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ECC Code Generation

ECC code consists with 3byte per 256bytes

- Actually 22bit ECC code per 2048bits
- 22bit ECC code = 16bit line parity + 6bit column parity

Data bit assignment table with ECC code

Fail bit address offset
=> (P1024,P512,P256,P128,P64,P32,P16,P8,P4,P2,P1)

Product Planning &
Application Eng. Team

The Leader in Memory Technology

/0 7 /O 6 /0 1 /00
D(00000000,111) | D(00000000,110) D(00000000,001) | D(00000000,000)
D(00000001,111) | D(00000001,110) D(00000001,001) | D(00000001,000)
D(00000010,111) | D(00000010,110) | ® ® e e D(00000010,001) | D(00000010,000)
D(11111110,111) | D(11111110,110) D(11111110,001) | D(11111110,000)
D(11111111,111) | D(11111111,110) D(11111111,001) | D(11111111,000)

ECC code assignment table

P64 | P64° | P32 | P32 | P16 | P16 | P8 | P8 || P1 ~ P4: Column parity
P1024/P1024] P512 | P512'| P256 | P256°| P128 |P128°

P4 | P4 | P2 | P22 | P1 | P1 | 1 1

(Finsungg

1st Byte
2nd Byte
3rd Byte

255th Byte
256th Byte
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ECC Code Generation Example

Parity Generation ( In case of 8bit input)

D7 D6 D5 D4]|D3 D2 D1 Do| [P4|[pPa

D7 D6| [D5 D4] [D3 D2| D1 DO| [P2|[P2

p7| (pe] [D5) [D4] (D3] (D2 [p1] [DO] [P [Pr

P4=D7(+)D6(+)D5(+)D4 P4 =D3(+)D2(+)D1(+)D0O * (+) means XOR (Even parity)
P2=D7(+)D6(+)D3(+)D2 P2 =D5(+)D4(+)D1(+)D0
P1=D7(+)D5(+)D3(+)D1 P1=D6(+)D4(+)D2(+)D0

For example (In case of 1 bit fail )

Originaldata:10101010  P4=1(+)0(+)1(+)0=0, P4 =1(+)0(+)1(+)0=0
P2=1(+)0(+)1(+)0=0, P2'=1(+)0(+)1(+)0=0
l P1=1(+)1(+)1(+)1=0, P1'=0(+)0(+)0(+)0=0

Changeddata:10111010 P4=1(+)0(+)1(+)1=1, P4 =1(+)0(+)1(+)0=0
P2=1(+)0(+)1(+)0=0, P2'=1(+)1(+)1(+)0=1
P1=1(+)1(+)1(+)1=0, P1'=0(+)1(+)0(+)0=1

In here, fail bit location is column address offset (P4,P2,P1=100=1/04)
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ECC Code Generation Method (1)

Parity Generation ( In case of 256 byte input)

istbyte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bito | (P8 o16
ond byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bito | (P8 1o
T P32 \
3rdbyte | bit7| bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito | (P8 o1 P1024
4th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bit0 | [P8
° L ® L ® L L ® L hd
® ° ] ) ) e o ° ® L] J—
[ ]

253th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bit0 P8 P16
P32, **°

254th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito | P8
255th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito | (P8S ] P16]
256th byte | bit7 | bit6 | bit5 | bitd | bit3 | bit2 | bitl | bit0 \ )

'p1| [p1] [P1] P2 [P1] P2 [P1| [P1]
P2 | [ P2 || P2 || P2
| P4 | P4 |

P1024

P1=bit7(+)bit5(+)bit3(+)bit1(+)P1
P2=bit7(+)bit6(+)bit3(+)bit2(+)P2
P4=bit7(+)bit6(+)bit5(+)bit4(+)P4
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ECC Code Generation Method (2)

Parity Generation ( In case of 256 byte input)

1st byte bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito o1
ondbyte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bit0

P32" -=-- .
3rd byte bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bito | P8} P16 P1024
4thbyte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito | (P8

Py ° ] ° ° ] ° ° . b

Y L ® e ® ® ° ® ® L M

° ° ° ° ) . ) ° ° e

253th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito LES}{
254th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bito | (P8
255th byte | bit7 | bit6 | bits | bit4 | bit3 | bit2 | bit1 | bito | [P8!
256th byte | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito | (P8

P1 P1 (Pl |PL P1 P1] Pl [P
P2 J L P2 [ P2 || P2 |
| P4 | P4’ |

— P32 *°°*° P1024

P8 = bit7(+)bit6(+)bit5(+)bit4(+)bit3(+)bit2(+)bit1(+)bitO(+) P8

Product Paming & The Leader in Memory Technology @

ELECTRONICS



Error Detection Method

Error Detection Sequence

ECC code generation and write
during program operation ECC code in the flash memory (22bit)
. PIPLLTIILLLT  eom
New ECC code generation
during read data area New generated ECC code during read
XOR original ECC code with
new generated ECC code

22bitdata =0 (No Error)
llbitdata=1 (Correctable error)
1lbitdata=1 (ECC error)

If results are N
all zero ?

Yes

No error Error detected
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Error Detect Result

No Error
- The result of XOR : all ECC code is 0

Correctable Error
- The result of XOR : total 11bits are '1°
- When main area has 1 bit error, each parity pair (ex. P8 & P8 )has 1& 0or 0& 1

ECC Error
- The result of XOR : only 1bitis 1
- When ECC area has an error, call it ECC error

Uncorrectable Error
- The result of XOR : random data
- When the flash memory has more than 2 bits error, data couldn’t be corrected
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ECC Algorithm Example

Original Data :010203040506070809.... ECC code : 01000011 001
Changed Data : 01 0203040507 070809.... ECC code : 01000110 001
ECC code : 00000101 000 (5h Oh)
= Fail bit is 6th byte 1st bit
P1024P1024] P512| P512'| P256| P256] P128 [P128| P64 | P64’ | P32 P32 | P16 | P16 P8 | P8 | P4 | P4 | P2 | P22 | P1 | PI
OriginalECC | O 0 1 1 0 010 0 0 0 0 0 1 1 1 1 0 0 0 0 1 1
New ECC 0 1 1 0 0 110 1 0 1 1 0 1 0 0 1]0 1 0 1 1 0
Resultof XOR | 0O 1 0 1 0 110 1 0 1 1 0 0 1 1 010 1 0 1 0 1

- The result data of XOR means correctable error

- Because we know fail byte & bit address, can make it with correct data.
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