(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2021/007698 Al

21 January 2021 (21.01.2021) WIPOIPCT

(51) International Patent Classification:

GOG6F 12/02 (2006.01)
(21) International Application Number:

PCT/CN2019/095768
74
(22) International Filing Date: (74

12 July 2019 (12.07.2019)

(25) Filing Language: English
(26) Publication Language: English (81)

(71) Applicant: YANGTZE MEMORY TECHNOLOGIES
CO.,LTD. [CN/CN]; Room 7018, No.18, Huaguang Road,
Guandong Science and Technology Industrial Park, East
Lake Development Zone, Wuhan, Hubei 430074 (CN).

(72) Inventors: CHEN, Jiawei; Room 7018, No.18, Huaguang
Road, Guandong Science and Technology Industrial
Park, East Lake High-Tech Development Zone, Wuhan,
Hubei 430074 (CN). TANG, Qiang; Room 7018, No.18,
Huaguang Road, Guandong Science and Technology In-
dustrial Park, East Lake High-Tech Development Zone,

‘Wuhan, Hubei 430074 (CN). HOU, Chun Yuan, Room
7018, No.18, Huaguang Road, Guandong Science and
Technology Industrial Park, East Lake High-Tech Develop-
ment Zone, Wuhan, Hubei 430074 (CN).

Agent: NTD UNIVATION INTELLECTUAL PROP-
ERTY AGENCY LTD.; 10th Floor, Tower C, Beijing
Global Trade Center, 36 North Third Ring Road East,
Dongcheng District, Beijing 100013 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: MEMORY DEVICE PROVIDING BAD COLUMN REPAIR AND METHOD OF OPERATING SAME

10 11 /12 13 14
Repair
First logicl Second . o
Memory array buffer cﬁzuit buffer interface
16 18
Controller Bad column table +—180
Internal memory Memory device

w0 2021/007698 A1 | I 00000 KA Y O O

(57) Abstract: A memory device includes a memory array (10), a first buffer (11), a second buffer (13), a repair logic circuit (12) and
an internal memory (18). The method of operating the memory device includes: the repair logic circuit (12) receiving a bad column
table from the internal memory (18), the bad column table containing information of a bad column in the memory array (10); the first
buffer (11) receiving first data; the repair logic circuit (12) receiving the first data from the first buffer (11); and the repair logic circuit
(12) mapping the first data onto second data according to the bad column table.

[Continued on next page]



WO 2021/007698 A1 |11} 00 0 00RO 0 0 0O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2021/007698 PCT/CN2019/095768
1

MEMORY DEVICE PROVIDING BAD COLUMN REPAIR AND METHOD OF
OPERATING SAME

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The invention relates to non-volatile memory, and in particular, to a memory device

providing bad column repair and a method of operating the same.
DESCRIPTION OF THE PRIOR ART

[0002] Non-volatile memories are widely adopted for data storage in mobile devices and
consumer electronics. In practice, various defects in individual cells, a group of cells, a

portion of a bit line, or even an entire bit line are present in the non-volatile memories, and
consequently the affected portion cannot be reliably used. Columns containing such defects

are referred to as bad columns.

[0003] In the related art, redundant columns have been incorporated on a sub-plane basis to
replace bad columns in the memories, such approaches require additional circuit areas and are
inefficient owing to the redundant columns being made available only to the specified

sub-plane.

[0004] Therefore, it is desirable to provide a memory device having full-plane-based bad
column repair and a method of controlling the same, enhancing circuit area efficiency while

managing bad columns to provide reliable memory operations.

SUMMARY OF THE INVENTION
[0005] In one embodiment, a method of operating a memory device is disclosed. The
memory device includes a memory array, a first buffer, a second buffer, a repair logic circuit
and an internal memory. The method includes: the repair logic circuit receiving a bad column
table from the internal memory, the bad column table containing information of a bad column
in the memory array; the first buffer receiving first data; the repair logic circuit receiving the
first data from the first buffer; and the repair logic circuit mapping the first data onto second

data according to the bad column table.

