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An integrated circuit memory device (21) includes plural in-
put/output pins (30, 127 and others) and plural amrays of addressable stor- uv.u'gm L1
age cells (31-46). A set of circuits (51, 68, 70, 71-86, 90) provides access Mgt
to a unique storage location in each array (31-46) through a given row and ceneratsn. |~
column address. A writing circuit (47, 68, 70, 71-86, 91-106, 131-146), o L=a
designed for test, provides in parallel plural copies of a test data bit. The 10 Decoo
test data bit is applied through a single pin (30) and a common data-in ,{ S——
lead (68), for storage in an addressed storage cell in each of the arrays. Co MDD |14
A readout circuit (110, 111, 112, 171, 127, 201-216, 131-146) is arranged BUFFER
for reading out the stored test data bit from the addressed storage cell in 13
each of the arrays (31-46). The writing circuit, while in a block write test 2 T
mode, stores the fost data bit on the common date-in lead (68) in a block
of address locations in each array (31-46). —_
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A METHOD AND APPARATUS FOR TESTING A MEMORY CIRCUIT WITH PARALLEL BLOCK
WRITE OPERATION

Cross Reference ta a Related Patent Application

This application refers to and incorporates by reference a
copending and co-assigned patent application of Texas
Instruments, Serial Number 988,553, filed December 10, 1992 {TI~
17379).

Field of the Invention

This invention relates to an integrated circuit memory device
and more particularly to a wide I/0 memory device designed for
test.

Background of the Invention

Integrated circuit memory devices store information in arrays
of cells arranged in addressable rows and columns. During
fabrication of these devices, one or more defects may occur and
prevent the proper performance of the memory circuit. Some types
of defects may be analyzed and corrected on the device. Other
types of defects may not be corrected and are the cause of a
failed device. Distributic_)n of defects in any memory device may
be random. The yield of good devices per wafer can be improved
over time by eliminating the causes of such defects.

Integrated circuit memories are being made with increasing

. bit densities, smaller storage cell sizes, and more input/output
pins, as the generations of new memory devices are designed and
. built. As a result, devices are more susceptible to defects

caused by processing variations and reduced tolerances. Testing
must be done to detect and correct the defects so that
sufficiently high device yields are achieved for profitable
production.
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data bit, applied through one of the pins, for storage in in each of the
arrays (31-46) of storage cells; a circuit, including the common
data-in lead, for 10 receiving an expected data bit; and a readout
circuit (110, 201,171) for reading out a result of a conparison between
the test data biwos¥ae3d i n each of the plural arrays (31-48FTEBISNYR,ge
cells and an expected data bit, wherein the test data bit copies stored
in each of 2

Problems arise in testing integrated circuit devices with
greater densities and with more input/output pins. Memory
devices, which have more storage cells require longer test
sequences to be run. Therefore, more device tester time is
required for test{hg each device. Also, end users desire to use
more and more input/output pins per device. Such wide
input/output pin devices inherently limit the number of such
devices which can be tested at one time on a device tester. Thus
fewer of the wide input/output devices can be tested
simultaneously on one device tester. Both the increase in test
time and the reduced number of devices that can be tested
simultaneously make testing an ever increasing expense.

In response to the dilemma which has developed, the
Electronic Industries Association's Joint Electron Device
Engineering Council (JEDEC) has undertaken a project to establish
a parallel write, parallel read design for test (DFT) interface
specification for memory devices. The test interface
specification includes a single input data pin for writing the
data to all input circuits of the test device. During a test
write operation, a data bit, received on the single input data
pin, is written concurrently to a single address in each of the
storage arrays of the memory device. . '

Subsequently to perform the test read operation, the stored
data bit is simultaneously read out of all of the arrays of the
memory device. The data bit read from each array is compared
with an expected data bit. If all of the data bits read out of
the arrays agree with the expected data bit, the state of the
expected data bit is transmitted from the memory device by way
of a single output pin to the tester. If one or more of the data
bits read out disagree with the expected data bit, the expected
data bit is inverted and transmitted out through the single
output pin to the tester.

The JEDEC interface specification allows, during a design for
test write cycle, a single input pin on a device to substitute
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15 the plural arrays (31-46) of storage cells are si mul t aneousl y

retrieved and conpared with the expected data bit; characterised in
that the witing circuit (47,39) is arranged to apply the test data bit

by way of the conmon data-inh lead for witing sinultaneousl
col um 20 addr WOPSBRRZt i ons in each of the plural arrays (31-

|n nultlple

for any width input/output available on the device. The
specification does not, however, provide a solution for the
increasing amount of storage locations in each device.

A block write-bperation serves to access a larger portion of
the memory in a single cycle. A block of addresses in each of
the arrays is written with data stored in a block write register
located on the memory device. In a block write mode, this block
write register is loaded using several input pins on the chip.
The block write mode has the advantage of writing multiple
storage locations in each of the arrays in a single cycle. It
unfortunately does not work with the JEDEC interface because it
requires multiple input pins to load the on-chip block write
register.

The problem is to find an effective way to design an
integrated circuit memory device that incorporates the JEDEC
interface specification for testing simultaneously several wide
input/out pin memory devices on a single device tester while
including a block write feature to write to multiple address
locations in a single cycle.

