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Agenda 

● Overview 
● SSD Architecture: Introduce the main blocks 
● How SSD memory cells work 
● Why solid state drives fail 
● How memory controllers manage the cells 
● How can SSDs be improved? 



Overview: Why should you use an SSD? 

Solid State Drives remove all non-mechanical action of the 
typical hard drive: 

● Hard Drives read/write ranges between 25 - 300 MB / s 
 

● Solid State read / write operations range between 400-500 
MB/s via SATA, 2-3GB/s via PCIe 
 
 

● Up to 100 times faster! 



Overview: Why shouldn’t you use an SSD? 

● The storage component cannot hold data for > 2 years 
without power 
 

● The drive will eventually “wear out” and become unusable 
after a certain amount of usage 
 

● Higher cost per gigabyte of data storage 



SSD Architecture 

Two main components: 

● Memory Cells 
○ Stores data 

 
● Memory Controller 

○ Manages cells 
○ Manages host interface 

http://www.storagereview.com/images/SSD controller large.png  



How do memory cells work? 



SSD Architecture: Memory Cells 
The basic memory cell is a floating gate MOSFET: 

● Control gate (CG) that acts like the gate on a normal MOSFET 
 

● Floating gate (FG) that is electrically isolated and stores electrons 
○ Electrons on FG raise the threshold voltage: logical 0 
○ No electrons on FG: logical 1 



NAND vs. NOR Memory 

The two main types of flash memory are NAND and NOR 

● Different organizations of cells 
 

● NAND is typically used on SSDs as it is much denser 
 

● NAND is also much slower to read than NOR 



NAND Architecture 

Groups of cells connected in series between 
bitline and ground 

● Typically organized in blocks of 2KB pages 
 

● Read and program performed at page level 
 

● Erase performed at block level 



NOR Architecture 

Cells connected in parallel 

● Each cell connected directly to bitline and ground 
 

● Typically organized in blocks of 16 bit words 
 

● Read and program performed at word level (random access) 
 

● Erase performed at block level 



Multi-Level Cells (MLC) 
Typical NAND cell stores 1 bit of information 

● Change in threshold voltage used to determine whether current flows 

MLC typically refers to storing 2 bits of information per cell 

● Change in threshold voltage used to determine how much current flows 

Triple Level Cells (TLC) similarly store 3 bits of information per cell 

More bits per cell increases storage density and reduces cost, but degrades longevity 



Why do Solid State Drives fail? 



Why do they fail? 

NAND Flash Memory Cells have a limited number of Program 
and Erase Cycles: 

● SLC: ~100,000 P/E Cycles 
● MLC: ~3,000 to 10,000 P/E Cycles 
● TLC: ~300 - 3,000 P/E Cycles 

P/E Cycles occur whenever data is written to the drive 

 
http://h20195.www2.hp.com/v2/getpdf.aspx/4AA5-7601ENW.pdf  

http://h20195.www2.hp.com/v2/getpdf.aspx/4AA5-7601ENW.pdf


Why do they fail? 

“Fine, I’ll just write 
  to it one time” 



Why do they fail? 

Reading from an SSD can wear out the drive too: 

● Reading the same block consecutively will slowly reprogram 
adjacent blocks 
○ Referred to as a “read disturb” 

 
● These disturbed cells need to be fixed, or risk becoming 

corrupted 



What does the Memory Controller 
do? 



SSD Architecture: Memory Controller 

The memory controller is responsible for several functions: 

● Handles Read & Write interface with memory cells 
● Bad Block management 
● Error detection 
● Read scrubbing / refreshing 
● Wear leveling 
● (And much more!) 



SSD Architecture: Memory Controller 

Handling read & writes 

● Allows for an abstraction between OS memory address & 
NAND memory 
 

● Similar to existing discussed memory devices (page tables & 
memory pages) 



SSD Architecture: Memory Controller 

Managing Bad Blocks: 

● Some sectors “go bad” - immediately corrupting data 
○ Caused by physical damage 
○ Caused by manufacturing imperfections 

 
● These sectors cannot reliably store any data, and must be 

flagged and avoided 



SSD Architecture: Memory Controller 

Error detection & correction: Why use it? 

● Utilized for detecting errors caused by read disturbances 
 

● Can also correct potential errors caused by not being 
powered 



SSD Architecture: Memory Controller 

Read Scrubbing 

● Keeps track of read operations performed 
 

● Scrubs memory cells which are at risk of being disturbed 
○ Read out their current value 
○ Correct any errors 
○ Re-write their value (potentially at a new location) 



SSD Architecture: Memory Controller 

Wear Leveling: 

● Counts how many times a cell has been programmed & 
erased 
○ Prevent high-traffic from hitting one cell 

 
● Evenly distribute Program & Erase Cycles 

○ Must create mapping of operating system addresses to 
hardware addresses 
 



How can Solid State Drives improve? 



Challenges Going Forward 

Three main challenges moving forward: 

1. Increase wear-resistance of Solid State Drives 
 

2. Decrease Cost per Gigabyte of capacity 
 

3. Improve read/write speeds 



Improving wear resistance - Example: 

● Heating NAND Flash memory up to high temperatures 
releases trapped electrons 
○ Increases the number of effective P/E cycles 

 
● Better accessing conditions, such as caching frequently 

requested data 
○ Prevents read disturbances 

Challenges Going Forward 



Improving performance - Example: 

● Having multiple controllers for managing all of the memory 
cells can reduce access times 
 

● Having a better interface (PCIe instead of SATA) can 
improve throughput speed 

Challenges Going Forward 
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