[0006] In another embodiment, a memory device including a first buffer, a second buffer, a
memory array, an internal memory and a repair logic circuit is provided. The first buffer is
used to receive first data. The second buffer is used to receive second data. The memory array

is coupled to one of the first buffer and the second bufter, and includes an array of memory
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cells. The internal memory is used to store a bad column table containing information of a bad
column of the memory array. The repair logic circuit is coupled to the internal memory and
between the first buffer and the second buffer, and used to receive the first data from the first
buffer, map the first data onto second data according to the bad column table, and transmit the

second data to the second buffer.

[0007] In yet another embodiment, a memory device including a first buffer, a memory
array, an internal memory and a repair logic circuit is provided. The first buffer is used to
receive first data. The memory array includes an array of memory cells. The internal memory
is used to store a bad column table containing information of a bad column of the memory
array. The repair logic circuit is coupled to the internal memory and between the first buffer
and the memory array, and used to receive the first data from the first buffer, map the first
data to second data according to the bad column table, and transmit the second data to the

memory array.

[0008] These and other objectives of the present invention will no doubt become obvious to
those of ordinary skill in the art after reading the following detailed description of the

preferred embodiment that is illustrated in the various figures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate embodiments of the present disclosure and, together with the
description, further serve to explain the principles of the present disclosure and to enable a

person skilled in the pertinent art to make and use the present disclosure.

[0010] FIG. 1is ablock diagram of a memory device according to an embodiment of the

invention.

[0011] FIG. 2 is an exemplary memory array of the memory device in FIG. 1 containing

bad columns.

[0012] FIG. 3 depicts an exemplary reading operation employing the memory device in

FIG. 1.
[0013] FIG. 4 is a block diagram of the repair logic circuit in the memory device 1.
[0014] FIG. 5 is a flowchart of a method of controlling the repair logic circuit in FIG. 4.

[0015] FIG. 61is a block diagram of a memory device according to another embodiment of

the invention.
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[0016] FIG. 7is a block diagram of a memory device according to yet another embodiment

of the invention.

[0017] FIG. 8 is a flowchart of a method of controlling the memory device in FIG. 1, 6 or
7.

DETAILED DESCRIPTION
[0018] FIG. 1isa block diagram of a memory device 1 according to an embodiment of the
invention. The memory device 1 may manage bad columns on a full-plane basis, read data
from a memory array and remove invalid data therefrom, thereby reducing the circuit area
taken up by redundancy columns used in a conventional approach while ensuring proper
operations of the memory device 1. The memory device may be a NAND or NOR flash

memory device.

[0019] The memory device 1 may comprise a memory array 10, a first buffer 11, a repair
logic circuit 12, a second buffer 13, an input/output (I/O) interface 14, a controller 16 and an
internal memory 18. The controller 16 is coupled to the memory array 10 and may control
operations thereof. The memory array 10 is coupled to the first buffer 11. The repair logic
circuit 12 is coupled to the internal memory 18, and coupled between the first buffer 11 and

the second buffer 13. The second buffer 13 is coupled to the I/O interface 14.

