiment of the present invention.   



-6 DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT The present invention
provides a method and memory component for obtaining predictable output
when an invalid address is requested from a specially designed memory array
system having an auxiliary word line and related functionality. With
reference now to the figures and in particular with reference to Figure 2,
there is illustrated a black diagram representation of address accessing
circuitry of memory component 200 according to the preferred embodiment.
Address accessing circuitry comprises two line paths for handling received
address pre-decode lines 202, The first path 201 includes valid address
logic 205 for decoding a valid address. Valid address logic 205 has two
output lines, word line 207 and dummy word line 208, each selected based on
the output from valid address logic 20S. Dummy word line 208 is coupled to
first "X" delay logic 209A, which delays the signal from dummy word line
208. The second path 203 includes invalid address logic 211 for decoding
and manipulating invalid addresses. Invalid address logic 211 has a single
output line, invalid ward line 212, which is coupled to a second "X" delay
logic 209B. At the end of the first path 201, the signals/data present on
word line Z07 and delayed dummy word line 210 are ANDed together via AND
logic 213, and the output from the AND logic 213(i.e., the result of the
ANDing operation) is coupled to data out latch 217. The result of the
ANDing operation triggers an update of data out latch 217. The delayed
dummy word line 210 and delayed invalid word line 214 are ORed via OR logic
215. The output of OR logic 215 is coupled to memory control logic 219. The
result of the ORing operation provides a trigger to reset memory control
logic Z19.    The delayed invalid word line signal is also coupled to logic
2Z1 that controls the data out latch 217 and causes the data out latch 217
to remain unchanged. Accordingly, in operation, when an invalid address is
received (or detected), the two-line memory array system decodes the
invalid address utilizing invalid address logic Z11 and fires and "invalid
word line" 212 instead of the "dummy word line" 208. The normal array
(i.e., word line 207) does not fire, and the invalid word line 212 leads to
circuitry to reset the control logic 219 in preparation for the next data
access. Also, the data output latches do not change from the prior address
access, and thus, the memory component provides a predictable result. one
advantage of the invention is that it requires few logic or signal
additions. The memory design is able to utilize existing performance driven
pre-decode address lines. A few logic gates may be added to the dummy word
line circuitry to create the detection and drive of the invalid Word line.
Thus, no new circuitry is needed. Another feature of the invention is that
similar timing paths are generated far the valid and invalid reads as
illustrated in Figures 4A-4C. Figures 4A-4C provide cascading timing
diagrams showing the predictable and correct resolution of an invalid word
line in a single access cycle. When contrasted to cascading timing diagrams
of the memory designs provided in Figures 1A-iC, the performance benefit
when invalid word lines are provided is measurable. Thus, timing diagram
401 for valid addresses, timing diagram 403 for invalid addresses, and
timing diagram 405 for valid addresses with an invalid glitch are almost
identical. This feature of the operation of memory array component 200
allows reduced setup times because an incorrect decode "glitch" of an
invalid address will process in parallel with the correct valid decode. The
dummy word line and invalid word line will reset the circuitry at the same
time allowing far the proper data in the data out latches.   _g_ In the
operation of some existing prior art, such as presented in Figure lA, in
which an invalid address is decoded and the circuitry is simply reset, a
decode glitch could shut the memory down before proper data is presented to
the data out latches. This problem forces the prior art memory design to
wait longer to ensure there will be no improper decodes. 



The present invention's similar timing is achieved by running the invalid
word line parallel to the dummy word line around the perimeter of the
array. As the array grows and shrinks for each chip, the invalid word line
will also grow and shrink with the dummy word line. The invention utilizes
existing pre-decode lines far the invalid address decode. Also, no extra
placeable kernels are required since the invalid word line logic takes
place in the same cell as the dummy word line logic. In the preferred
embodiment, the invalid word line runs parallel to and along side the end
word line and bit line of the array. The invalid ward line grows with the
array size to achieve a similar timing as the normal dummy word line
timing. A glitch on the invalid word line will, therefore, not end the
current cycle before the proper data is stored in the data out latches. By
utilizing an auxiliary "invalid" word line, the timing delay is made
similar to that of the normal "dummy" word line path. The timing and/or
path of the invalid word line will grow and shrink with the other word
lines as various size memories are grown. Because of the timing similarity,
if an invalid address is decoded as the address lines are changing, the
invalid address does not have a chance to "cut off ' a valid address memory
access once the address lines stabilize.   .g_ Figure 3 illustrates a
sample operation of memory component 200 of Figure 2. The process begins at
block 300 and proceeds when an address is received as shown at block 301.
Once received, the address is decoded as illustrated at block 303. After
(or while) the address is decoded, the memory decode logic decides at block
305 whether the address is valid or invalid. If the address is valid, then
the normal word line and dummy word line path are enabled at block 306. The
data out latch is updated and the memory chip pre-charges, and the memory
control logic is reset at the end of the cycle as depicted at block 307.
The operation then ends at block 311. The invention provides several
advantages, including: ( 1 ) the provided method may be used with any
address pre-decode scheme; (2) timing is similar to that of the normal read
path because the invalid word line path grows and shrinks with the various
array sizes; and (3) all logic dealing with the invalid address occurs
within the current cycle, so a high performance chip has no "front end of
cycle" baggage that will limit performance; and (4) if completing a
compilable memory on ASIC chips, the method does not create extra placeable
kernels. MEMORY CIRCUITRY TESTING WITH PREDICTABLE OUTPUT As previously
described, if the number of word lines contained in the array is not a
power of two, there will be some addresses that are "invalid". An invalid
address occurs whenever a memory array has more address space than array
space. Attempts to read an address that does not contain valid data often
proves to be problematic because the result is not predictable. Memory
designs handle invalid addresses several ways: some map invalid addresses
to valid addresses; some update the data out latches to a particular state;



