
 
 

1 

DATA ERROR CORRECTION CIRCUIT AND DATA TRANSMISSION 

METHOD 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] The disclosure claims priority to Chinese Patent Application No. 

202210209652.0 filed on March 4, 2022 and entitled "DATA ERROR CORRECTION 

CIRCUIT AND DATA TRANSMISSION METHOD", which is hereby incorporated by 

reference in its entirety. 

 

TECHNICAL FIELD 

[ 0002] The disclosure relates to the technical field of integrated circuits, and in 

particular, to a data error correction circuit and a data transmission method for the data 

error correction circuit. 

 

BACKGROUND 

[ 0003] The speed of a channel between a memory and a system (controller/processor) is 

increasingly faster, which brings a great challenge to the transmission accuracy of a signal. 

Under such circumstance, the related art provides a link Error Correcting Code (Link ECC) 

in a data receiving terminal (controller/processor) to perform error correction on received 

data to correct an error that may be generated by channel transmission. 

[ 0004] In order to improve the error correction accuracy, the related art generally needs 

to generate, according to the received data and a first check code corresponding to the data, 

a second check code including a full check value of the data in the data receiving terminal, 

and then perform error correction on the data according to the second check code. The full 

check value is generated according to each bit of the data and each bit of the first check 

code. This sets a threshold for circuit functions of the data receiving terminal, and also 
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increases the number of elements and the layout area of the data receiving terminal. 

[ 0005] Therefore, how to reduce the requirement on the data receiving terminal without 

changing the error correction accuracy is a technical point which can be improved for an 

integrated circuit having a data transmission function. 

[ 0006] It is to be noted that the information disclosed herein is only used to enhance the 

understanding of the background of the disclosure, and therefore may include the 

information that does not constitute the prior art well-known to persons skilled in the art. 

 

SUMMARY 

[ 0007] The disclosure is intended to provide a data error correction circuit and a data 

transmission method for the data error correction circuit, which are used for solving, at 

least to a certain extent, the problem in the related art where a data error correction 

function requires many circuit elements and occupies large layout area. 

[ 0008] According to a first aspect of the disclosure, provided is a data error correction 

circuit, provided in a memory, and including: a data error correction module, configured to 

receive first data and a first check code corresponding to the first data, perform error 

correction on the first data according to the first check code to generate second data, and 

output the second data; and a check code generation module, configured to receive the first 

data and the first check code, generate a second check code according to the first data and 

the first check code, and output the second check code. 

[ 0009] In one exemplary embodiment of the disclosure, the data error correction module 

includes: an error correction code generation unit, configured to receive the first data and 

the first check code and generate a data error correction code and a check error correction 

code according to the first data and the first check code; and a data error correction unit, 

connected to the error correction code generation unit, and configured to receive the first 

data and the data error correction code, and perform error correction on the first data 

according to the data error correction code to generate and output the second data. 

[ 0010] In one exemplary embodiment of the disclosure, the check code generation 
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module is connected to the error correction code generation unit and configured to receive 

the data error correction code and the check error correction code, and the check code 

generation module is configured to correct the second check code according to the data 

error correction code or the check error correction code. 

[ 0011] In one exemplary embodiment of the disclosure, the check code generation 

module includes: a full check value generation unit, connected to the error correction code 

generation unit, and configured to receive the first data and the first check code, and 

generate a full check value according to the first data, the first check code and the data 

error correction code, or generate the full check value according to the first data, the first 

check code and the check error correction code, where the second check code includes the 

full check value. 

[ 0012] In one exemplary embodiment of the disclosure, the full check value generation 

unit includes: a full check value calculation unit, configured to receive the first data and the 

first check code, and generate an initial full check value according to the first data and the 

first check code; and a full check value error correction unit, connected to the full check 

value calculation unit and the error correction code generation unit, and configured to 

perform error correction on the initial full check value according to the data error 

correction code or the check code error correction code, and output the full check value. 

[ 0013] In one exemplary embodiment of the disclosure, the full check value error 

correction unit is configured to, after receiving the data error correction code or the check 

error correction code, invert the initial full check value to generate the full check value. 

[ 0014] In one exemplary embodiment of the disclosure, the initial full check value is 

obtained by performing XOR operation on each bit of the first data and each bit of the first 

check code. 

[ 0015] In one exemplary embodiment of the disclosure, the check code generation 

module includes: a check code error correction unit, connected to the error correction code 

generation unit, and configured to receive the first check code, and perform error 

correction on the first check code according to the check error correction code, where the 

second check code includes an error-corrected first check code. 
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[ 0016] In one exemplary embodiment of the disclosure, a highest bit of the second 

check code is the full check value, and the error-corrected first check code forms remaining 

bits of the second check code. 

[ 0017] In one exemplary embodiment of the disclosure, the first check code includes 8-

bit data. 

[ 0018] According to a second aspect of the disclosure, provided is a memory, including: 

the data error correction circuit of any one of the above; a first output terminal, configured 

to output second data; and a second output terminal, configured to output a second check 

code corresponding to the second data. 

[ 0019] According to a third aspect of the disclosure, provided is an integrated memory 

apparatus, including: the memory of the above; and a controller, connected to the memory, 

and configured to receive second data and a second check code, and perform check and 

error correction on the second data according to the second check code. 