[0020] The I/O interface 14 may interface between the memory device 1 and a host device,
receiving a reading command and transmitting user data fetched from the memory array 10 in
response thereto. The memory array 10 contains a plurality of non-volatile memory cells
arranged into columns and rows, and may contain one or more bad columns including
defective memory cells and/or bit lines. FIG. 2 shows an embodiment of the memory array 10
having bad columns 1080 to 108p, 1090 to 109q, p and q being positive integers, e.g., p may
be 4 and q may be 3. In the memory array 10, memory cells may be organized into planes
100, 102, blocks 1000 to 100N, 1020 to 102N, and pages 1040 to 104M, 1060 to 106M, N
and M being positive integers, €.2., N may be 4096 and M may be 32. Quantities of bad
columns may vary from plane to plane. A distribution of bad columns across pages may be
unique to each plane, e.g., a distribution of the bad columns 1080 to 108p across the pages
1040 to 104M is unique to the plane 100. The bad columns 1080 to 108p, 1090 to 109q may
have a length of 2 bytes or a multiple thereof. Each of bad columns 1080 to 108p, 1090 to
109q may contain invalid data 00, FF or other data patterns.
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[0021] Returning to FIG. 1, the internal memory 18 may be a read-only memory (ROM) or
the header or spare portions of the memory array 10, and may contain a bad column table 180.
Information such as column addresses of bad columns in each plane may be identified and
recorded in the bad column table 180 during factory testing, thereby mapping out invalid data
from the bad columns during reading operations. The column addresses may be recorded in an
ascending or descending order. The size of the bad column table 180 may be selected in
accordance with a maximum expected quantity of bad columns in each plane. In some
embodiments, the bad column table 180 may hold up to 40 bytes of column addresses for 20

bad columns, with each bad column having a column address of 2 bytes in length.

[0022] In areading operation, the controller 16 may address the memory array 10 to output
first data to the first buffer 11. The first buffer 11 may have a depth matching the maximum
expected quantity of bad columns, e.g., 40 bytes. The repair logic circuit 12 may receive the
bad column table 180 from the internal memory 18, receive the first data from the first buffer
11, map the first data onto the second data according to the bad column table 180, and
transmit the second data to the second buffer 13. The second buffer 13 may transmit the
second data to the host device via the I/O interface 14. The repair logic circuit 12 may
perform data mapping on the first data to generate the second data during a pre-fetch period.
The data mapping may involve retrieving a logical address carried in the reading command,
mapping the logical address onto a physical address of the memory array 10 according to the
bad column table 180, and unselecting, from the first data, data not matching the physical
address, so as to generate the second data including only valid data. The pre-fetch period is
defined as a period from receiving a reading command to producing data for transmission, and

may be, for example, 300ns.

[0023] The memory device 1 adopts the first buffer 11, the repair logic circuit 12 and the
second buffer 13 to manage bad columns and enhance circuit performance during a reading

operation.

[0024] FIG. 3 depicts an exemplary reading operation employing the memory device 1. The
first buffer 11 receives a stream of first data including 2 pieces of invalid data B between
bytes B1 and B2 and 2 pieces of invalid data B between bytes B9 and B10. The repair logic
circuit 12 identifies locations of the invalid data B in accordance with the bad column
addresses in the bad column table 180, removes the 4 pieces of invalid data B from the stream
of first data to generate a stream of second data, and output the stream of second data to the

second buffer 13, thereby handling data read from the bad columns of the memory array 10.
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[0025] In the reading operation, the first buffer 11 may receive the first data from the
memory array 10 according to a first clock at a first speed. The repair logic circuit 12 may
adjust a speed of receiving the first data on the basis of presence of the bad columns, thereby
delivering the second data at a fixed speed regardless of the first data being associated with
good columns or not. When the bad column table 180 indicates that the first data is associated
with the bad column in the memory array 10, the repair logic circuit 12 may receive the first
data from the first buffer 11 according to a second clock at a speed exceeding the first speed,
e.g., twice the first speed; whereas when the bad column table 180 indicates that the first data
is not associated with the bad column in the memory array 10, the repair logic circuit 12 may
receive the first data from the first buffer 11 according to the first clock at the first speed. In
this fashion, the repair logic circuit 12 may ensure that the second data is transmitted to the
second buffer 13 according to the first clock at the first speed even if a portion of the first
data, e.g., half of the first data, is read from the bad columns and removed from the first data.
The second buffer 13 may transmit the second data to the I/O interface 14 according to a third
clock at four times of the first speed, and in turn, the I/O interface 14 may deliver the second

data to the host device, completing the reading operation.