Summary of the Invention

This and other problems are solved by an integrated circuit
memory device that includes plural input/output pins and plural
arrays of addressable storage cells. A set of circuits provides
access to a storage cell in each array through given row and
column addresses. During a test mode, a writing circuit applies
plural copies of a test data bit by way of a common data-~in lead
to the arrays for storage in an addressed storage cell in each
of the arrays. A readout circuit is arranged for reading out,
through a common data-out lead, a result of a comparison between
the stored test data bit from the addressed storage cell in each
of the arrays and an expected data bit. Alternatively during the .
test mode, the writing circuit applies the test data bit by way
of the common data-in lead for storage in a block of column
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2. An integrated circuit nmenory device, in accordance with claim1l,
wherein the witing circuit includes a row address circuit (11-13) for
accessing a single row of the arrays (31- 46) and a col umm address
circuit (14-16,47) for accessing a 25 block of internal data lines for
witing simltaf¥9%¥0%2’t he test data bit copies in the nulti BFECE
address | ocations I n each of the arrays.

4

address locations in each of the arrays.

A test page mode write operation can store a test data bit
in plural addressed storage cells along a selected row of each
array with only a-éingle row access operation and plural column
access operations.

Brief Description of the Drawings

These and other features of an illustrative embodiment of the

invention may be better understood by reading the following
detailed description with reference to the drawing wherein:

Figures 1A and 1B present a block diagram of an arrangement
for testing an integrated circuit memory device that has several
input/output pins and is designed for test (DFT) with a block
write feature;

Figure 2 presents a schematic diagram of the block of sense .
amplifiers, the column select control circuit, and the write

multiplexer of Figure 1;

Figure 3 shows a timing diagram for a block write test mode
operation for the arrangement of Figure 1;

Figure 4 shows a timing diagram for a page block write test

mode operation for the arrangement of Figure 1;

Figure 5 shows a timing diagram for a DFT mode read operation

for the arrangement of Figure 1;

Figure 6 presents a truth table for a comparator circuit used
in Pigure 1;

FPigure 7 presents a truth table for an output multiplexer

used in Figure 1; and
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3. An integrated circuit nenory device, in accordance with claim 2,
wherein the readout circuit includes the row address 30 circuit for

accessing the
accessing an i
data bit from
arrays.

single row of the arrays and the colum address circuit for
ndi vi dual i nternal data line for reading the stored test
7 the nultiple colum address |ocations PAFERXWOFE  he

5

Figure 8 presents a truth table for the special function
signal generator during normal (NON-DFT) write operations.

Detailed Description
Blgck_W;;te Test Mode

Referring now to Figures 1A and 1B, there is shown a block
diagram of a tester 20 interconnected with a set of memory
devices including eight memory devices 21-28. Only the memory
devices 21 and 28 are shown. The others are represented by a
series of dots located between the memory devices 21 and 28.
Each of the memory devices 21-28 is an integrated circuit, such
as the memory device 21 that is designed for test. The memory
device 21 includes a group of arrays 31-46 of information storage
cells. For example there are sixteen of the arrays of storage
cells. Only two of the arrays 31 and 46 are actually shown. The
other fourteen arrays are represented by a series of dots located
between the arrays 31 and 46. All of the arrays 31-46 are
arranged to be accessed by row and column addresses for writing
data into an addressed one of the storage cells of each array and
for reading data out of an addressed one of the storage cells of
each array. An exception to this occurs when column select
control circuitry 47 is enabled by a control signal block write
(BW) or block write test mode (BWT) so that multiple column
addresses are selected simultaneously allowing concurrent access
to a several storage cell block in each of the arrays 31-46.

In Figures 1A and 1B, only a single input data lead, or pin,
30 is connected between the tester 20 and the memory device 21
at an input data latch 51. Although there are fifteen additional
input data leads, or pins and input data latches, e.g., input
data latch 52 (not shown) through input data latch 66,. for the
memory device 21; the tester 20 is only connected through the
input data lead, or pin, 30 for supplying input data to the input
data latch 51.
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4. An integrated circuit nenory device, in accordance with

TI-17517

-22.

WO 95/30227 PCT/GB9S/00978

Similariy a single output lead 127 interconnects an output
buffer 171 of the memory device 21 to the tester 20.

The tester 20, for example, has a total of sixteen
input/output connections, eight for input data and eight for
output data. In the example presented, one input data lead and
one output data lead are used for each memory device. Therefore
the tester 20 can be connected to the eight memory devices 21-28
for concurrent testing. A test data bit, generated and
transmitted by the tester 20, is applied to and is stored within
the input data latch, e.g., input data latch 51, of all eight
memory devices 21-28 at once.

For a block write test operation, address signals and common
control signals WE, RAS, CAS, G and DSF are applied by the tester
20 to each of the memory devices 21-28. In some application
specific memory devices, not shown, additional control signals
may be used. Additionally input and output data signals 1I/0 are
coupled between the tester 20 and the memory devices 21-28. 2
separate pair of input data and output data leads is connected
between the tester 20 and each of the memory devices 21-28. One
lead of each of the pairs of input data and output data leads,
e.g., input data lead, or pin, 30, is used to supply the test
data bit to the associated memory device, e.g., memory device 21.
A second one of the leads of the pairs of leads, e.g., output
lead 127, is used for transmitting results of a test from the
memory device 21 to the tester 20. Since only the memory device
21 is shown in detail, the subsequent description will be
directed to the memory device 21, but the other memory devices
operate Sim;larly at the same time.

When the memory devices 21-28 are being tested, they are all
tested concurrently. For a block write test operation, there are
two methods, or modes, for writing test data into the memory
devices 21-28. One is a block write test mode. The second is a
page block write test mode.. For each of the two modes of writing
test data, the single test data bit is applied from the tester
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claim3, wherein the readout circuit includes a conparator circuit
(110) for conparing the test data bit copies with an expected data bit.