[ 0020] In one exemplary embodiment of the disclosure, the controller determines, 

according to the second check code, whether there is a multi-bit error in the second data. 

[ 0021] According to a fourth aspect of the disclosure, provided is a data transmission 

method, executed by the memory of any one of the above, and including: acquiring first 

data to be transmitted and a first check code corresponding to the first data; performing 

error correction on the first data according to the first check code and the first data to 

generate second data; generating a second check code according to the first data and the 

first check code; and simultaneously outputting the second data and the second check code 

to a controller, to enable the controller to perform check and error correction on the second 

data according to the second check code. 

[ 0022] In one exemplary embodiment of the disclosure, the operation of generating the 

second check code according to the first data and the first check code includes: performing 

XOR operation on each bit of the first data and each bit of the first check code to generate 

an initial full check value; acquiring check results of the first data and the first check code; 

and generating the second check code according to the check results, the first check code 

and the full check value.  
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[ 0023] In one exemplary embodiment of the disclosure, the operation of generating the 

second check code according to the check results, the first check code and the full check 

value includes: when it is determined, according to the check results, that the first check 

code has an error and the first data does not have an error, performing error correction on 

the initial full check value to generate a full check value, and performing error correction 

on the first check code; and generating the second check code according to an error-

corrected first check code and the full check value. 

[ 0024] In one exemplary embodiment of the disclosure, the operation of generating the 

second check code according to the check results, the first check code and the full check 

value includes: when it is determined, according to the check results, that the first check 

code does not have an error and the first data has an error, performing error correction on 

the initial full check value to generate a full check value; and generating the second check 

code according to the first check code and the full check value. 

[ 0025] In one exemplary embodiment of the disclosure, the operation of generating the 

second check code according to the check results, the first check code and the full check 

value includes: when it is determined, according to the check results, that the first data and 

the first check code both do not have an error, generating the second check code according 

to the first check code and the initial full check value. 

[ 0026] In one exemplary embodiment of the disclosure, the operation of performing 

error correction on the initial full check value to generate the full check value includes: 

inverting the initial full check value to generate the full check value. 

[ 0027] In one exemplary embodiment of the disclosure, the operation of generating the 

second check code according to the first data and the first check code includes: acquiring 

check results of the first data and the first check code; when it is determined, according to 

the check results, that the first data and the first check code both do not have an error, 

performing XOR operation on each bit of the first data and each bit of the first check code 

to determine a full check value, and generating the second check code according to the full 

check value and the first check code; when it is determined, according to the check results, 

that only the first data has an error, performing XOR operation on each bit of the second 

data and each bit of the first check code to determine a full check value, and generating the 
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second check code according to the full check value and the first check code; and when it 

is determined, according to the check results, that only the first check code has an error, 

performing XOR operation on each bit of the first data and each bit of an error-corrected 

first check code to determine a full check value, and generating the second check code 

according to the full check value and the error-corrected first check code. 

[ 0028] In the embodiments of the disclosure, generation of the second check code is 

completed in the data error correction circuit of the memory, and the second data after error 

correction and the second check code corresponding to the second data are directly 

outputted, so that a data receiving terminal can directly perform check and error correction 

on the second data according to the second check code, thereby reducing the tedious 

procedure in the related art of generating a check code again in the data receiving terminal 

according to the received data and check code, reducing function requirements for the data 

receiving terminal, reducing the number of elements and the layout area of the data 

receiving terminal, and improving compatibility of the memory. 

[ 0029] It is to be understood that the above general description and the following 

detailed description are merely exemplary and explanatory, and are not intended to limit 

the disclosure. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0030] The accompanying drawings are incorporated in and constitute a part of the 

description, illustrate embodiments in line with the disclosure and, together with the 

description, serve to explain the principles of the disclosure. It is apparent that the 

accompanying drawings in the following description show only some embodiments of the 

disclosure, and persons skilled in the art may still derive other accompanying drawings 

from these accompanying drawings without creative efforts. 

[ 0031] FIG. 1 is a schematic structural diagram of a data error correction circuit 

according to an exemplary embodiment of the disclosure. 

[ 0032] FIG. 2 is a schematic diagram of a data error correction circuit according to an 
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embodiment of the disclosure. 

[ 0033] FIG. 3 is a schematic diagram of a full check value generation unit 121 shown in 

FIG. 2 according to an embodiment of the disclosure. 

[ 0034] FIG. 4 is a schematic diagram of a memory according to an embodiment of the 

disclosure. 

[ 0035] FIG. 5 is a schematic diagram of an integrated memory apparatus using the 

memory shown in FIG. 4. 

[ 0036] FIG. 6 is a flowchart of a data transmission method according to an embodiment 

of the disclosure. 

[ 0037] FIG. 7 is a sub-flowchart of operation S3 according to an embodiment of the 

disclosure. 

[ 0038] FIG. 8 is a sub-flowchart of operation S33 shown in FIG. 7 according to an 

embodiment of the disclosure. 

[ 0039] FIG. 9 is a sub-flowchart of operation S3 according to another embodiment of 

the disclosure. 