[0026] FIG. 4 is a block diagram of the repair logic circuit 12 in the memory device 1,
comprising an address converter 120 and a data selector 122 coupled thereto. The address
converter 120 is coupled to the internal memory 18, and the data selector 122 is coupled

between the first buffer 11 and the second buffer 13.

[0027] The address converter 120 may acquire the bad column table 180 from the internal
memory 18 prior to a memory operation, receive a logical address carried in a reading
command, and compare the logical address to the bad column addresses to generate selection
signals M0<1:0> to M3<1:0> indicating whether to select or unselect a piece of the first data.

Operations of the address converter 120 are detailed in FIG. 5.

[0028] The data selector 122 may comprise 4-to-1 multiplexers 1220 to 1223, wherein
input terminals of the 4-to-1 multiplexers 1220 to 1223 are coupled to the first buffer 11,
output terminals of the 4-to-1 multiplexers 1220 to 1223 are coupled to the second buffer 13,
and selection terminals of the 4-to-1 multiplexers 1220 to 1223 are coupled to the address
converter 120. The input terminals of the 4-to-1 multiplexers 1220 to 1223 may receive
respective portions of the first data from the first buffer 11 addressed by input location
pointers LO to L3, the selection terminals of the 4-to-1 multiplexers 1220 to 1223 may receive
the respective selection signals M0<1:0> to M3<1:0> indicative of which of the input

terminals of the 4-to-1 multiplexers 1220 to 1223 are to be selected, and the output terminals
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of the 4-to-1 multiplexers 1220 to 1223 may output respective portions of the second data to
the second buffer 13 addressed by output location pointers PO to P3. Each of the input
location pointers LO to L3 and the output location pointers PO to P3 may point to a piece of
2-byte data, and may be managed by the address converter 120. The 4-to-1 multiplexers 1220
to 1223 may retrieve 8-byte data addressed by the input location pointers LO to L3. In some
embodiments, the selection signals M0<1:0> to M3<1:0> may select 4 pieces of 2-byte data
to produce 4 pieces of 2-byte data to be sent according to the output location pointers PO to
P3, respectively. In other embodiments, the selection signals M0<1:0> to M3<1:0> may
select a portion of the 4 pieces of 2-byte data and unselect the remains of the 4 pieces of
2-byte data, so as to produce less-than-8-byte data to be sent according to a corresponding
portion of the output location pointers PO to P3. For example, if 2 pieces of data
corresponding to the input location pointers L2 and L3 are identified as invalid data read from
bad columns, the selection signals M0<1:0>to M3<1:0> may select 2 pieces of data
corresponding to the input location pointers LO and L1 and unselect the 2 pieces of data
corresponding to the input location pointers L2 and L3 so as to produce 2 pieces of data to be

sent corresponding to the output location pointers PO and P1.

[0029] Table 1 shows 4 cases of input location pointers prior to the data mapping, Table 2
shows 4 corresponding cases of input location pointers after the data mapping, where Ln, NLn
and NNLn respectively represent input location pointers pointing to data in the present clock
cycle, the next clock cycle, and 2 clock cycles from the present one, n is an integer ranging
between 0 and 3, and the quoted alphanumerics represent input location pointers pointing to
invalid data pieces,. The data mapping may be performed by the address converter 120 to
convert the input location pointers in Table 1 into the input location pointers in Table 2. The
input location pointers refer to 4 data pieces to be received by the 4-to-1 multiplexers 1220 to

1223, respectively.