WO 95/30227 PCT/GRIS/00978

20 by way of the separate single input data lead to each of the
devices 21-28. In the block write test mode, the test data bit
is written simultaneously to a row and a block of columns,
decoded by a partial column address. The partial column address
accesses a block of storage cells along the selected row in each
of the arrays of all of the memory devices 21-28. The test data
bit is written simultaneously into all of the storage cells in
the selected block.

With reference to Figure 2, a block write test operation will
be described. The block write test operation uses a special
design for test write mode. When an internally generated signal,
the block write test signal BWTP, is enabled and applied to a
column select control circuit 47, all write operations will write
te multiple column addresses with timing 1like the timing
described in a U.S. patent application, Serial No. 988,553, filed
December 12, 1992 (TI-17379), and reproduced as the timing
diagram of Figure 3 herein. It is noted that this timing is
different from the timing used in a normal block write operation,
‘as described in a U.S. patent 4,961,171.

For the block write test operation of Figure 3, the block
write test signal BWT is enabled and a special function select
signal DSF is inactive low when both the row access strobe signal
RAS and the column access strobe signal CAS fall. Also, the
output enable signal G is inactive high for the write cycle. The
row access strobe signal RAS goes active low and latches a row
address from the tester 20 by way of an address bus 10 into a row
address buffer 11 of Figure 1. After the-row address has been
latched in the row address buffer 11, a set of row factors are
decoded from the address by a row factor generator 12 to specify

. one physical row in each of the arrays 31-46. A row factor
decoder 13 uses the row factors to determine which wordline, the
same logical wordline in each array, should be valid.

The column access strobe signal CAS of Figure 3 goes active
low and latches a column address, received from the tester 20 by
way of the address bus 10, into a column address buffer 14 of
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5. An integrated circuit nenory device, in accordance with 5 claim 4,

wherein the plurality of input/output pins conprise: a plurality of
separate pins (10L,1015) for  carrying input data bits; and a plurality
of separate pins 3202 1016) for carrying output data bits.
WO 95/3 PCT/GB95/00978
8

Figure 1. The write enable signal WE of Figure 3 also goes low
signifying a write cycle. The column address can start to be
decoded as soon as the row address strobe signal RAS falls. When
the column address strobe signal CAS falls, the column address
is latched and decoded When the column address is valid, a set
of factors produced in a column factor generator 15 decodes the
applied address into a logical address on-chip by way'of a column
factor decoder 16. The logical address denotes the physical
location of the column address in the arrays 31-46.

Referring now to Figure 2, there is shown in detail the
arrangement of part of the column decoding circuits of the array
31 of PFigure 1. In Figure 2, there are shown the column select
control circuit 47, a sense amplifier bank 131 including data
transfer gates and local input/output lines, and a write
multiplexer 71. The arrangement of Figure 2 performs the final
part of the column address decoding.

For a block write test mode operation, the block write test
signal BWT is enabled. The most significant bits of the column
address are decoded into a 1-0f-64 code word@ for selecting one
group, or block, of columns from sixty-four blocks of columns
131.1-131.64. Only two of the block of columns are shown. The
others are represented by a series of dots between the blocks of
columns 131.1 and 131.64. Only the block of columns 131.1 is
shown in detail. The other blocks of columns are arranged
similarly except for selection by a different partially decoded
column address. For exemplary purposes, it is assumed that the
block of columns 131.1 presented in detail is selected by the
column address. The active signal on the column select lead 48
enables transfer gates between the local input/output lines and
input terminals to each sense amplifier SA associated with the
selected block of columns 131.1. Those sense amplifiers SA are
enabled for sensing by a sense/equalize signal on a lead 49. The
sense/equalize signal on lead 49 is generated by logic internal
to the device which is not shown. The block of columns 131.64 is
selected when the decoded partial column address puts a column
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6. An integrated circuit nmenory device, in accordance with 10 claim 4,

wher ei n

t he

plurality of input/output pins (101-1016) are a

plurality of pins, each pin carrying both i nput and out put data bits.

7. An integrated circuit nmenory device, in accordance with claim1l
wherein the r WO cuit includes a row address PCT/GBOS/00978

select signal on lead 29.

Also for the block write test mode operation, the column
select control circuit 47 is responsive to the block write test
signal BWT. Duriﬂg any block write test mode operation, the
column select control circuit 47 ignores the least significant
bits A0 and Al of the column address and produces active signals
on all four column select control leads 301-304. These active
signals enable all of the transfer gates 39 between a read/write
amplifier 360 and the local input/output lines, which traverse
all of the blocks of columns.

Referring again to Figures 1A and 1B, the test data bit, to
be written into the memory devices, is generated by the tester
20 and sent concurrently over all of the input data leads to the
respective memory devices 21-28. The test data bit is latched
into an input data latch S51. The latter of the column access
strobe signal CTAS going low or the write enable signal WE going
low is used for producing a signal to latch the test data bit
DATA IN from the tester 20 into the input data latch 51 of the
memory device 21 in Figure 1. Bach of the memory devices 21-28
receives and latches the test data bit in a similar input data
latch. Once the data bit is latched into the input data latch 51,
it is applied through a multiplexer 17 and an amplifier 70 to a
data-in/expected data lead 68. This single data bit is used to
write into a block of column addresses in each array 31-46.

The memory device 21 is arranged specially for testing. For
instance, the input data latch 51 has an output lead connected
through a multiplexer 17 to an input of an amplifier 70, which
drives the test data bit from the input data latch 51 over a
common data-in/expected data lead 68 that splits into short
parallel branches going to a test data input of each of sixteen
write multiplexers 71-86. Other input data latches, e.g., 52(not
shown}-66, do not have an amplifier analogous to the amplifier
70 because those other input data latches each apply the test
data bit to only one write multiplexer. Advantageously the common
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15 circuit (11-13) for accessing a single row of the plural arrays
(31-46) and a colum address circuit (14-16,47) for accessi ng an
internal data line for reading the test data bit copies from
one of the nultiple colum address | ocations in each of the plural

i ndi vi dual

arrays.

