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ABSTRACT 

 

Solid-State Drives (SSDs) are an enabling technology for data recorders.  SSDs can survive 

where Hard-Disk Drives (HDDs) cannot.  SSDs deliver better performance with lower power 

consumption than HDDs. 

 

However, the end of Single-Level Cell (SLC) NAND flash may be near; Multi-Level Cell 

(MLC) NAND flash soon may be the only choice for industrial applications. 

 

System designers have two distinct concerns before implementing SSDs:   

 

1. Cost:  MLC NAND flash makes SSDs as affordable as HDDs 

2. Endurance:  SSDs are reliable and endurance assured with today’s controller technology 

 

SSDs are leading the charge in transforming data storage in several applications, telemetry 

included. 
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INTRODUCTION 

 

In these times of fiscal austerity, there is enormous pressure to economize and reduce project 

budgets. This dynamic is forcing System Architects and Designers to consider lower cost 

alternatives that may compromise reliability or performance.  This paper is targeted at System 

Architects and Designers responsible for developing storage systems for defense and aerospace 

applications demanding the highest possible reliability and performance at an affordable cost.  

 

Solid State Disks (SSDs) are increasingly the storage media of choice due to the ability to endure 

rugged conditions while delivering extreme performance.  High cost per MB of SSDs relative to 

mechanical disk drive alternatives has been an inhibitor to market adoption, but SSD prices have 

been rapidly declining to the point where they are increasingly used in many applications, 

including mission critical ones where failure is not an option. 

 

SSDs based on Multi-Level Cell (MLC) flash media can provide cost improvements over Single 

Level Cell (SLC) flash technology, generally at 30 – 40% of the SLC price.  Until very recently 

MLC flash media SSDs provided very limited write endurance and as a result were considered 

unacceptable for use in defense/aerospace applications. 

 

The good news is that technology exists in the form of advanced flash management techniques 

applied to MLC flash enabling storage system designers to lower cost, increase capacity, 

improve performance and approach the write endurance of SLC flash.  These improvements 

become more important as semiconductor process dimensions rapidly shrink from one 

generation to the next, bit density increases, but other metrics such as write endurance, data 

retention, ECC requirements and even media reliability are all declining. 

 

 

1. SSDS ARE AN ENABLER 

 

Flash memory-based SSDs have been available for more than 15 years.  In their early years, 

SSDs targeted harsh environmental conditions.  However, in the last couple years, SSDs have 

started a revolution in the storage industry.  SSDs now provide more advantages over traditional 

HDDs.  In addition to their ruggedness, SSDs continue to increase in performance with every 

generation and have surpassed the performance of HDDs.  Even with this performance 

advantage, the power to operate an SSD is lower than the power to operate an HDD. 

 

 

1.1 RUGGEDNESS 

 

The ruggedness of SSDs has been its main advantage since its inception.  HDDs have a rotating 

magnetic platter and a heads that fly over the surface to read and write data.  Conversely, SSDs 

have no moving parts.  Therefore, SSDs can survive in more stringent environments than HDDs. 

 

One obvious environmental condition where SSD have an advantage is shock and vibration.  The 

shock specification for SSDs is typically 50g of an 11ms pulse while the vibration specification 

is typically 16.4g rms; both of these specifications are simultaneous with the SSD operating.   
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Another environmental condition is temperature.  MLC-based SSDs are usually available in the 

standard commercial (0 °C to 70 °C) while SLC-based SSDs offer industrial temperature ranges 

(-40 °C to 85 °C).  Over these same temperature ranges typical HDDs will encounter problems 

such as: 

 

• At cold temperatures, the HDD may have trouble starting the spindle motor.  

• At hot temperature, the HDD may experience degradation of the moving and the 

magnetic components. 

 

There are press releases about MLC-based SSDs specified to operate over industrial-temperature 

ranges.  However, temperature has extreme effects on MLC devices (Gary Tressler, 2011).  To 

overcome these effects, much design work needs to be done in the flash controller.  Therefore, 

much testing needs to be done to validate the results.  Before using such devices, the author 

recommends careful analysis of the test results. 

 

If SSD designers worked in conjunction with system designers using SSDs, together they could 

solve the temperature concerns of using MLC flash over industrial temperatures.  Some 

possibilities include using hot and/or cold plates to prevent SSD operation beyond the 

commercial temperature range; in addition, forced air over the SSD could mitigate against 

operation over temperature limits. 