Table 1

Case 1 “L2” L3 NLO NL1
Case 2 “L2” “L3” NLO NL1
Case 3 “L2” “L3” “NLO” NL1
Case 4 ((L277 ((L377 ((NLO” ((NLl”
Table 2

Case 1 L3 NLO NL1 NL2

Case 2 NLO NL1 NL2 NL3
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Case 3 NL1 NL2 NL3 NNLO

Case 4 NL2 NL3 NNLO NNLI1

[0030] In Case 1, initially in Table 1, the input location pointer L2 points to an invalid data
piece and the input location pointers 1.3, NLO, NL1 point to valid data pieces. In Table 2, the
address converter 120 may identify the invalid data piece using the bad column table 180,
discard the input location pointer L2 and bring forward the input location pointers L3, NLO,
NLI, and a subsequent input location pointer NL2. In Case 2 of Table 1, the input location
pointers L2, L3 point to invalid data pieces and the input location pointers NLO, NL1 point to
valid data pieces. In Table 2, the address converter 120 may drop the input location pointers
L2, L3 and bring forward the input location pointers NLO, NL1 and subsequent input location
pointers NL2, NL3. In Case 3 of Table 1, the input location pointers 1.2, L3, NLO point to
invalid data pieces and the input location pointer NL1 points to a valid data piece. In Table 2,
the address converter 120 may remove the input location pointers L2, 1.3, NLO and move
forward the input location pointer NL1 and subsequent input location pointers NL2, NL3,
NNLO. In Case 4 of Table 1, the input location pointers L2, L3, NLO, NL1 all point to invalid
data pieces. In Table 2, the address converter 120 may remove the input location pointers L2,
L3, NLO, NL1 and move forward subsequent input location pointers NL2, NL3, NNLO,
NNLI. In this fashion, the address converter 120 may control the input location pointers of

the 4-to-1 multiplexers 1220 to 1223.

[0031] FIG. 5is a flowchart of a method 5 of controlling the repair logic circuit 12 in FIG.
4. The method 5 comprises Steps S500 to S510. Steps S500 to S504, S508 are used to
translate the logical address into the physical address of the memory array 10 according to the
bad column addresses, so as to generate the selection signals M0<1:0> to M3<1:0> for the
4-to-1 multiplexers 1220 to 1223. Steps S506 and S510 are used to select or unselect data
pieces from the first data in accordance with the selection signals M0<1:0> to M3<1:0>, so as
to generate the second data. Any reasonable technological change or step adjustment is within

the scope of the disclosure. Steps S500 to S510 are provided as follows:

Step S500:  Address converter 120 compares a logical address to bad column addresses in
bad column table 180;

Step S502:  Address converter 120 determines whether bad column table 180 contains at
least one bad column address preceding or equal to the logical address? If so,
go to Step S504, and if not, go to Step S508;

Step S504:  Address converter 120 determines a physical address according to the logical
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address and a quantity of the at least one bad column address;

Step S506:  Data selector 122 unselects data not associated with the physical address, and
selects data associated with the physical address, so as to generate the second
data.

Step S508:  Address converter 120 employs the logical address as a physical address of the
memory array 10;

Step S510:  Data selector 122 selects data associated with the physical address to generate

the second data.

[0032] Upon startup, the memory device 1 receives a read command carrying a logical
address of data to be read. The address converter 120 acquires the logical address and the bad
column table 180, and compares the logical address to bad column addresses in bad column
table 180 (S500), so as to determine whether the bad column table 180 contains at least one
bad column address preceding or equal to the logical address (S502). If so, data should be
read from a physical address different from the logical address on account of the bad columns,
and the address converter 120 determines the physical address according to the logical address
and a quantity of the at least one bad column address (S504). In some embodiments, the
address converter 120 pushes back the logical address by 2 bytes for each of the bad column
addresses preceding or equal to the logical address to derive the physical address. For
example, if there are 3 bad column addresses preceding or equal to the logical address, the
address converter 120 increments the logical address by 6 bytes to derive the physical address.
In some embodiments, the address converter 120 generates the selection signals M0<1:0> to
M3<1:0> to select data matching the physical address and unselect data not matching the
physical address. Next, the data selector 122 unselects, according to the selection signals
MO<1:0> to M3<1:0>, data not associated with the physical address, and selects, according to
the selection signals M0<1:0> to M3<1:0>, data associated with the physical address, so as to

generate the second data (S506).