 

DETAILED DESCRIPTION 

[ 0040] Exemplary implementations are now described more comprehensively with 

reference to the accompanying drawings. However, the exemplary implementations may be 

implemented in many forms and should not be construed as limited to the examples set 

forth herein. Rather, the provision of such implementations makes the disclosure more 

thorough and complete, and may fully convey the concepts of the exemplary 

implementations to persons skilled in the art. The features, structures, or characteristics 

described may be combined in one or more implementations in any suitable manner. In the 

following description, numerous specific details are provided to give full understandings of 

the implementations of the disclosure. However, persons skilled in the art will appreciate 

that, technical solutions provided in the disclosure may be practiced but omitting one or 
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more specific details, or by other methods, components, apparatus, operations, etc. In other 

cases, well-known technical solutions will not be shown or described in detail to avoid 

obscuring aspects of the disclosure. 

[ 0041] In addition, the accompanying drawings are merely schematic illustrations of the 

disclosure. The same reference numerals in the accompanying drawings represent the same 

or similar elements, and thereby their description may not be repeated. Some of the block 

diagrams shown in the accompanying drawings are functional entities and do not 

necessarily correspond to physically or logically independent entities. Such functional 

entities may be implemented in the form of software, or implemented in one or more 

hardware modules or integrated circuits, or implemented in different networks and/or 

processor apparatuses and/or micro-controller apparatuses. 

[ 0042] The example implementations of the disclosure will be described in detail below 

with reference to the accompanying drawings. 

[ 0043] FIG. 1 is a schematic structural diagram of a data error correction circuit 

according to an exemplary embodiment of the disclosure. 

[ 0044] Referring to FIG. 1, the data error correction circuit 100 is provided in a 

memory, and may include: 

[ 0045] a data error correction module 11, configured to receive first data Data1 and a 

first check code Parity1 corresponding to the first data, perform error correction on the first 

data Data1 according to the first check code Parity1 to generate second data Data2, and 

output the second data Data2; and 

[ 0046] a check code generation module 12, configured to receive the first data Data1 

and the first check code Parity1, generate a second check code Parity2 according to the 

first data Data1 and the first check code Parity1, and output the second check code Parity2. 

[ 0047] When the memory as a data sending terminal sends data to a data receiving 

terminal, before outputting the data, the memory performs error correction on an error in 

the data to be transmitted which may be caused by a memory array, that is, an On Die Error 

Correcting Code (On Die ECC) circuit is set to correct the error caused by the memory 
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array. 

[ 0048] In the embodiments of the disclosure, by improving the On Die ECC circuit of 

the memory, while error correction is performed on the first data Data1, the second check 

code Parity2 is directly generated according to the first data Data1 and the first check code 

Parity1 and then outputted, so that the data receiving terminal can directly perform, 

according to the second check code, check and error correction on the second data Data2 

finally outputted by the memory, thereby reducing the tedious procedure in the related art 

of generating a check code again in the data receiving terminal according to the received 

data and check code, reducing function requirements for the data receiving terminal, 

reducing the number of elements and the layout area of the data receiving terminal, and 

improving compatibility of the memory. 

[ 0049] FIG. 2 is a schematic diagram of a data error correction circuit according to an 

embodiment of the disclosure. In the embodiment shown in FIG. 2, it is assumed that the 

first data Data1 is 128 bits, and is denoted as Data<127:0>, and correspondingly, the first 

check code (an ECC check code of the first data) Parity1 is 8 bits, and is denoted as 

Parity<7:0>, the second data Data2 is 128 bits, and is denoted as ABus<127:0>, and the 

second check code Parity 2 includes a full check value of the second data Data2 which is 9 

bits, and is denoted as ABusParity<8:0>. 

[ 0050] Referring to FIG. 2, in one embodiment, the data error correction module 11 

includes: 

[ 0051] an error correction code generation unit 111, configured to receive the first data 

Data<127:0> and the first check code Parity<7:0> and generate a data error correction 

code Code1 or a check error correction code Code2 according to the first data Data<127:0> 

and the first check code Parity<7:0>; and 

[ 0052] a data error correction unit 112, connected to the error correction code 

generation unit 111, and configured to receive the first data Data<127:0> and the data error 

correction code Code1, and perform error correction on the first data Data<127:0> 

according to the data error correction code Code1 to generate and output the second data 

ABus<127:0>. 
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[ 0053] The check code generation module 12 is connected to the error correction code 

generation unit 111 and configured to receive the data error correction code Code1 and the 

check error correction code Code2, and the check code generation module 12 is configured 

to correct the second check code ABusParity<8:0> according to the data error correction 

code Code1 or the check error correction code Code2. 

[ 0054] Exemplarily, in one embodiment, the check code generation module 12 includes: 

[ 0055] a full check value generation unit 121, connected to the error correction code 

generation unit 111, and configured to receive the first data Data<127:0> and the first 

check code Parity<7:0>, and generate a full check value Parity<8> according to the first 

data Data<127:0>, the first check code Parity<7:0>, and the data error correction code 

Code1, or generate a full check value Parity<8> according to the first data Data<127:0>, 

the first check code Parity<7:0>, and the check error correction code Code2, where the 

second check code ABusParity<8:0> includes the full check value Parity<8>; and 

[ 0056] a check code error correction unit 122, connected to the error correction code 

generation unit 111, and configured to receive the first check code Parity<7:0>, and 

perform error correction on the first check code Parity<7:0> according to the check error 

correction code Code2 to output an error-corrected first check code ABusParity<7:0>, 

where the second check code ABusParity<8:0> includes the error-corrected first check 

code ABusParity<7:0>. 

