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1 Abstract

The flash translation layer (FTL) is the part of

the firmware of a flash memory device that

translates from the logical addresses of the

host to the physical addresses of the flash.

This document describes the difference be-

tween FTL architectures with block based map-

ping and page based mapping, and the con-

sequent impact on read/write speed and the

write amplification factor (WAF).

2 Basics

The development of NAND flash is closely linked

to the introduction of the digital camera in the

mid-1990s. The first controllers used for flash

management were commercially available 8-

bit types with low processing power and low

RAM. The complexity of the FTL had to be corre-

spondingly low, but this was not a problem for

the application case – the sequential writing of

a few hundred kilobytes per photo. From this

the block-based mapping developed, which

became the industry standard for a long time,

and is can still be found today with SD and CF

cards as well as USB memories.

A NAND flash is made up of blocks. A block

is the smallest erasable unit and consists of

pages. It has a size of 2–20MiB today, depend-

ing on the technology. A page is the smallest

programmable unit and has a typical size of

16 KiB for current flash technologies.

The storage medium is addressed by the host

using the so-called “logical block addressing”

(LBA). The entire address space is divided into

sections of 512 bytes, which are counted start-

ing from zero in ascending order. The host can

thus address a minimum of 512 bytes per read

or write access. This logical block addressing

is not related to the flash blocks.

3 Block based mapping

With block-based mapping, each flash block

contains sequential ascending addresses. The

FTL only has to manage the start address of

each block.

As an example, consider a flash with the

following properties:

Capacity : 16 GiB

Block size: 4MiB

Page size : 16 KiB

This results in the number of flash blocks

and the number of pages per block:

Blocks total :
capacity
block size

= 4096

Pages per block: block size
page size

= 256

The FTL has to manage only 4096 entries in

its table to find the block containing the re-

quested address. Since the addresses within

the block are sequentially ascending, the cor-

rect page can be addressed directly. The size

of the table for 16 GiB claims only about 8 KiB

RAM.

Block based mapping is now considered ob-

solete, as it is only suitable for read-only ap-

plications and sequential writing. For random
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writing, this technique is inappropriate be-

cause changing the content of a single mem-

ory address requires copying the entire block,

since only entire blocks can be deleted: For ex-

ample, if the content of page #123 from block

#444 is modified, pages #0 through #122 are

copied to a new block, then the new content

of page #123 is written to the new block, and

then the pages #124 to #255 are copied to the

new block. Then block #444 is deleted.

Random write access in block based map-

ping is therefore very slow and produces a high

WAF - and thus a high wear-out.

4 Page based mapping

In page based mapping, only the addresses

within a page are sequentially ascending. Ac-

cordingly, the administration effort increases

to 4096blocks ∗ 256pages = 1,048,576 entries.

The administrative effort thus increases signif-

icantly. For random write accesses also the

speed increases and the WAF drops, because

now the unmodified pages of the affected

blocks must be copied no longer.

The page based mapping has not found

much popularity, and is now barely found be-

cause it was quickly replaced by the sub page

based mapping.

5 Sub page based mapping

While a management unit is still an entire page

in the case of page based mapping, the sub

page based mapping typically divides the en-

tire flash into units of 4 KiB. The administrative

effort increases again, but random writes of

the host operating system can be optimally

processed: Common cluster sizes used by file

systems are also 4 KiB in size (or larger). If, for

example, a small data record is attached to a

file, then in a FAT file system often only two

write accesses are necessary:

• The actual write access with the payload

to the end of the file

• The update of the file size in the folder

As mentioned earlier, the smallest program-

ming unit is a page. However, due to the

logical division into 4 KiB sections, both write

accesses can now be stored in a single page,

so that only 50% of the page remain unused

unless further write accesses of the host take

place in a timely manner. The WAF is there-

fore 2. With pure page based mapping, two

pages would have to be programmed for the

two write accesses of the FAT file system ex-

ample; the WAF would be 4. In block based

mapping, the WAF would be 512.

6 Comparison

Sub page based mapping provides fast random

write access with very low WAF. The admin-

istrative effort compared to the block based

mapping is huge. A fast controller with a lot

of RAM is needed. Just holding the manage-

ment table for 16 GiB flash needs at least 12MiB

memory.

Small controllers without external DRAM,

such as those used for SD cards, USB sticks and

CF cards, can no longer hold this amount in

RAM, but instead have to reload the mapping

data from the flash if necessary. As a result,

random read access on these drives is signifi-

cantly slower than with a block based FTL. The

vast majority of applications, however, benefit

from the fast random write access and the ex-

tremely low WAF. For applications with sequen-

tial writes and many random read accesses, it

may be necessary to use an old block based

mapping firmware architecture.

For storage media with SATA or PCIe inter-

face, only high-performance (and expensive)

controllers are used at high flash capacities,

with full management data held in (D)RAM.

7 Summary

Table 1 shows the suitability of the various flash

translation layers for the four access modes.

While block based mapping is now used only

for read-only applications, sub page based
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Table 1: Flash Translation Layer

sequential

read

random

read

sequential

write

random

write

Block based
Performance: ++ ++ ++ --

WAF: +a --

Page based
Performance: ++ +/++b ++ o

WAF: ++ o

Sub page based
Performance: ++ o/++b ++ ++

WAF: ++ ++

a If written sequentially by means of a file system, some random accesses result from updating of the file system

management.
b Only controllers that can hold the management tables in RAM perform very well.

mapping with its adaptation to the file sys-

tem management sizes is the best solution for

almost any application, especially as the low

WAF often allows the use cheaper flash (MLC or

pSLC instead of real SLC).
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