[0033] If the bad column table 180 contains no bad column address preceding or equal to
the logical address, data should be read from the logical address, and the address converter
120 employs the logical address as the physical address of the memory array 10 (S508). The
address converter 120 generates the selection signals M0<1:0> to M3<1:0> to select data
matching the physical address, and the data selector 122 selects, according to the selection
signals M0<1:0> to M3<1:0>, the data associated with the physical address, so as to generate

the second data (S510).
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[0034] FIG. 61is a block diagram of a memory device 6 according to an embodiment of the
invention. The memory device 6 is similar to the memory device 1 except that data may be
written thereto by skipping bad columns and writing data next thereto. The memory device 6
may reuse the first buffer 11, the repair logic circuit 12 and the third buffer 13 of the memory
device 1 to perform a writing operation. The I/O interface 14 is coupled to the first buffer 11,
and the second buffer 13 is coupled to the memory array 10. A data flow of the writing
operation is in reverse order of that of the reading operation. The I/O interface 14 may receive
a writing command carrying first data and a logical address where the first data is to be
written. Explanations for operations of the memory array 10, the I/O interface 14, the
controller 16 and the internal memory 18 are identical to those in memory device 1 and will
be omitted for brevity. Explanations for operations of the first buffer 11, the repair logic

circuit 12 and the third buffer 13 in a writing operation will be detailed as follows.

[0035] In the writing operation, the first buffer 11 may receive the first data from the I/O
interface 14. The repair logic circuit 12 may receive the bad column table 180 from the
internal memory 18, receive the first data from the first buffer 11, map the first data onto the
second data according to the bad column table 180, and transmit the second data to the second
buffer 13. The second buffer 13 may transmit the second data to the memory array 10 for
writing the same. The repair logic circuit 12 may perform data mapping by retrieving the
logical address from the writing command, mapping the logical address onto a physical
address of the memory array 10 according to the bad column table 180, and inserting invalid
data into the first data in accordance with the locations of the bad columns, so as to generate

the second data.

[0036] Specifically, in the writing operation, the first buffer 11 may receive the first data
from the 1/O interface 14 according to the third clock at a third speed. The repair logic circuit
12 may receive the first data from the first buffer 11 according to the first clock at the first
speed equivalent to a quarter of the third speed, convert the first data into the second data and
adjust a speed of transmitting the second data to the second buffer 13 on the basis of presence
of the bad columns, thereby writing the first data at a fixed speed regardless of the first data

being associated with good columns or not.

[0037] When the bad column table 180 indicates that the first data is associated with the
bad columns, the repair logic circuit 12 may convert the first data into the second data and
transmitting the second data to the second buffer 13 at a speed exceeding the first speed, e.g.,
twice the first speed; whereas when the bad column table 180 indicates that the first data is

not associated with the bad column in the memory array 10, the repair logic circuit 12 may
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forward the first data as the second data to the second buffer 13 according to the first clock at
the first speed. In this fashion, the speed of writing the first data into the memory array 10
may be greater than or equal to the first speed even if a portion of the first data, e.g., half of
the first data, is associated with the bad columns. In the case of writing the first data at twice
the first speed, the memory device 6 may write the first data into a memory space with one
half thereof being bad columns without data loss. The second buffer 13 may transmit the
second data to the memory array 10 according to the first clock at the first speed, thereby

completing the writing operation.

[0038] The memory device 6 adopts the first buffer 11, the repair logic circuit 12 and the
second buffer 13 to manage bad columns and enhance circuit performance during a writing

operation.

[0039] FIG. 7 is a block diagram of a memory device 7 according to yet another
embodiment of the invention. The memory device 7 may manage bad columns of the memory
array 10 and write data thereto by skipping the bad columns, and is similar to the memory
device 6 except that the second buffer 13 is omitted. The repair logic circuit 12 is coupled to
the memory array 10, and may perform the data mapping on the first data to generate the
second data according to the first clock at the first speed. In turn, the memory array 10 may
write the second data at the first speed. The memory device 7 adopts the first buffer 11 and
the repair logic circuit 12 to manage bad columns and enhance circuit performance during a

writing operation.