[ 0057] The full check value Parity<8> and the error-corrected first check code 

ABusParity<7:0> are outputted together to form the second check code ABusParity<8:0>. 

In one embodiment, a highest bit of the second check code ABusParity<8:0> is the full 

check value Parity<8>, and the error-corrected first check code Parity<7:0> forms 

remaining bits of the second check code ABusParity<8:0>. By setting the output timing of 

the full check value generation unit 121 and the check code error correction unit 122, the 

full check value generation unit 121 and the check code error correction unit 122 can 

together output the 9-bit second check code ABusParity<8:0>. 

[ 0058] In the embodiments of the disclosure, the first check code is an ECC check code 

of the first data outputted by the memory. For generation of the ECC check code, XOR 

operation is performed on different bits in the first data according to a set rule, and an XOR 
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result of multiple groups of different bits is set as one bit of the ECC check code. 

According to the generation rule of the ECC check code, whether there is an error in the 

data can be detected according to the ECC check code of the data, and error correction is 

performed on incorrect data bits by means of the ECC check code. The data is checked by 

using the ECC check code of the data, so that an error over an odd number of bits of the 

data may be detected. 

[ 0059] The second check code of the data is generated according to the data and the first 

check code of the data. Several low bits of the second check code of the data are the first 

check code of the data, and a highest bit is the full check value of the data. The full check 

value is generated according to the data and the first check code of the data. In one 

embodiment, the full check value may be, for example, an XOR result of each bit of the 

data and each bit of the first check code. According to the rule, the data is checked by using 

the second check code of the data, so that whether the data has an error over an even 

number of bits can be detected. 

[ 0060] By combining the first check code and the second check code of the data, 

comprehensive check and error correction can be performed on the data. 

[ 0061] In the embodiment shown in FIG. 2, the error correction code generation unit 

111 receives the first data and the first check code, and since the first check code is 

generated according to the first data, the error correction code generation unit 111 may 

check the first data and the first check code, and determine, according to check results, 

whether there is an error in the first data and the first check code. The error correction code 

generation unit 111 indicates the check results by outputting values of the two error 

correction codes. One error correction code is a data error correction code Code1 which is 

used to indicate that the first data has an error, and the other error correction code is a 

check error correction code Code2 which is used to indicate that the first check code has an 

error. It may be assumed that when the data error correction code Code1 is a first value, it 

is indicated that the first data has an error, and when the data error correction code Code1 

is a second value, it is indicated that the first data is correct. The first value and the second 

value are, for example, a logic level 1 and a logic level 0 respectively, or the first value and 

the second value are respectively other values, which are not specifically limited in the 

disclosure. Similarly, it may be assumed that when the check error correction code Code2 
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is the first value, it is indicated that the first check code has an error, and when the check 

error correction code Code2 is the second value, it is indicated that the first check code is 

correct. 

[ 0062] The data error correction unit 112 is configured to perform error correction on 

the first data. When the data error correction unit 112 receives the data error correction 

code Code1 indicating that the data has an error, the data error correction unit 112 performs 

error correction on the first data according to the data error correction code Code1 to 

output second data. When the data error correction unit 112 receives the data error 

correction code Code1 indicating that the data is correct, the data error correction unit 112 

does not perform error correction on the first data according to the data error correction 

code Code1, and directly outputs the first data as second data. 

[ 0063] Similarly, the check error correction unit 122 is configured to perform error 

correction on the first check code. When the check error correction unit 122 receives the 

check error correction code Code2 indicating that the first check code has an error, the 

check error correction unit 122 performs error correction on the first check code according 

to the check error correction code Code2 to output an error-corrected first check code. 

When the check error correction unit 122 receives the check error correction code Code2 

indicating that the first check code is correct, the check error correction unit 122 does not 

perform error correction on the first check code according to the check error correction 

code Code2, and directly outputs the first check code as an error-corrected first check code. 

[ 0064] The check code generation module 12 needs to generate a second check code 

related to the first data and the first check code. Regardless of whether the first data or the 

first check code has an error, correctness of the full check value can be affected. The check 

code generation module 12 receives the data error correction code Code1 and the check 

error correction code Code2. 

[ 0065] The full check value generation unit 121 is configured to generate a full check 

value of the first data. Regardless of whether the first data or the first check code has an 

error, correctness of the full check value can be affected. The full check value generation 

unit 121 simultaneously receives the data error correction code Code1 and the check error 

correction code Code2. 
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[ 0066] The check code error correction unit 122 performs error correction only on the 

first check code, and therefore, receives the check error correction code Code2, performs 

error correction on the first check code according to an indication of the check error 

correction code Code2, and outputs an error-corrected first check code ABusParity<7:0> 

(also 8 bits). 

[ 0067] In the embodiments of the disclosure, the first data is error-corrected to generate 

the second data, and the full check value is also corrected according to whether the first 

data is correct, so as to correct the second check code, thereby ensuring the accuracy of the 

second check code. In addition, in the embodiments of the disclosure, the first check code 

is further checked, and when the first check code has an error, error correction is performed 

on the first check code and the full check value, thereby further ensuring the accuracy of 

the second check code. 

[ 0068] Therefore, the embodiments of the disclosure can improve the accuracy of the 

second check code. Moreover, due to the use of the existing On Die ECC circuit of the 

memory, the circuit structure and the signal connection do not increase a large burden. 