20 8.

OMPRTegrated circuit menory device, in accor BEHERISRPYH

10

data-in/expected data lead 68 requires less device area than is
required by any arrangement needing plural data-in leads routed
across the memory device 21.

Only the writ; multiplexers 71 and 86 are shown in Figure 1B.
The other fourteen write multiplexers are represented by a series
of dots located between the write multiplexers 71 and 86. All of
the write multiplexers®' test data inputs are located on the left-
hand side of the multiplexers 71-86. Those inputs are selected
by the block write test signal BWT that is applied to each of the
multiplexers. '

Reference is again made to Figure 2. While the test data bit
is applied to the write multiplexer 71 and the transfer gates 39
are enabled, the single test data bit is transmitted through the
write multiplexer 71, a read/write amplifier 360, and all of the
transfer gates 39 to the local input/output lines. The test data
bit on all of the local input/output lines is sensed by each of
the enabled sense amplifiers SA of the block of columns 131.1 and
is applied directly to four bitline pairs BL, BL. The block of
storage cells located at the intersection of the selected row and
the selected pairs of bitlines of the group of columns receive
and store the test data bit. The selected block of storage cells
are not shown.

Referring again to Figure i, the test data bit from the data
latch 51 overwrites data in the addressed and selected storage
cells in the selected row. The number of column locations that
are written is determined by the number of column addresses which
are available on the device. For the example block write test
mode, four column addresses are available for accessing a single
block in each array.

When activated during a write operation, the sense amplifier
banks 131-146 initially amplify the prior states of the
respective storage cells, but because the write cycle is a block
write test BWT mode cycle, the test data bit in the data latch
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claim1l1, wherein the readout circuit includes a row address circuit
(11-13) for accessing a single row of the arrays and a colum address

circuit (14-16,47) for accessing an i ndi vidual internal data line for
reading the test data bit 25 copies fromone of the nmultiple colum address
| ocations in WO2B2Z the plural arrays; and the readout ci ri&d des
a conparator circuit (110) for conparing the test data bit copi es
with an expected data bit. 11

51 is applied, through the write multiplexer 71, onto all of the
column addresses in the selected block. The column select control
circuit 47 disregards the column address bits A0 and Al and a
column mask to make all of the column select control lines
active. The state of the test data bit in the data latch 51 is
applied to the entire block of the column addresses decoded by
the column factor decoder 16. The prior states of the selected
storage cells in the arrays 31-46 are overwritten by the data.
test bit from the write multiplexers 71-86.

Design for Test - Special Functions

In page block write test mode, a single row in each array of
all of the memory devices 21-28 is addressed and selected, and
the test data bit is written into a series of blocks of column
addresses along the selected row. The row is addressed once and
multiple partial column addresses are accessed successively while
the row remains selected.

The page block write test mode also can be used with the
architecture of Figures 1A and 1B. In a page mode cycle, row
address strobe RAS falls to latch the row address, but the column
address strobe signal TAS can be brought low and high repeatedly,
as shown in Figure 4. Bach time that column address strobe signal
CAS falls, a new column address is accessed. The row remains the
same because it maintains the same latched data commencing when
the row address strobe signal RAS falls at the beginning of the
cycle. Since the row address only is decoded once, randomly
selected blocks of column addresses can be accessed more quickly
because only the column address must be decoded for each new

° storage location. Page block write test mode can be used to write
randomly selected blocks on a single row.

Referring to Figure 4, there is shown a timing diagram for
the arrangement of Figures 1A and 1B during a page block write
‘test mode operation. The output enable signal G is inactive high.
As shown, the row address is latched into the memory device in
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9. An integrated circuit nmenory devicé, I n accordance with 30 claim1,
wherein the plurality of input/output pins (10L-1016) conprise: a
plurality of separate input data pins (19 1015); and a plurality of

separate output data pins (102,1016).
WO 95/30227 PCT/GB95/00978

12

response to the row access strobe signal RAS going low. A first
column address is latched into the memory device in response to
the column access strobe signal CAS going low a first time. The
write enable signal WE goes low to signify a write operation. The
test data bit, valid on the input data lead 30 at the time when
the latter of the column access strobe signal CAS or the write
enable signal WE goes low the first time, is latched into the
input data latch 51 of the memory device 21 and subsequently is
stored in the arrays 31-46 at, for example, sixty-four storage
cells, i.e., four storage cells in each of the arrays 31-46.

In a block write test mode, a block write occurs for all
write cycles. A normal write (DSF low during the fall of row and
column access strobe signals RAS and CAS), as shown in Figure 8
and in the timing diagram of Figure 4, will still result in a
block write as long as the block write test BWT signal is
enabled.

When the column access strobe signal goes low a second time,
another test data bit on the input data lead 30 is latched into
the data latches 51 of the memory device and subsequently is
stored in the arrays 31-46 at a second addressed block of four
storage cells in each of the sixteen arrays. These second
addressed storage cells are in the same row as the first
addressed storage cells but may be at any column address
controlled by the second column address. In this design for test
page block write test mode operation, the tester writes a series
of test data bits into the selected block of storage cells of a
single row of the arrays by selecting the row address only one
time and then selectihg a number of column addresses.

