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Flash Memory Properties 

 Faster access performance
 Lower power consumption
 Smaller size
 Lighter weight
 Shock resistance
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2D (Planar) Flash Memory 

 Floating Gate (FG)

3

The number of electrons
on the floating gate
affects the threshold
voltage of the cell.



SLC & MLC

 Both SLC and MLC use the threshold voltage to 
manipulate the state of the flash
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2D Flash  3D Flash

 Process Improvement

5



2D Flash  3D Flash

 Process Improvement
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2D Flash  3D Flash

 Floating Gate (2D)  Charge-Trap (3D)
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3D Flash Memory
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Thermal is a critical issue for 3D flash
 The variation of IBL waveform is strongly activated 

by the temperature [1-2]. 
 High temperature introduces charge loss and worse 

retention behavior.
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TempLoad: A Temperature-Aware Data 
Allocation Strategy for 3D Flash Memory
 TempLoad allocates physical space based on the 

temperature status.
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 TempLoad does not require prior knowledge of 
temperature.

 TempLoad does not need to maintain the 
temperature status of each physical block.

 Objective: reduce peak temperature and enhance 
data integrity 



System Architecture of TempLoad
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Reliability and Thermal Models
 We use lifetime reliability (LR) or instantaneous

mean time to failure (MTTF) to model the impact on
flash temperature [3].

 The temperature differences can be modelled as 
[4-5]
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Block Selection with Temperature Mining

 Using this multiple-level quad tree, TempLoad only
needs to compare the temperatures of a fixed
number of sampling points at each stage.
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Data Allocation with Set-Associative Block

 Solve the large-capacity block issue in 3D flash.
 Reduce the unnecessary garbage collection.
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Evaluation
 TempLoad was implemented on the built-in NAND 

flash memory driver in Linux kernel 4.0.2.
 3D-CBM [6] is selected as the baseline scheme.
 A 256Gb NAND flash memory is configured based 

on the specifications of a 3D flash memory test chip 
PF29F32B2ALCMG2 from Intel.
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Peak and Average Temperature

 The thermal image for standard benchmarks Financial 
(Figures (a) and (b)) and onlineGames (Figures (c) and (d)).

16



Peak and Average Temperature
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Data Integrity

18



Response Time & Block Erase Counts
 Response time

 Block erase counts
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Conclusion

 We present TempLoad, the first system-level
temperature-aware data allocation strategy for 3D
charge-trap flash memory.

 TempLoad allocates critical data to relatively low
temperature physical blocks and improves the
physical space utilization ratio.

 Experimental results show that TempLoad can
significantly reduce the peak temperature and
effectively enhance the data integrity
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Thank you! 
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