Compared with the fact in the related art that a generation circuit of a second check code 

needs to be set in each data receiving terminal connected to a memory, the embodiments of 

the disclosure can greatly save the total number of circuit elements and the layout area of 

the memory and each data receiving terminal. 

[ 0069] FIG. 3 is a schematic diagram of a full check value generation unit 121 shown in 

FIG. 2 according to an embodiment of the disclosure. 

[ 0070] Referring to FIG. 3, in one embodiment, the full check value generation unit 121 

may include: 

[ 0071] a full check value calculation unit 1211, configured to receive the first data 

Data<127:0> and the first check code Parity<7:0>, and generate an initial full check value 

Nparity<8> according to the first data Data<127:0> and the first check code Parity<7:0>; 

and 

[ 0072] a full check value error correction unit 1212, connected to the full check value 

Parity<8> calculation unit and the error correction code generation unit 111, and 
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configured to perform error correction on the initial full check value Nparity<8> according 

to the data error correction code Code1 or the check code error correction code Code2, and 

output the full check value Parity<8>. 

[ 0073] The initial full check value Nparity<8> may be obtained, for example, by 

performing XOR operation on each bit of the first data Data<127:0> and each bit of the 

first check code Parity<7:0>. 

[ 0074] In one embodiment, the full check value error correction unit 1212 is configured 

to, after receiving the data error correction code Code1 and the check error correction code 

Code2, invert the initial full check value Nparity<8> to generate the full check value 

Parity<8>. 

[ 0075] The working logic of the data error correction circuit corresponding to the 

embodiment shown in FIG. 3 is, for example, described as below. 

[ 0076] If the error correction code generation unit 111 determines that the first data 

Data<127:0> and the first check code Parity<7:0> do not have an error, the error correction 

code generation unit 111 outputs values of Code1 and Code2 indicating that the data and 

the check code are correct, and the check code error correction unit 122 does not perform 

error correction on the first check code Parity<7:0> and directly outputs the first check 

code as an error-corrected first check code ABusParity<7:0> (i.e., low 8 bits of the second 

check code). After receiving the values of the data error correction code Code1 and the 

check error correction code Code2 indicating that the data and the check code are correct, 

the full check value error correction unit 1212 does not perform error correction on the full 

check value, and directly outputs the initial full check value NParity<8> calculated by the 

full check value calculation unit 1211 as the full check code Parity<8>. The error-corrected 

first check code ABusParity<7:0> and the Parity<8> constitute the second check code 

ABusParity<8:0>. The data error correction unit 112 directly outputs the first data 

Data<127:0> as the second data Abus<127:0>. The sending timing of the data error 

correction module 11 and the check code generation module 12 is controlled, so that the 

second check code ABusParity<8:0> and the second data ABus<127:0> are sent through 

an output port. 

[ 0077] If the error correction code generation unit 111 determines that the first data 
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Data<127:0> has an error, the check code error correction unit 122 receives the check error 

correction code Code2 indicating that the first check code is correct, and does not perform 

error correction on the first check code Parity<7:0> and directly outputs the first check 

code Parity<7:0> as an error-corrected first check code ABusParity<7:0> (i.e., low 8 bits 

of the second check code). The full check value error correction unit 1212 inverts, 

according to the data error correction code Code1 indicating that the data has an error, the 

initial full check value NParity<8> calculated by the full check value calculation unit 1211 

and then outputs same as the Parity<8> (i.e., a highest bit of the second check code). The 

error-corrected first check code ABusParity<7:0> and the Parity<8> constitute the second 

check code ABusParity<8:0>. The data error correction unit 112 performs error correction 

on the first data Data<127:0> according to the data error correction code Code1 indicating 

that the data has an error, and then outputs the second data Abus<127:0>. The sending 

timing of the data error correction module 11 and the check code generation module 12 is 

controlled, so that the second check code ABusParity<8:0> and the second data 

ABus<127:0> are simultaneously sent through the output port. 

[ 0078] If the error correction code generation unit 111 determines that the first check 

code Parity<7:0> has an error, the check code error correction unit 122 receives the check 

error correction code Code2 indicating that the first check code is correct, and performs 

error correction on the first check code Parity<7:0> and then outputs an error-corrected 

first check code ABusParity<7:0> (i.e., low 8 bits of the second check code). The full 

check value error correction unit 1212 inverts, according to the check error correction code 

Code2 indicating that the first check code is correct, the initial full check value NParity<8> 

calculated by the full check value calculation unit 1211 and then outputs same as the 

Parity<8> (i.e., the highest bit of the second check code). The error-corrected first check 

code ABusParity<7:0> and the Parity<8> constitute the second check code 

ABusParity<8:0>. The data error correction unit 112 does not perform error correction on 

the first data Data<127:0> according to the data error correction code Code1 indicating 

that the data is correct, and directly outputs the first data as the second data Abus<127:0>. 

The sending timing of the data error correction module 11 and the check code generation 

module 12 is controlled, so that the second check code ABusParity<8:0> and the second 

data ABus<127:0> are simultaneously sent through the output port. 
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[ 0079] FIG. 4 is a schematic diagram of a memory according to an embodiment of the 

disclosure. 

[ 0080] Referring to FIG. 4, the memory 400 may include: 

[ 0081] a data error correction circuit according to the above embodiments; 

[ 0082] a first output terminal OUT1, configured to output second data Data2; and 

[ 0083] a second output terminal OUT2, configured to output a second check code 

Parity2 corresponding to the second data Data2. 