Desiaqn for Test Mode - Read

To complete the test operation of the arrangement of Figures
1A and 1B, the data written to each of the arrays 31-46 must be
read out. This can be accomplished in a subsequent cycle. The
test data bit stored in each of the arrays 31-46 is read out from
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all of the érrays at once. Within the device 21, all of the read
out test data bits are compared with an expected data bit applied
by the tester 20 through the lead 30, the data latch 51, the

multiplexer 17, the amplifier 70, and the data-in/expected data
lead 68 directly to a comparator circuit 110. Comparator circuit
110 also receives read out data from each of the sense amplifier
banks 131-146 of the device 21. Comparator circuit 110 can be
arranged like the comparison and common line circuits disclosed
in the previously mentioned patent application Serial Number
988,553. The result of each of the comparisons is transmitted
through line 217 to the output multiplexer 111.

With reference to Figure 5, we shall describe a test readout
operation. To commence the test readout operation, the design for
test signal BWT is enabled and the write enable signal WE is
inactive high. Row and column addresses are latched into the
respective row and column address buffers, in response to the row
access strobe signal RAS and the column access strobe signal CAS.
The signal DSF is a don't care. An expected data bit, similar in
state to the test data bit, is applied from the tester 20 of
Figure 1 through the input lead 30 to the input data latch 51 and
is latched on the falling edge of the column access strobe signal

CAS. Although what is shown in Figure 5 is as just described, the

expected data bit can be latched into the input data latch 51
when the row access strobe signal RAS falls. From the input data
latch 51 of Figure 1B, the expected data bit passes through the
multiplexer 17, is amplified by the amplifier 70, and is fanned
out by way of the common data-in/expected data lead 68 and the

- short parallel branches to the write multiplexers 71-86 and to

an input of the comparator circuit 110. The output enable signal
G goes active low around the time that the column access strobe
signal GAS goes low to enable output buffers 171-186 when valid
data arrives at an input to the output buffer 171.

A high state of the write enable signal WE disables the sense
amplifier banks 131-146 from receiving the expected data bit from
the write multiplexers 71-86. When the column access strobe
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10. An integrated circuit nenory device, in accordance with claim1l,

wherein the input/output pins are a plurality of pi ns, each pin
carrying both input and output data bits. 11. An integrated circuit
‘menory device conpri sing:
WO 9530227 PCT/GB95/00978
14

signal CTAS falls to its low level, the single addressed test data
bit stored in each of the arrays 31-46 is read out to the
respective sense amplifier banks 131-146 even though multiple
bits could have been stored using the block write test mode
cycle. Although a common test data bit was written into each of
the arrays 31-46, because of flaws or defects left during
fabrication of the device, all of the arrays may not actually
store the same bit state at the selected address. If one or more
of the stored bits is in a different state in the commonly
addressed bit locations of the different arrays 31-46, there is
a fabrication or logic fault which is to be detected as a result
of the test readout operation. Whatever the state of the bit read
from each array, the associated sense amplifiers detect the state
and transmit it to the comparator circuit 110.

Consider, as shown in Figure 6, a truth table describing the
operation of the comparator circuit 110 of Figure 1B. When all
of the input signals on leads 201-216 are like the expected data
bit, the comparator produces a signal on line 217 which is the
same as the expected data bit. If any input signal on leads 201-
216 differs from the expected data bit, the inverse of the
expected bit is transmitted on line 217 to the output multiplexer
111. Only leads 201 and 216 are shown. Others of the leads are
represented by a series of dots between the leads 201 and 216.

Referring now to Figure 7, there is shown a truth table for
the functions of the output multiplexer 111 of Figure 1B. The
output multiplexer 111 is placed on the device 21 only once where
it is associated with the output buffer 171 that connects by way
of the output data lead, or pin, 127 to the device tester 20.
There are two data inputs and one control input for the output
multiplexer 111. The data input, on lead 201, provides the state
of the selected one of the sense amplifiers in the bank 131. The
other data input, on the lead 217, represents either the result
of the comparison when the block write test signal BWT is enabled
or a DON'T CARE condition from the comparator circuit 110 during
regular operations when the block write test signal BWT is
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5 a plurality of input/output pins (101-1016); a plurality of
arrays (31-46) of addressabl e storage cells; a page node witing
circuit (11-16, 51-66, 91-106, 70, 71-86, 47, 39) for applying through a
common data-in _lead 10 (30) plural copies of a test data bit, received

t hrough one

W27 nput / out put pins, for sinultaneous st oPSEEBIHONS, 5

addressed storage cells for each col um access operation

i5

disabled.

Consider now the operation of the output multiplexer 111.
When the block write test signal BWT is enabled, the state of the
selected one of the sense amplifiers of the bank 131 is disabled
from affecting the output of the output multiplexer 111.
Therefore, the truth table of Figure 6 shows a DON'T CARE
condition for the input from the sense amplifier data on the lead
201. Also while the block write test signal BWT is enabled, the
state of the data on lead 217 determines the output state of the
output multiplexer 111 on lead 112. This output state of the
output multiplexer 111 depends upon the state of the output of
the comparator circuit 110. For instance, when the comparator
circuit inputs, applied from all of the arrays 31~46, all match
the expected data bit on the data-in/expected data lead 68, the
output state of the multiplexer 111 on a lead 112 agrees with the
expected data bit on the data-in/expected data 1lead 68.
Alternatively when the comparator circuit input data from one or
more of the arrays 31-46 does not match the expected data bit on
the data-in/expected data lead 68, the output state of the
multiplexer 111 on the lead 112 is an inversion of the expected
data bit on the data-in/expected data lead 68.

