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Memory Devices

DATA

ADRESS

FunctionsFunctions
•• Write DATA to ADRESSWrite DATA to ADRESS

•• Read DATA from ADRESSRead DATA from ADRESS

CharacterizationsCharacterizations
• Density (Capacity/Volume)Density (Capacity/Volume)

•• SpeedSpeed

•• ReliabilityReliability

•• FunctionalityFunctionality

MEMORY



Flash Memory

FlashFlash is a is a NNonon--VVolatile olatile MMemory Technology emory Technology 
(1979)(1979)

NVM

EPROM EEPROM

FLASH

density
functio

nality



Flash Program Principles



Flash Iterative Programming

LOW



Flash Iterative Programming



Flash Iterative Programming
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Flash Iterative Programming



Flash Iterative Programming



Flash Block Erase



Flash Essentials

•• Iterative programmingIterative programming
•• Reliability issuesReliability issues

– Disturbs
– Retention
– Endurance

•• Block eraseBlock erase

Method : Charge placement on Floating GatesMethod : Charge placement on Floating Gates



Multi-Level Flash Cell

22--Level cellLevel cell MultiMulti--Level cellLevel cell

•• Iterative programmingIterative programming
•• Reliability issuesReliability issues

– Disturbs
– Retention
– Endurance

•• Iterative programmingIterative programming
•• Reliability issuesReliability issues

– Disturbs
– Retention
– Endurance

M. Bower, Intel



Flash and ECC

20062006



ErrorsErrors

An Information Theoretic View of MLC Flash

– Disturbs
– Retention
– Endurance

q-level cells Alphabet Q={0,1,Alphabet Q={0,1,……,q,q--1}1}

Move cells in a

Dominant directionDominant direction
To

Proximate levelsProximate levels Limited MagnitudeLimited Magnitude

AsymmetricAsymmetric

qq--aryary



Asymmetric l Limited-Magnitude Errors

A l M

AsymmetricAsymmetric ll--limitedlimited--magnitude error:magnitude error:

AsymmetricAsymmetric ll--limitedlimited--magnitude error magnitude error 
with wrap aroundwith wrap around::



Codes for AlM Errors

Code                       that corrects                  errors

Known Result:  Known Result:  [[AhlswedeAhlswede et.alet.al ’’06]06]

Research Problem:Research Problem:

For each

Optimal                      codes

Trivial construction : code has all the words of          , where       



Analyzing Codes for AlM Errors

AAllMM ““distancedistance”” for code analysis:for code analysis:

For a pair of vectors



Example: Correcting A1M Errors

A1M A1M A1M A1M

Majority Even/OddMajority Even/Odd

--1 for all minority symbols1 for all minority symbols



Construction 1

Given



Construction 1’:                     

Given



If come from different codewords of

Construction 1: Proof

If come from the same codeword of



Construction 1: Perfect Codes

AlM Sphere packing bound is met with =



Construction 1: Decoding

A l M

Channel

+

-Decoder for



Something is Missing

We know

We have

Decoder

But still need

EncoderInformation



Encoding Example

18 information bits

lsb

msb

q = 8 Flash cells with



Symbol Mappings

lsb

msb 0 000 0
1 001 1
2 010 2
3 011 3
6 100 4
7 101 5
4 110 6
5 111 7



Symbol Mappings

•• The same The same codecode can be obtained by different symbol mappingscan be obtained by different symbol mappings

•• Clever Clever mappingsmappings can be used to reduce the Bitcan be used to reduce the Bit--Error Probability Error Probability 

Coding + Mapping = 2Coding + Mapping = 2--phase Error Protection:phase Error Protection:

Error Free

Gradual BER
Degradation



AlM Codes in Memory Devices

1) Encoding of      :

2) Mapping to Qn :

In Memory devicesIn Memory devices

Provides faster reads and updatesProvides faster reads and updates



Systematic AlM Codes 

Works for  Works for  l l =1=1

An A1M error in a parity symbol One bit error for  
Gray



Mappings for Systematic AlM Codes

For  For  ll >1>1

An AlM error in a parity symbol One symbol error for  

+1
+2

2 errors2 errors

Example: 



Mappings for Systematic AlM Codes

At least 2 (for any mapping)

At most 2 (for some mappings):

For general       and      , how many worst-case         symbol errors per an AlM error? 



Mappings for Systematic AlM Codes

Research Problem:Research Problem:

Find high rate (<1) mappings that induce only a single       error



Construction 2

Construction 1

Folding parity symbols

(with r bits extra redundancy)

r

Lengthening code

(when     is linear)
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Programming with Controlled Errors

– Disturbs
– Retention
– Endurance

Uncontrolled AlM Errors (Read Errors)

– Iterative Programming

• Programmed level is a random function of the program pulse

• Programming to exact levels requires many write/read iterations

• Allowing AlM errors speeds up programming or avoids costly erases

• Optimization problem: Budget AlM errors to minimize program time 

(experimental study on Floating Gate Arrays with Georgia Tech.) 

Controlled AlM Errors (Write Errors)



Conclusion

A l M

+
-Decoder 

for

0 000
1 001
2 002
3 012
4 ...



Questions?

A l M

+
-Decoder 

for

0 000
1 001
2 002
3 012
4 ...