[ 0084] The memory shown in FIG. 4 has the function of directly outputting a second 

check code including a full check code of the second data. There is no need to additionally 

provide a full check code generation module in a data receiving terminal, and the data 

receiving terminal is allowed to directly perform check and error correction on the second 

data according to the second check code, thereby greatly reducing the technical 

requirements and power consumption of the data receiving terminal. When multiple data 

receiving terminals are connected, the area and power consumption of the whole circuit are 

greatly reduced. 

[ 0085] FIG. 5 is a schematic diagram of an integrated memory apparatus using the 

memory shown in FIG. 4. 

[ 0086] Referring to FIG. 5, the integrated memory apparatus 500 may include: 

[ 0087] the memory 400; and 

[ 0088] a controller 51, connected to the memory 400, and configured to receive second 

data Data2 and a second check code Parity2, and perform check and error correction on the 

second data Data2 according to the second check code Parity2. 

[ 0089] In one embodiment, the controller 51 may determine, according to the second 

check code Parity2, whether there is a multi-bit error in the second data Data2. 

[ 0090] In the integrated memory apparatus shown in FIG. 5, there is no need to provide 

a full check value generation circuit in the controller 51, and the controller 51 may directly 
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perform check and error correction on the second data according to the second check value 

including the full check value. Thus, the controller 51 has a smaller circuit area and lower 

power consumption. 

[ 0091] FIG. 6 is a flowchart of a data transmission method according to an embodiment 

of the disclosure. The method shown in FIG. 6 may be performed by the memory 400 

shown in FIG. 5. 

[ 0092] Referring to FIG. 6, the data transmission method 600 may include following 

operations S1 to S4. 

[ 0093] In S1, first data to be transmitted and a first check code corresponding to the first 

data are acquired. 

[ 0094] In S2, error correction is performed on the first data according to the first check 

code and the first data to generate second data. 

[ 0095] In S3, a second check code is generated according to the first data and the first 

check code. 

[ 0096] In S4, the second data and the second check code are simultaneously outputted 

to a controller, to enable the controller to perform check and error correction on the second 

data according to the second check code. 

[ 0097] In conjunction with FIG. 1 and FIG. 2, operation S1 shown in FIG. 6 may be 

performed jointly by the data error correction module 11 and the check code generation 

module 12, operation S2 is performed by the data error correction module 11, operation S3 

is performed by the check code generation module 12, and operation S4 is performed 

jointly by the data error correction module 11 and the check code generation module 12. 

[ 0098] The first check code corresponding to the first data is, for example, an ECC 

check code, and the second check code is formed according to the first data and the ECC 

check code. The second check code is generated directly according to the first data and the 

first check code on the memory, so that the data receiving terminal may directly perform 

error correction on the second data according to the second check code, thereby saving the 

number of circuit elements and the layout area of the data receiving terminal, and 
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improving the compatibility of the memory. 

[ 0099] FIG. 7 is a sub-flowchart of operation S3 according to an embodiment of the 

disclosure. 

[ 00100] Referring to FIG. 7, in one embodiment, operation S3 may include operations 

S31 to S33. 

[ 00101] In S31, XOR operation is performed on each bit of the first data and each bit of 

the first check code to generate an initial full check value. 

[ 00102] In S32, check results of the first data and the first check code are acquired. 

[ 00103] In S33, the second check code is generated according to the check results, the 

first check code and the full check value. 

[ 00104] The embodiment shown in FIG. 7 may be performed by the circuit shown in 

FIG. 3. Operation S31 may be performed by the full check value calculation unit 1211, and 

operation S32 and operation S33 may be performed by the full check value error correction 

unit 1212. 

[ 00105] FIG. 8 is a sub-flowchart of operation S33 shown in FIG. 7 according to an 

embodiment of the disclosure. 

[ 00106] Referring to FIG. 7, in one embodiment, operation S33 may include operations 

S331 to S333. 

[ 00107] In S331, when it is determined, according to the check results, that the first 

check code has an error and the first data does not have an error, error correction is 

performed on the initial full check value to generate a full check value, error correction is 

performed on the first check code, and the second check code is generated according to an 

error-corrected first check code and the full check value. 

[ 00108] In S332, when it is determined, according to the check results, that the first 

check code does not have an error and the first data has an error, error correction is 

performed on the initial full check value to generate a full check value, and the second 

check code is generated according to the first check code and the full check value. 
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[ 00109] In S333, when it is determined, according to the check results, that the first data 

and the first check code both do not have an error, the second check code is generated 

according to the first check code and the initial full check value. 

[ 00110] The performing error correction on the initial full check value to generate the 

full check value includes: inverting the initial full check value to generate the full check 

value. 

[ 00111] In the embodiments shown in FIG. 2 and FIG. 3, the method shown in FIG. 7 

may be described as follows. 

[ 00112] If the first data Data<127:0> and the first check code Parity<7:0> do not have an 

error, the first check code Parity<7:0> is taken as the ABusParity<7:0> (i.e., low 8 bits of 

the second check code), and the calculated initial full check value NParity<8> is taken as 

the full check code Parity<8>. The ABusParity<7:0> and the Parity<8> constitute the 

second check code ABusParity<8:0>. The first data Data<127:0> is sent directly as the 

second data Abus<127:0>, and the second check code ABusParity<8:0> and the second 

data ABus<127:0> are simultaneously sent through the output port. 