The output signal from the multiplexer 111 on the lead 112
is latched into the output buffer 171. This output signal,
amplified by the output buffer 171, is then transmitted over the
output lead 127 to an input/output terminal of the tester 20.

when the block write test signal BWT is enabled, the test
result signal sent to the tester 20 either is the same as the
expected data bit, when all of the read out test bits from the
arrays 31-46 match the expected data bit, or is an inversion of
the expected data bit when one or more of the read out test bits
do not match the expected data bit. This test result signal sent
to the tester 20 from the memory device 21 together with
information similarly sent from the other memory devices 22-28,
is analyzed for detected faults in the devices 21-28. Results of

SUBSTITUTE SHEET (RULE 26)



along a selected row in each of the plurality of arrays (31-46) of
addressabl e storage cells with only a single row 15 access operation and
plural colum access operations; a circuit, including the conmon

data-in | ead,

‘circuit (110,

for recei ving an expected data b|t and a readout
1WQ95R8227 17, 39) for reading out si mul t aneoudRGHIGRISONSIS ¢

‘data bit copies fromthe addressed 20 storage ceIIs al ong the sel ected row
in each of the arrays of : 16

the analysis are stored in the tester 20 for subsequent passing
of good devices for commercial use, repairing of some devices
before commercial use, or rejecting some devices to prevent their
commercial use.

Beggle; Operation in a Data Processing System

Referring once again to Figures 1A and 1B, the memory device
21 can be operated in a regular operating mode when it is not
being tested by the tester 20 of Figure 1A. In the regular
operating mode, the memory device 21 is interconnected with a
microprocessor (not shown) rather than the tester 20, and the
block write test signal BWT is disabled. Data leads from the
microprocessor are connected to each of the sixteen input data
leads of the memory device 21. The input data, on those leads,
is latched into each of the input latches 51-66. Although they
are indicated as present in the test arrangement of Figures 1A
and 1B, none of the other memory devices 22-28, shown in Figures
1A and 1B, is necessarily connected to the microprocessor.

For a regular write-in operation to the memory device 21, a
different data bit can be latched into each of the input data
latches 51-66, and each data bit traverses a separate circuit
path to the right-hand input of one of the associated write
multiplexers 71-86. The data bits are latched in the data latches
51-66 on the fall of the later of the column address strobe
signal CAS or the write enable signal WE. Thus different data can
be transmitted through the multiplexers 71-86. Since the block
write test signal BWT is disabled, those data bits, which are
applied to the right-hand inputs of the write multiplexers 71-86,
are transmitted by the write multiplexers 71-86 to the selected
sense amplifiers SA in the banks of sense amplifiers 131-146.
Both the row and column addresses are specified, and a row of
storage cells of each array is connected to the associated bank
of sense amplifiers. The data bits are written into the addressed
storage cells of the respective arrays 31-46 and are stored
therein.
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addressabl e storage cells, and for conparing the r ead- out test data bit
copies with the expected data bit. 12. An integrated circuit nenory

devi ce,

i n accordance with claim1l, wherein the witing circuit includes

a row address 25 circuit (11-13) for accessing a single row of the arrays
and a col um VR circuit (14-16) for accessing a bl ock BFYEB?

17

When the memory device 21 is in regular operation, the
amplifier 70 is not enabled. The state of the lead 68 is held at
ground when the memory device 21 is not being operated in the
block write test ﬁode, i.e., the block write test signal BWT is
disab;ed.

For a regular readout operation, those stored different data
bits can be read out from the addressed storage location of each
of the several arrays 31-46 to the respective sense amplifier
banks 131-146. The state from each of the sense amplifier banks
131-146 is forwarded through a respective output buffer 171-186
and an output data lead to the microprocessor. There are sixteen
output buffers 171-186 but only the output buffers 171 and 186
are shown. The other fourteen output buffers are represented by
a series of dots between the output buffers 171 and 186.

Once again the output multiplexer 111 provides an
advantageous operational feature. As shown in the truth table of
Figure 7, during regular operation,.the block write test signal
BWT is disabled, cutting off the comparator signal on the lead
217. Thus the signal level from the comparator circuit 110 is a
DON'T CARE condition. There is no expected data bit because there
is no tester in the microprocessor-memory device arrangement. The
output signal produced on the lead 112 is simply the same as the
readout data signal from the selected one of the sense amplifier
131 as it occurs on the lead 201. '

In normal, or non~BWT mode, operation, a cycle is used to
load the block write registers 91-106 with data to be used in
subsequent memory cycles. A non-BWT block write cycle occurs when
the signal DSF is in-active low at the fall of the row access
strobe signal RAS and is active high at the fall of the column
access strobe signal CAS, as shown in Figure 8.

wWhen block write BW is enabled, a single data bit is written
into and is stored in the same block addresses in each of the

SUBSTITUTE SHEET (RULE 26}



i nternal data

ines for witing simultaneously the test data bit copies

in multiple ones of the plural addressed storage cells in each of the

arrays (31-46).