[0040] FIG. 8 is a flowchart of a method 8 of controlling the memory device 1, 6 or 7. The
method 8 comprises Steps S800 to S808 used to map the first data onto the second data, so as
to read from or write into the memory device 1, 6 or 7 having bad columns. Any reasonable
technological change or step adjustment is within the scope of the disclosure. Steps S800 to

S808 are provided as follows:

Step S800:  Repair logic circuit 12 receives bad column table 180 from internal memory
18;

Step S802:  First buffer 11 receives first data;

Step S804:  Repair logic circuit 12 receives the first data from first buffer 11;

Step S806:  Repair logic circuit 12 maps the first data onto second data according to bad
column table 180;

Step S808:  Repair logic circuit 12 transmits the second data.



WO 2021/007698 PCT/CN2019/095768
11

[0041] Steps S800 to S808 are explained in detail in the preceding paragraphs, and
explanation therefor is omitted for brevity. The method 8 may be adopted by the memory

device 1, 6 or 7 to manage bad columns and deliver efficient memory operations.

[0042] The memory devices 1, 6 and 7 and the methods 5 and 8 employ the first buffer 11,
the repair logic circuit 12 and the second buffer 13 to manage bad columns without the use of
redundancy columns, enhancing circuit area efficiency while providing reliable memory

operations.

[0043] Those skilled in the art will readily observe that numerous modifications and
alterations of the device and method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be construed as limited only by the metes

and bounds of the appended claims.
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CLAIMS

What is claimed is:

1. A method of operating a memory device, the memory device comprising a memory
array, a first buffer, a second buffer, a repair logic circuit and an internal memory, and
the method comprising:

the repair logic circuit receiving a bad column table from the internal memory, the
bad column table containing information of a bad column in the memory array;

the first buffer receiving first data;

the repair logic circuit receiving the first data from the first buffer; and

the repair logic circuit mapping the first data onto second data according to the bad

column table.

2. The method of Claim 1, wherein:
the bad column table contains a bad column address of the bad column in the
memory array; and
the repair logic circuit mapping the first data onto the second data according to the
bad column table comprises:
the repair logic circuit mapping a logical address onto a physical address of
the memory array according to the bad column table; and
the repair logic circuit unselecting, from the first data, data not associated

with the physical address to generate the second data.

3. The method of Claim 2, wherein the repair logic circuit mapping the logical address
onto the physical address of the memory array according to the bad column table
comprises:

the repair logic circuit determining whether the bad column table contains at least
one bad column address preceding or equal to the logical address; and

if so, the repair logic circuit determining the physical address according to the

logical address and a quantity of the at least one bad column address.

4. The method of Claim 1, wherein the repair logic circuit mapping the first data onto
the second data according to the bad column table comprises:
the repair logic circuit mapping the first data onto the second data during a

pre-fetch period.
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5. The method of Claim 1, further comprising:
in a reading operation, the first buffer receiving the first data from the memory
array at a first speed,
wherein the repair logic circuit receiving the first data from the first buffer
comprises:
in the reading operation, the repair logic circuit receiving the first data from
the first buffer at twice the first speed when the bad column table indicates that the

first data is associated with the bad column in the memory array.

6. The method of Claim 1, further comprising:
in a reading operation, the first buffer receiving the first data from the memory
array at a first speed,
wherein the repair logic circuit receiving the first data from the first buffer
comprises:
in the reading operation, the repair logic circuit receiving the first data from
the first buffer at the first speed when the bad column table indicates that the first

data is not associated with the bad column in the memory array.

7. The method of Claim 1, further comprising:

in a reading operation, the repair logic circuit transmitting the second data to the
second buffer at a first speed; and

in the reading operation, the second buffer transmitting the second data to an

input/output interface of the memory device at four times of the first speed.