_ao_ and others simply leave the data out latches unchanged. It is
challenging to test a circuit when no changes occur. The invention provides
a method on haw to comprehensively test each invalid address for a design
that does not update its data out latch when an invalid address is read.
Notable differences between the design of the present invention and some
previous designs include the initialization vector and SISR output. One
embodiment of the invention provides a unique testing method by which the
memory circuitry may be correctly tested. The invention recognizes that the
new circuitry described above needs to be tested exhaustively for stuck-at
faults, etc. Furthermore, the invention recognizes that although invalid
addresses are logically adjacent, they should not be tested consecutively.
Figure 5 is a flow chart illustrating the process by which the response of
the memory array circuitry to invalid addresses is tested. Several function
blocks of Figure 5 are similar to those described above in Figure 3;
however, the process illustrated in Figure 5 has global application to the
testing of any memory component that traditionally does not update its data
out latch when an invalid address is read. The preferred testing procedure
requires alternating of valid and invalid addresses. In built-in self test
(BIST) mode, the memory system may be set to the address corresponding to
the maximum power of two within the array and decrement from there. For
each address, two accesses are completed, one to the complement of the
desired address, followed by one to the target address. If a target address
is invalid, the complement of the target address will always be a valid
address. Thus, each invalid address is tested one at a time with a
different valid address read in between.   -11 An example of a non power of
two ROM code is illustrated below. The example utilizes 3 address bits,
which have 6 valid addresses and 2 invalid addresses. C000000T11l7000
0_____. 001_____.______._ 001__________T11060011C ______ 010
.,__________________________T1015101 5C __.___
011___________________________T100~100 4C _______i00
________________._________T01l3011 3C
____.__101________._____.________.___T0102010 2C _____, i 1
p_____.______.______________T001100l 1C ______ I
11-'_________________________T0000000 0  The first column shows the
complementJtarget address scheme. The target address starts at the highest
address and counts down, while the complement address begins at the lowest
address and counts up. The second column shows which address data is loaded
into the SISR. 1n the preferred embodiment, even though an invalid address
is tested, the SISR always obtains data from a valid address and the
address accessed is different each cycle. The data is also provided in an
easy pattern in ascending order for the invalid addresses and descending
order for the valid addresses. Returning now to Figure 5, the process
begins at block 500 and proceeds when an address is received as shown at
block 5A1. Once received, the address is decoded as illustrated at block
S03. After (or while) the address is decoded, the memory decode logic
decides at block 505 whether the address is valid or invalid. If the
address is valid, then the data out latches are updated properly as shown
at block   -I2 



507. Then the read process ends as illustrated at block 509. If, however,
the address is an invalid address, the data out latches remain unchanged as
shown at block 508, and then the read process ends at block 509. Thus, each
read to the memory array consists of two reads. The first read is to the
complement of the desired address, and the second read is performed on the
target address. The result of the second read is read into a SISR. The
invention recognizes that the complement of each invalid address is always
a valid address. In a memory array that does not update the data out
latches during a read to an invalid address, the second and final read will
have data from the first read (i.e., from the complement address). In a
memory array with "N" invalid addresses, if fihe maximum power of two
addresses are decremented from the point of the first read, the stream of
data going into the SISR will appear as if the first "N" valid addresses
were read in ascending order from the lowest address (0) followed by all of
the val id addresses in descending order from the highest valid address.
Thus, the testing process allows any multiple number of reads to be
completed so long as the final two reads are to a complement (C) and then a
target (T) address. For example, a four read process may be CCCT, CTCT,
TCCT, or TTCT, in which the last two reads loaded into the SISR is always
CT. Advantages recognized from the invention include (1) each invalid
address is tested one at a time, interspersed by valid addresses such that
the output of the array is not a "sea of unchanged data", and (2) no
silicon updates are needed to the existing ROM BIST structure (i.e., only
the scan initialization vector and SISR signature change). It is important
to note that while the present invention has been described in the context
of a fully functional data processing system, those skilled in the art will
-13 appreciate that the mechanism of the present invention is capable of
being di stributed in the form of a computer readable medium of
instructions in a variety of forms, and that the present invention applies
equally, regardless of the particular type of signal bearing media utilized
to actually carry out the distribution, Examples of computer readable media
include: nonvolatile) hard-coded type media such as Read Only Memories
(ROMs) or Erasable, Electrically Programmable Read Only Memories (EEPROMs),
recordable type media such as floppy disks, hard disk drives and CDROMs,
and transmission type media such as digital and analog communication links.
While the invention has been particularly shown and described with
reference to a preferred embodiment, it will be understood by those skilled
in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the invention, For example,
although the above example provides application of the invention on a
compilable Read Only Memory, it is understood that the features and design
of the invention applies to a11 non power of two ROMs and to a11 non power
of two memory arrays which have a11 cells initialized to a known state.
-ld CLAIMS: What is claimed is: A memory array circuit design comprising; a
first word line path fox processing valid addresses; and 