30 13. An integrated circuit menory device, in accordance

wth claim12, wherein the readout circuit includes the row __address
circuit (11-13)WMoASB%2Zessing the single row of the PCT/GBISI00978
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arrays 31-46. In the block write cycle, row and column addresses
are specified to activate a particular row of storage cells and
a block of sense amplifiers selected by a partial column address.
While the write enable signal WE is active low, all of the sense
amplifier banks 131-146, associated respectively with each of the
arrays 31-46, are enabled. The sense amplifiers, selected by the
column addresses, are driven to the state of the applied input
data bit which is stored in a BW latch, such as BW latch 91. The
column decode chain decodes the most significant bits of the
column address. This is a partial decode of the column address.
The partially decoded address accesses the block of sense
amplifiers SA within the sense amplifier banks 131-146. The
accessed group, or block, of sense amplifiers SA is at fixed
column address boundaries within each of the arrays 31-46. The
decoded partial column address, represented by an enabling signal
on l-of-64 leads like leads 48 and 29 in Figure 2, determines
which of the block of columns has its sense amplifiers Sa
connected to local input/ocutput lines. While in the block write
BW mode, some or all of the outputs from the column select
control circuit 47 are active high when a write operation occurs,
as determined by a block write mask. The column select control
circuit 47 then allows the applied data bits from the BW latches
through the mux 17-19 to drive the selected block 1local
input/output data lines in each bank of sense amplifiers 131-146
and overwrite the data in the selected block of storage cells in
each array 31-46. For example, consider that four local
input/output data pairs 311-314 of Figufé 2 are included in each
bank of sense amplifiers SA. The applied@ data bit could be
written to the four addressed storage cells in the associated
array. The states of the applied data bits are written into each
of the arrays 31-46 at the group of addressed bit positions and
is stored therein for subsequent use. This gives the block write
feature the ability to write the applied data bits into four
addressed storage cells in each of the sixteen arrays 31-46
during one write cycle.

In block write BW operation, the block write function is
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arrays and the colum address circuit (14-16) for acceésing an i ndi vi dual
internal data line for reading the test data Tl -17517
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further enhanced with a write mask, a color mask, and a color
register as described in U.S. patent 4,961,171. Each of the
sixteen input data latches 51-66 of Figure 1 has an associated
one of the block write registers 91-106 attached to the input of
the memory device. Only two of the block write registers are
shown specifically in Figure 1B. The rest are represented by a
series of dots. The block write registers 91-106 are used during
normal operation with a microprocessor when all input leads are
connected. The data for the color register in the BW latch 91 is
loaded during its own cycle by the load BW latch signal. The data
for each mask can be loaded into write mask and column mask
registers in the BW latch 91 during every block write cycle by
a signal similar to the load BW latch signal. Also, a persistent
cycle can use the same write mask data several times. The write
mask data determines whether data on any of the addressed block
of local input/output lines for an array are written into the
addressed memory cells. The column mask data, contained in the
column mask register, determines which of the block write
registers is connected to the addressed local input/output data
lines for application of the data contained in the color
register. When the block write register is connected, the data
stored in the color register is placed on the local input/output
data lines so that it overwrites the initial sense amplifier data
into the addressed storage cells. If the color mask data is not
put on the local input/output data lines, the states of the
addressed storage cells remain unchangeg.

A slightly modified version of the memory devices 21-28 could
also be tested effectively by the tester 20. As an alternative,
sixteen common input/output data connections can be made between
the tester 20 and the memory  device 21. If the alternative
sixteen input/output connection arrangement is used, then sixteen
memory devices can be tested at once. The modification to the
memory devices 21-28 is to substitute common input/output data
pins for separate input data pins and output data pins. As long
as each device, e.g. memory device 21, has common input/output
data pins, a suitable input data multiplexer, and a suitable
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bit copies fromone of the multiple addressed storage cells in each of
the plurality of arrays (31-46).

WO 95/30227 PCT/GBY5/00978
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output data multiplexer, the described design for test procedure
can be used.

Advantages

In view of the memory device space savings made by using both
the common data-in/expected data lead 68 and the column select
control circuit 47, the described block write test mode
arrangement has a significant advantage over prior art parallel
block write test mode arrangements. Most of the column select
circuitry is a regular part of any memory device which
incorporates the block write feature. The column select control
circuit 47, however, has been modified to work with the block
write test mode. The smaller device space requirement means that
the beneficial parallel write/read test can be performed at a
minimal cost per device while reducing the required test time per
device,

The foregoing description covers the arrangement and
operation of a memory device having a plurality of separate input
data leads and output data leads and the arrangement and regular
operation of a memory device which has a plurality of common
input/output leads. Testing can be accomplished quickly and
effectively for either type of memory device. Several memory
devices each with a plurality of separate or common input/output
leads can be tested concurrently by a single tester 20. The
subject matter of the memory device arrangement and of the
testing method, described herein, and other matters which are
obvious in view thereof are considered to be within the scope of
the appended claims.
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14. An integrated circuit menory device, in accordance wth claim 13,
wherein the readout circuit includes a conparator 5 circuit (110) for

conparing the test data bit copies with an expected data bit. 15.
An integrated circuit menory device, in accordance wth cl a| m 14
wher ei n the i nY@9%58¥2put pins conprise: a JGBISI00978

L

1. An integrated circuit memory device comprising:

a plurality of input/output pins;

plural arrays.of addressable storage cells:;

a writing circuit for applying, through a common data-in
lead, plural copies of a test data bit, applied through one of
the pins, for storage in an addressed storage cell in each of the
arrays of storage cells;

a circuit, including the common data-in lead, for receiving
an expected data bit;

a readout circuit for reading out a result of a comparison
between the stored test data bit from the addressed storage cell
in each of the arrays of storage cells and an expected data bit;
and

WHAT IS CLAIMED IS:

the writing circuit being arranged to apply the test data bit
by way of the common data-in lead for writing simultaneously in
multiple column address locations in each of the arrays.

2. An integrated circuit memory device, in accordance with claim
1, wherein

the writing circuit includes a row address circuit for
accessing a single row of the arrays and a column address circuit
for accessing a block of internal data lines for writing
simultaneously the test data bit in the multiple column address
locations in each of the arrays.

3. An integrated circuit memory device, in accordance with claim
2, wherein

the readout circuit includes the row address circuit for
accessing the single row of the arrays and the column address
circuit for accessing an individual internal data line for
reading the stored test data bit from one of the multiple column
address locations in each of the arrays.