8. The method of Claim 1, wherein:

the repair logic circuit receiving the first data from the first buffer comprises:

in a writing operation, the repair logic circuit receiving the first data from the
first buffer at a first speed,;
the method further comprises:

in the writing operation, the repair logic circuit inserting invalid data into the
first data to generate the second data when the bad column table indicates that the
first data is associated with the bad column in the memory array; and

in the writing operation, the repair logic circuit transmitting the second data to

the second buffer at twice the first speed when the bad column table indicates that
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the first data is associated with the bad column in the memory array.

9. The memory device of Claim 1, wherein:
the repair logic circuit receiving the first data from the first buffer comprises:
in a writing operation, the repair logic circuit receiving the first data from the
first buffer at a first speed; and
in the writing operation, the repair logic circuit transmitting the second data to
the second buffer at the first speed when the bad column table indicates that the first

data is not associated with the bad column in the memory array.

10. The method of Claim 1, further comprising;

the repair logic circuit transmitting the second data to the memory array.

11. Amemory device comprising:

a first buffer, configured to receive first data;

a second buffer, configured to receive second data;

a memory array, coupled to one of the first buffer and the second buffer, and
comprising an array of memory cells;

an internal memory, configured to store a bad column table containing information
of a bad column of the memory array; and

a repair logic circuit, coupled to the internal memory and between the first buffer
and the second bufter, and configured to receive the first data from the first buffer, map
the first data onto second data according to the bad column table, and transmit the

second data to the second buffer.

12. The memory device of Claim 11, wherein:

the bad column table contains a bad column address of the bad column in the
memory array;

the repair logic circuit comprises an address converter and a data selector coupled
thereto;

the address converter is configured to map a logical address onto a physical address
of the memory array according to the bad column table; and

the data selector is configured to unselect, from the first data, data not associated

with the physical address to generate the second data.
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13. The memory device of Claim 12, wherein:

the repair logic circuit is configured to determine whether the bad column table
contains at least one bad column address preceding or equal to the logical address, and
if so, determine the physical address according to the logical address and a quantity of

the at least one bad column address.

14. The memory device of Claim 11, wherein the repair logic circuit is configured to

map the first data onto the second data during a pre-fetch period.

15. The memory device of Claim 11, wherein:

in a reading operation, the first buffer is configured to receive the first data from the
memory array at a first speed; and

when the bad column table indicates that the first data is associated with the bad
column in the memory array, the repair logic circuit is configured to receive the first

data from the first buffer at twice the first speed.

16. The memory device of Claim 11, wherein:

in a reading operation, the first buffer is configured to receive the first data from the
memory array at a first speed,

when the bad column table indicates that the first data is not associated with the bad
column in the memory array, the repair logic circuit is configured to receive the first

data from the first buffer at the first speed.

17. The memory device of Claim 11, wherein:

the repair logic circuit is configured to transmit the second data to the second buffer
at a first speed; and

in a reading operation, the second buffer is configured to transmit the second data at

four times of the first speed.

18. The memory device of Claim 11, wherein:

in a writing operation, the repair logic circuit is configured to receive the first data
from the first buffer at a first speed, and when the bad column table indicates that the
first data 1s associated with the bad column in the memory array, insert invalid data into
the first data to generate the second data, and transmit the second data to the second

buffer at twice the first speed.
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19. The memory device of Claim 11, wherein:

in a writing operation, the repair logic circuit is configured to receive the first data
from the first buffer at a first speed, and when the bad column table indicates that the
first data is associated with the bad column in the memory array, transmit the second

data to the second buffer at the first speed.

20. A memory device comprising:

a first buffer, configured to receive first data;

a memory array, comprising an array of memory cells;

an internal memory, configured to store a bad column table containing information
of a bad column of the memory array; and

a repair logic circuit, coupled to the internal memory and between the first buffer
and the memory array, and configured to receive the first data from the first buffer, map
the first data to second data according to the bad column table, and transmit the second

data to the memory array.
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