a second word line path for simultaneously processing invalid addresses,
wherein said simultaneous processing of said invalid address utilizes a
same number of clock cycles as said processing of said valid addresses, and
further wherein said simultaneous processing produces a predictable output.
2. The memory array circuit of Claim l, wherein: said first word line path
comprises logic for decoding valid addresses, said logic having a word line
and dummy word line output, wherein said dummy word line autput is passed
through delay circuitry. 3. The memory array circuit of Claim 2, wherein:
said second word line path comprises logic for decoding invalid address,
said logic having an invalid word line output that is passed through second
delay circuitry. 4. The memory array circuit of Claim 3, wherein said
delayed dummy word line output is ANDed with said word line output to
update a data out latch. 5. The memory array circuit for Claim 4, wherein
said delayed dummy word line output is ORed with said delayed invalid word
line output to reset memory control logic. G. The memory array circuit of
Claim 5, wherein said delayed invalid word line output produces no change
to said data out latch.  



-is 7. The memory array circuit of Claim 6, wherein said dummy word line
and said invalid word line are run parallel to each other to achieve
similar timing. 8. The memory array circuit of Claim 7, wherein said dummy
word line and said invalid word line are run along a perimeter of said
memory array circuit.   -16 9. A memory array circuit comprising: a first
logic for decoding valid addresses, said logic producing a word line output
and a dummy word line output: a second logic for decoding invalid
addresses, said logic producing a single invalid word line output; and
means for producing a predictable outcome for both valid and invalid
addresses utilizing said outputs of said first and second logics. 10. The
memory array circuit of Claim 9, wherein said producing means includes: a
first delay circuitry coupled to said dummy word line output; and 



a second delay circuitry coupled to said invalid word line output. 11. The
memory array circuit of Claim 10, said producing means further comprising:
AND logic coupling said word line output and said delayed dummy word line
output, wherein said AND logic is coupled to a data out latch and provides
a result for updating said data out latch. 12. The memory array circuit of
Claim 1 I, said producing means further comprising: OR logic coupling said
delayed dummy word line and said delayed invalid word line, wherein said OR
logic is coupled to a memory control logic and provides a result for
resetting said memory control logic. 13. Ths memory array circuit of Claim
12, wherein said dummy word line and said invalid word line are run
parallel to each other to achieve similar timing.   -17 



14. The memory array circuit of Claim 13, wherein said dummy word line and
said invalid word line are run along a perimeter of said memory array
circuit.   _~g_ 15. A data processing system comprising: a processor; and a
memory array coupled to said processor via an interconnect, said memory
array comprising: a first word line path for processing valid addresses;
and a second word line path for simultaneously processing invalid
addresses, wherein said simultaneous processing of said invalid address
utilizes a same number of clock cycles as said processing of said valid
addresses, and further wherein said simultaneous processing produces a
predictable output. 16. The data processing system of Claim 15, wherein:
said first ward line path comprises logic for decoding valid addresses,
said logic having a word line and dummy word line output, wherein said
dummy word line output is passed through delay circuitry. 



17. The data processing system of Claim 16, wherein: said second word line
path comprises logic for decoding invalid address, said logic having an
invalid word line output that is passed through second delay circuitry. 18.
The data processing system of Claim 17, wherein said delayed dummy word
line output is ANDed with said word line output to update a data out latch.
19. The data processing system of Claim 18, wherein said delayed dummy word
line output is Red with said delayed invalid word line output to reset
memory control logic.   -19 20. The data processing system of Claim 19,
wherein said delayed invalid word line output produces na change to said
data out latch. 21. The data processing system of Claim 20, wherein said
dummy word line and said invalid word line are run parallel to each other
to achieve similar timing. 22. The data processing system of Claim 21,
wherein said dummy word line and said invalid word line are run along a
perimeter of said memory array. .AS!
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