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Introduction 
Flash memory is a non-volatile storage element 

that can be electrically 

programmed/re-programmed and erased. As 

technology continuously advances, the 

demands for greater density and better 

performance with flash memory become large 

as well. Most importantly, flash memory is no 

longer a component that resides only in your 

computer – It could act as a photo album or a 

file cabinet that stores all your personal 

treasures or business portfolios. 

The purpose of this paper is to provide an 

overview on flash technology, specifically on 

NAND flash, a memory technology that has 

been deeply connected to our day-to-day life. 

In addition, we would like to introduce another 

flash member,  EconoSLC(econoSLC/

econoMLC), which delivers better performance 

and endurance – just like the legendary SLC 

flash. 

Types of NAND Flash 
Generally, NAND flash is categorized in three 

types – SLC (single-level cell), MLC (multi-level 

cell) and TLC (Triple-level cell). NAND-makers 

have recently announced the latest flash 

technology – BiCS3 (TLC 3D NAND), also known 

as three-bit per cell, which is the new addition 

to the NAND family. However, it is beyond the 

scope of our topic, and will not be covered in 

the paper. 

Figure 1: Basic Structure of a Memory Cell 

Each cell is consisted of a single transistor and a 

floating gate, which is located between Gate 

and Source/Drain and allows electrons to be 

stored inside, as shown in Figure 1. For SLC 

flash, only one bit could be stored to each cell 

at a time, and there will be two possible states 

for each cell – 0 or 1. As for MLC flash, two bits 

could be stored to each cell at a time and there 

will be four possible states for each cell – 00, 01, 

10 or 11. As for TLC flash, three bits could be 

stored to each cell at a time. Cell state is 

determined by the threshold voltage (Vt) of 

each cell, and the voltage is an interpretation of 

the amount of charges stored inside the 

floating gate, as shown in Figure 2. 



Figure 2: The Differences between NAND Flash 

Memory Types 

Because TLC flash stores 2 more bit at each cell 

than SLC flash does, TLC provides higher 

density and lower bit-cost. Unfortunately, 

nothing comes for free – the trade off for 

cost-saving is greater power consumption and 

poorer endurance, due to more voltage levels 

required and technology limitation. It is 

common to see that SLC flash is used in 

industrial applications, whereas MLC&TLC 

flash is used in commercial applications. 

EconoSLC
EconoSLC is that MLC flash consists of a

number of fast and slow pages, and only fast 

pages will be used for programming when 

using EconoSLC. One can think of EconoSLC as

an extended version of MLC flash. Table 1 and 

Figure 3 explain the concept of EconoSLC: The

first and second bit of a memory cell 

corresponds to a fast and slow page, 

respectively, as shown in Table 1 (Left). Since 

we program fast pages with EconoSLC, only

the bits highlighted in red in Table 1 (Middle) 

will be used. 

Figure 3. Cell Content for MLC (Left), pSLC 

(Middle) and SLC (Right), Respectively 

When the two bit-sets (10 and 00) from MLC 

flash are discarded, the bit data from 

EconoSLC is almost identical to that with SLC

flash. In Figure 4, the threshold voltage ranges 

that correspond to 10 and 00 will be discarded, 

leaving the ones for 11 and 01. Differentiating 

the amount of charges inside the floating gate 

becomes easier, since a more separate cell 

distribution reduces the chance to misjudge the 

threshold voltage for each cell. 

Figure 4. Cell Distribution vs. Threshold 

Voltage for EconoSLC



Advantage(s) 

EconoSLC/ EconoMLC

Advantage(s) Description(s) 

Performance 

enhancement 

● Only fast pages are programmed with EconoSLC flash and

therefore the write performance is improved

● Please refer to “Comparison between Flash types “for details.

Lifespan 

extension 

● Based on our experiments, EconoSLC’s endurance is better than

that of MLC by at least 2X.

● Please refer to "Comparison between Flash types" for details.

Cost-effective 

solution 

● The characteristics of EconoSLC are similar to that of SLC

flash, but EconoSLC is a much more economical solution cost-

wise.

Conclusion(s) 

EconoSLC(EconoSLC/EconoMLC), a part of the MLC family has been proved to provide better

performance and greater endurance by programming only fast pages. Our experiment has shown 

that the read/write performance is improved with EDM’s SSD controllers. Additionally,

endurance of EconoSLC is at least two times greater than that of MLC, which is used by

programming both fast and slow pages. We believe that EconoSLC is the most economical

alternative for NAND flash application. 