[ 00113] If the first data Data<127:0> has an error, the first check code Parity<7:0> is 

taken as the ABusParity<7:0> (i.e., low 8 bits of the second check code), and the calculated 

initial full check value NParity<8> is inverted to act as the full check code Parity<8>. The 

ABusParity<7:0> and the Parity<8> constitute the second check code ABusParity<8:0>. 

After error correction is performed on the first data Data<127:0>, the second data 

Abus<127:0> is sent, and then the second check code ABusParity<8:0> and the second 

data ABus<127:0> are sent through the output port. 

[ 00114] If the first check code Parity<7:0> has an error, the first check code Parity<7:0> 

is error-corrected by the full check value error correction unit 1212 to act as the 

ABusParity<7:0> (i.e., low 8 bits of the second check code), and the calculated initial full 

check value NParity<8> is inverted to act as the full check code Parity<8>. The 

ABusParity<7:0> and the Parity<8> constitute the second check code ABusParity<8:0>. 

The first data Data<127:0> is sent directly as the second data Abus<127:0>, and then the 

second check code ABusParity<8:0> and the second data ABus<127:0> are sent through 

the output port. 
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[ 00115] In addition to generating the full check value, and then directly performing error 

correction on the full check value according to the data error correction code and the check 

error correction code, error correction can be performed first, and then the full check value 

is generated according to correct data after error correction. 

[ 00116] FIG. 9 is a sub-flowchart of operation S3 according to another embodiment of 

the disclosure. 

[ 00117] Referring to FIG. 9, in another embodiment, operation S3 may include 

operations S91 to S94. 

[ 00118] In S91, check results of the first data and the first check code are acquired. 

[ 00119] In S92, when it is determined, according to the check results, that the first data 

and the first check code both do not have an error, XOR operation is performed on each bit 

of the first data and each bit of the first check code to determine a full check value, and the 

second check code is generated according to the full check value and the first check code. 

[ 00120] In S93, when it is determined, according to the check results, that only the first 

data has an error, XOR operation is performed on each bit of the second data and each bit 

of the first check code to determine a full check value; and the second check code is 

generated according to the full check value and the first check code. 

[ 00121] In S94, when it is determined, according to the check results, that only the first 

check code has an error, XOR operation is performed on each bit of the first data and each 

bit of an error-corrected first check code to determine a full check value, and the second 

check code is generated according to the full check value and the error-corrected first 

check code. 

[ 00122] The embodiment shown in FIG. 9 may be applied to a situation where the first 

check code is another type of check code which is a non-ECC check code, which has a 

more accurate processing result. 

[ 00123] In the embodiment shown in FIG. 9, if only the first data has an error, then the 

full check value is generated directly using second data after error correction, which 

requires that the error correction to the first data is completed before generating the second 
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check value. If only the first check code has an error, the first check code needs to be error-

corrected first, and then the full check value is generated, which requires that the error 

correction to the first check code is completed before generating the full check value. 

When the first check code is an ECC check code, the embodiment shown in FIG. 7 can 

more quickly generate the full check value compared with the embodiment shown in FIG. 

9. Moreover, according to the generation principle of the ECC check code, the full check 

value is corrected by the simple action of inversion, without waiting for error correction on 

the first data and the first check value. The error correction can be performed in parallel 

with the process of generating the full check value, and the data processing speed is faster. 

[ 00124] In conclusion, according to the data processing method provided by the 

embodiments of the disclosure, while error correction is performed on the first data, the 

second check code is directly generated according to the first data and the first check code 

and then outputted, so that the data receiving terminal can directly perform, according to 

the second check code, check and error correction on the second data finally outputted by 

the memory, thereby reducing function requirements for the data receiving terminal, 

reducing the number of elements and the layout area of the data receiving terminal, and 

improving compatibility of the memory. 

[ 00125] Persons skilled in the art can easily figure out other implementation solutions of 

the disclosure after considering the description and practicing the invention disclosed here. 

This application is intended to cover any variations, functions, or adaptive changes of the 

disclosure. These variations, functions, or adaptive changes comply with general principles 

of the disclosure, and include common general knowledge or common technical means in 

the technical field that are not disclosed in the disclosure. The description and 

embodiments are merely considered to be exemplary, and the actual scope and concept of 

the disclosure are pointed out in the claims. 

 

INDUSTRIAL APPLICABILITY 

[ 00126] In the embodiments of the disclosure, generation of the second check code is 

completed in the data error correction circuit of the memory, and the second data after error 

correction and the second check code corresponding to the second data are directly 
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outputted, so that a data receiving terminal can directly perform check and error correction 

on the second data according to the second check code, thereby reducing the tedious 

procedure in the related art of generating a check code again in the data receiving terminal 

according to the received data and check code, reducing function requirements for the data 

receiving terminal, reducing the number of elements and the layout area of the data 

receiving terminal, and improving compatibility of the memory.  
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CLAIMS 

 

1. A data error correction circuit, provided in a memory, the data error correction circuit 

comprising: 

a data error correction module, configured to receive first data and a first check 

code corresponding to the first data, perform error correction on the first data according 

to the first check code to generate second data, and output the second data; and 

a check code generation module, configured to receive the first data and the first 

check code, generate a second check code according to the first data and the first check 

code, and output the second check code; 

wherein the data error correction module comprises: 

an error correction code generation unit, configured to receive the first data and 

the first check code and generate a data error correction code and a check error 

correction code according to the first data and the first check code; and 

a data error correction unit, connected to the error correction code generation 

unit, and configured to receive the first data and the data error correction code, and 

perform error correction on the first data according to the data error correction code to 

generate and output the second data; 

wherein the check code generation module comprises: 

a full check value generation unit, connected to the error correction code 

generation unit, and configured to receive the first data and the first check code, and 

generate a full check value according to the first data, the first check code and the data 

error correction code, or generate the full check value according to the first data, the 
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first check code and the check error correction code, wherein the second check code 

comprises the full check value. 

