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1. Introduction 
 

Flash memory is an electronic non-volatile storage that can be programmed and erased electrically. There 

are two types of flash memories which are applied by the majority of flash market, SLC and MLC. 

 

The main difference between SLC and MLC is its densities, SLC can store 1 bit of data per cell while MLC can 

store 2 bits of data per cell. SLC was the very first flash memory ever developed, its advantage includes 

excellent product reliability, better read/write performances, stronger error bits handling methodology and 

higher endurance cycles to ensure its lifespan, and it is the best choice for mission critical and industrial 

applications. MLC, however, has become the mainstream in the flash market due to its high density and low 

costs. 

 

Since MLC flash memory is able to store 2 bits of data per cell, its density can surpass SLC by twice the value 

(typically), although the endurance cycles are far less (3,000 cycles) than SLC (100,000 cycles) and concerns 

for reliability remains, it is still highly acceptable by commercial and enterprise users with less heavy-loaded 

applications. The popularity of MLC is based on its price; MLC flash manufacturers had foreseen the trend 

and start producing large densities at better cost-efficiency which brings the price down to only 1/3 ~ 1/5 of 

SLC pricing. However, as the manufacturing process goes into 1x nm, higher error correcting methodologies 

must be applied in order to extend its reliability. In respect of market demands, APRO is now releasing a new 

aSLC technology as a new flash option which increases its endurance and performance to higher than MLC, 

and decreases its cost to lower than SLC. 

 

aSLC is a breakthrough of APRO products, APRO applies firmware configuration to force MLC flash to act like 

SLC. Instead of storing 2 bits of data, aSLC will only store 1 bit of data per cell, this action significantly 

mitigates errors from occurring and can both extend endurance cycle and performances. 
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2. Operation of aSLC 
 

NAND Flash memory stores data in an array of memory cells made from floating-gate transistors. Insulated 

by an oxide layer are two gates, the Control Gate and the Floating Gate. Electrons flow freely between the 

Control Gate and the Channel when a voltage is applied to either entity, attracted in the direction to which 

the voltage is applied. 

 

To program a cell, a voltage is applied at the Control Gate, attracting electrons upwards. The floating gate, 

which is electrically isolated by an insulating layer, traps electrons as they pass through on their way to the 

Control Gate. To erase a cell, a voltage is applied at the opposite side while the Control Gate is grounded, 

attracting electrons away from the floating gate and into the Channel. The precise amount of current 

required to complete the circuit determines the state of the cell. All of this electrical activity effectively 

wears out the physical structure of the cell over time. 

 

 
Figure-1. Programming procedure of NAND cell 

 

Below Figure-2 illustrates a single SLC cell after electric current is given, when host power supplies typical 

3.3V or 5V to storage, its controller will self-adjust inputted voltage and transits electric current in order for 

cell to determine 0 or 1 should be stored via different amount of charges. 

 

 
Figure-2. Data storing operation of SLC single cell 
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For MLC, there are four states of data storing, with more bits of data comes with more chance for error to 

occur, thus, MLC requires higher ECC capabilities to ensure data integrity. Below Figure-3 illustrates a single  

MLC cell after electric current is given, when host power supplies typical 3.3V or 5V to storage, its controller 

will self-adjust inputted voltage and transits electric current in order for cell to determine 01, 00, 10 or 11 

should be stored via different amount of charges. 

 

 

Figure-3. Data storing operation of MLC single cell 

 

aSLC is controlled by firmware and force it to store only 1 bit of data per cell, this configuration indirectly 

provides more spare space for Wear-Leveling algorithms and extended its lifespan due to less data stored. 

Below Figure-4 illustrates a single aSLC cell after electric current is given, when host power supplies typical 

3.3V or 5V to storage, its controller will self-adjust inputted voltage and transits electric current in order for 

cell to determine 0 or 1 should be stored via different amount of charges.  

 

 

Figure-4. Data storing operation of aSLC single cell 
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3. Enhancements 
aSLC is enhanced in various ways, including performance, P/E cycles and lifespan,. 

 

3.1. Performance 
With less bit of data stored, controller can process programming commands with more efficiency. Even 

though the nature of aSLC is based on MLC flash, aSLC is able to reach 80% ~ 85% of SLC’s writing speed 

while the actual MLC flash is less than 50%. 

 

3.2.  Program / Erase Cycles 
The characteristics of NAND flash is “Erase then Write”, whenever new data is being programmed, flash 

must be erased once before it can store new data again, this procedure is considered as 1 P/E cycle. aSLC 

conquers its congenital disadvantage of low P/E cycles with APRO’s new firmware and built-in Wear-Leveling 

algorithms, it is now able to reach 20,000 P/E cycles. 

 

3.3. Lifespan 
With aSLC technology, flash can now endure more programming operations and also extends its lifespan; If 

SLC’s lifespan is 10 years, aSLC can easily reach 3~4 years while the actual MLC flash’s lifespan is less than 1 

year. 

 
3.4. Overall Conclusions 
 

Flash Type Performance P/E Cycles Endurance Lifespan Price 

SLC ★★★★★ ★★★★★ ★★★★★ ★★★★★ ★☆☆☆☆ 

aSLC ★★★★☆ ★★★☆☆ ★★★★☆ ★★★★☆ ★★★☆☆ 

MLC ★★★☆☆ ★☆☆☆☆ ★★☆☆☆ ★★☆☆☆ ★★★★★ 

Table-1. Comparison of SLC, aSLC and MLC 
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