4. An integrated circuit memory device, in accordance with claim

3, wherein : N —
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plurality of separate p.i ns (10L,1015) for carrying input daté 10 bits; and

a plurality of separate pins (1Q2,1016) for carrying output data bits.
16. An integrated circuit nmenory device, in accordance with claim11,
wherein the input/output pins (I10L-1016) are a plurality of pins, each
pin carrying bowessa3T and out put PCT’GBWS
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the readout circuit further includes a comparator circuit for
' comparing the stored test data bit with an expected data bit.

5. An integrated circuit memory device, in accordance with claim
4, wherein -
the input/output pins comprise:
a plurality of separate pins for carrying input data bits;
and
a plurality of separate pins for carrying output data bits.

6. An integrated circuit memory device, in accordance with claim
4, wherein

the input/output pins are a plurality of pins, each pin
carrying both input and output data bits.

7. BAn integrated circuit memory device, in accordance with claim
1, wherein

the readout circuit includes a row address circuit for
accessing a single row of the arrays and a column address circuit
for accessing an individual internal data line for reading the
stored test data bit from one of the multiple column address
locations in each of the arrays.

8. An integrated circuit memory device, in accordance with claim
1, wherein

the readout circuit includes a row address circuit for
accessing a single row of the arrays and a column address circuit
or accessing an individual internal data line for reading the
stored test data bit from one of the multiple column address
locations in each of the arrays; and

the readout circuit further includes a comparator circuit for
comparing the read out stored test data with an expected data
bit.

9. An integrated circuit memory device, in accordance with claim
1, wherein

the input/output pins comprise:
This Sheet Has Been Replaced
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15 data bits. 17. An integrated circuit nenory device, in accordance
W th claim 11, wherei nTmme&mﬁR kabggui t includes a row address

circuit (11-13) for accessi w of the plurality of arrays
(31-46) and a colum addre MEacces& ng 20 an individual
internal data WOHBRH rea at a PCT/GBIS/00978
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a plurality of separate input data pins; and
a plurality of separate output data pins.

10. An integrated circuit memory device, in accordance with claim
1, wherein

the input/output pins are a plurality of pins, each pin
carrying both input and output data bits.

1l. An integrated circuit memory device comprising:

a plurality of input/output pins;

a plurality of arrays of addressable storage cells;

a page mode writing circuit for applying through a common
data-in lead plural copies of a test data bit, received through
one of the input/output pins, for storage in plural addressed
storage cells along a selected row in each of the arrays of
addressable storage cells with only a single row access operation
and plural column access operations:;

a circuit, including the common data-in lead, for receiving
an expected data bit; and

a readout circuit for reading out the stored test data bit
from the addressed storage cells along the selected row in each
of the arrays of addressable storage cells.

12. An integrated circuit memory device, in accordance with claim
11, wherein

the writing circuit includes a row address circuit for
accessing a single row of the arrays and a column address circuit
for accessing a block of internal data lines for writing
simultaneously the test data bit in the multiple column address
locations in each of the arrays.

13. An integrated circuit memory device, in accordance with claim
12, wherein

the readout circuit includes the row address circuit for
accessing the single row of the arrays and the column address
circuit for accessing an individual internal data line for
reading the stored test data bit from one of the multiple column
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bit copies fromone of the colum access operations in each of the
plurality of arrays (31-46). 18. An integrated circuit nenory device,
in accordance with claim11l, wherein the readout circuit includes a row
address 25 circuit (11-13) for accessing a single row of the pI ural | tx
arrays (31-46) W 220 utm address circuit (14-16) for

e,

address locations in each of the arrays.

14. An integrated circuit memory device, in accordance with claim
13, wherein

the readout cﬂ‘cuit further includes a comparator circuit for
comparing the stored test data bit with an expected data bit.

15. An integrated circuit memory device, in accordance with claim
14, wherein
the input/output pins comprise:
a plurality of separate pins for carrying input data bits;
and
a plurality of separate pins for carrying output data bits.

16. An integrated circuit memory device, in accordance with claim
11, wherein

the input/output pins are a plurality of pins, each pin
carrying both input and output data bits.

17. an integrated circuit memory device, in accordance with claim
11, wherein

the readout circuit includes a row address circuit for
accessing a single row of the arrays and a column address circuit
for accessing an individual internal data line for reading the
stored test data bit from one of the multiple column address
locations in each of the arrays.

18. An integrated circuit memory device, in accordance with claim
11, wherein

the readout circuit includes a row address circuit for
accessing a single row of the arrays and a column address circuit
or accessing an individual internal data line for reading the
stored test data bit from one of the multiple column address
locations in each of the arrays; and

the readout circuit further includes a comparator circuit for
comparing the read out stored test data with an expected data
bit.
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accessing an individual internal data line for reading the test data bit
copies fromone of the colum access operations I n each of the arrays;
and the readout circuit includes a 30 conparator circuit for conparing the
read-out test data bit copies with an expected data bit. 8! ﬁ‘@!n
integrated cir &3 %ory device, in accordance with rct)

*

19. An integrated circuit memory device, in accordance with claim
11, wherein

the input/output pins comprise:

a plurality of separate input data pins; and

a plurality of separate output data pins.

20. An integrated circuit memory device, in accordance with claim
11, wherein

the input/ocutput pins are a plurality of pins, each pin
carrying both input and output data bits.
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claim i1, wherein the input/output pins conprise: a plurality of separate
separate output data pins

I nput data pins (101, 1015);

(1 C, | OL6).

and a plurality of
20. An integrated circuit menory device,

in accordance with 5

. claim 11, wherein the input/output pins (10l-1016) are a plu .ﬁysnﬁgmpi ns,
. each pin carrwaegsdsez7h | nput and out put data bits. i’é“c
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