 

2. The data error correction circuit of claim 1, wherein the full check value generation 

unit comprises: 

a full check value calculation unit, configured to receive the first data and the 

first check code, and generate an initial full check value according to the first data and 

the first check code; and 

a full check value error correction unit, connected to the full check value 

calculation unit and the error correction code generation unit, and configured to perform 

error correction on the initial full check value according to the data error correction 

code or the check code error correction code, and output the full check value. 

 

3. The data error correction circuit of claim 2, wherein the full check value error 

correction unit is configured to, after receiving the data error correction code or the 

check error correction code, invert the initial full check value to generate the full check 

value. 

 

4. The data error correction circuit of claim 2 or 3, wherein the initial full check value 

is obtained by performing XOR operation on each bit of the first data and each bit of 

the first check code. 

 

5. The data error correction circuit of any one of claims 1 to 3, wherein the check code 

generation module comprises: 
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a check code error correction unit, connected to the error correction code 

generation unit, and configured to receive the first check code, and perform error 

correction on the first check code according to the check error correction code, wherein 

the second check code comprises an error-corrected first check code. 

 

6. The data error correction circuit of claim 5, wherein a highest bit of the second check 

code is the full check value, and the error-corrected first check code forms remaining 

bits of the second check code. 

 

7. The data error correction circuit of any one of claims 1 to 6, wherein the first check 

code comprises 8-bit data. 

 

8. A memory, comprising: 

the data error correction circuit of any one of claims 1 to 7; 

a first output terminal, configured to output second data; and 

a second output terminal, configured to output a second check code 

corresponding to the second data. 

 

9. An integrated memory apparatus, comprising: 

the memory according to claim 8; and 

a controller, connected to the memory, and configured to receive second data 

and a second check code, and perform check and error correction on the second data 

according to the second check code. 
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10. The integrated memory apparatus of claim 9, wherein the controller determines, 

according to the second check code, whether there is a multi-bit error in the second data. 

 

11. A data transmission method, executed by the memory of claim 8, comprising: 

acquiring first data to be transmitted and a first check code corresponding to the 

first data; 

performing error correction on the first data according to the first check code 

and the first data to generate second data; 

generating a second check code according to the first data and the first check 

code; and 

simultaneously outputting the second data and the second check code to a 

controller, to enable the controller to perform check and error correction on the second 

data according to the second check code. 

 

12. The data transmission method of claim 11, wherein generating the second check 

code according to the first data and the first check code comprises: 

performing XOR operation on each bit of the first data and each bit of the first 

check code to generate an initial full check value; 

acquiring check results of the first data and the first check code; and 

generating the second check code according to the check results, the first check 

code and the full check value. 
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13. The data transmission method of claim 12, wherein generating the second check 

code according to the check results, the first check code and the full check value 

comprises: 

when it is determined, according to the check results, that the first check code 

has an error and the first data does not have an error, performing error correction on the 

initial full check value to generate a full check value, and performing error correction 

on the first check code; and 

generating the second check code according to an error-corrected first check 

code and the full check value. 

 

14. The data transmission method of claim 12, wherein generating the second check 

code according to the check results, the first check code and the full check value 

comprises: 

when it is determined, according to the check results, that the first check code 

does not have an error and the first data has an error, performing error correction on the 

initial full check value to generate a full check value; and 

generating the second check code according to the first check code and the full 

check value. 

 

15. The data transmission method of claim 12, wherein generating the second check 

code according to the check results, the first check code and the full check value 

comprises: 

when it is determined, according to the check results, that the first data and the 

first check code both do not have an error, generating the second check code according 

to the first check code and the initial full check value. 
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16. The data transmission method of claim 13 or 14, wherein performing error 

correction on the initial full check value to generate the full check value comprises: 

inverting the initial full check value to generate the full check value. 

 

17. The data transmission method of claim 11, wherein generating the second check 

code according to the first data and the first check code comprises: 

acquiring check results of the first data and the first check code; and 

when it is determined, according to the check results, that the first data and the 

first check code both do not have an error, performing XOR operation on each bit of 

the first data and each bit of the first check code to determine a full check value, and 

generating the second check code according to the full check value and the first check 

code; 

when it is determined, according to the check results, that only the first data has 

an error, performing XOR operation on each bit of the second data and each bit of the 

first check code to determine a full check value, and generating the second check code 

according to the full check value and the first check code; and 

when it is determined, according to the check results, that only the first check 

code has an error, performing XOR operation on each bit of the first data and each bit 

of an error-corrected first check code to determine a full check value, and generating 

the second check code according to the full check value and the error-corrected first 

check code. 

 