 

1.2 PERFORMANCE 

 

One of the new features of SSDs in recent years is their performance.  Performance can be 

measured in several ways; however, typically, it is defined in terms of MB/s or IOPS.  The MB/s 

measurement expresses how much data the SSD can read or write with sequential, large blocks 

(128KB); this measurement is an important metric for data recorders that need to write large 

amounts of information.  The IOPS measurement expresses how many read or write operations 

the SSD can process in one second usually with random, small block (4KB) transactions; this 

measurement is an important metric for transactional systems such as databases or even file 

systems. 

 

Using sequential, large-block accesses, a single SATA SSD can deliver around 500 MB/s read 

and close to 500 MB/s write throughput with an inexpensive I/O controller that is found on most 

PC motherboards (Tom's Hardware SSD Charts, 2012).  A single SATA 10,000 RPM HDD, 

meanwhile, can deliver up to a maximum of 200 MB/s read and 200 MB/s write sustained 

throughput (Tom's Hardware HDD Charts, 2012).  Using more complex I/O controllers, HDD 

and SSD performance can be improved by adding more drives and striping the data across 

multiple drives.  Assuming perfect linear scaling per drive, it would require three HDDs to 

surpass the MB/s performance of one SSD with a large block sequential access work load. 

 

 

Using random, small-block access, a single SATA SSD can deliver 80,000 read IOPS and over 

20,000 write IOPS with the same inexpensive I/O controller (Tom's Hardware SSD Charts, 

2012).  A single SATA 10,000 RPM HDD, meanwhile, can deliver around 300 read IOPS and 
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close to 300 write IOPS (Tom's Hardware HDD Charts, 2012).  Assuming perfect linear scaling 

per drive, it would require 267 HDDs to match the random read IOPS of one SSD. 

 

Another performance measurement is access time.  Generally IOPS and access time are related – 

high IOPS implies low access time from command reception to the start of the data transfer.  

Most SSDs are below 0.1 ms while most HDDs are above 10.0 ms (Tom's Hardware SSD 

Charts, 2012) (Tom's Hardware HDD Charts, 2012). 

 

 

 

1.3 POWER 

 

HDDs have moving parts such as motors, heads, arms, and actuators in addition to the internal 

controllers; all these components consume power.  SSDs on the other hand, contain only the 

internal controller with the NAND flash packages.  Without the mechanical components, SSDs 

are able to deliver better performance with lower power consumption than HDDs. (Ku, 2013) 

 

Another comparison point is the performance output per power consumed by the device.  Here 

again, SSDs score far better than HDDs; SSD can deliver over 20,000 database I/O operations 

per Watt while HDDs do not even deliver 50 database I/O operations per Watt (Tom's Hardware 

SSD Charts, 2012) (Tom's Hardware HDD Charts, 2012). 

 

 

2. THE END OF SLC MAY BE NEAR 

 

The fastest and most reliable SSDs have traditionally contained SLC NAND flash.  When MLC 

NAND flash became commercially available, it offered twice the density of SLC, but at the cost 

of reduced write endurance.  MLC, nonetheless, dominated the consumer space where write 

endurance and overall reliability with 24x7 operation is not as critical as it is in enterprise and 

industrial applications such as telemetry. 

 

Both SLC and MLC have gone through process node reductions to continue to improve the bit 

density of the devices.  These increases in bit densities have reduced cost per GB of storage 

while benefitting both consumer and enterprise/industrial markets with increases in overall SSD 

capacities effectively doubling with every generation. 

 

However, with more revenue available from sales of MLC, flash manufacturers tend to introduce 

the new improvements with MLC flash before introducing them for SLC flash.  Currently, most 

readily available SLC and MLC flash use process nodes are in the 20-nm range, with MLC 

devices in the high 10-nm range reaching mass production now (Athow, 2013). 

 

Current roadmaps from these flash manufacturers do not yet show SLC devices in the 10nm 

range.  Increasing percentage demand for MLC over SLC is causing the flash manufacturers to 

question their return on investment for an SLC product offering in the 10-nm range.  Therefore, 

enterprise and industrial applications like telemetry may be forced to use MLC flash in the near 

future. 
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3. MLC FLASH-BASED SSDS 

 

Even with all the advantages of SSDs, some system designers have been reluctant to implement 

SSDs.  Two main reasons for this reluctance is the cost per GB of the SSDs and the concern over 

SSD write endurance.  MLC definitely will help with the cost since the bit density is twice that 

of SLC, but MLC generally has less endurance than SLC unless it is used with a flash controller 

incorporating recent technology advances. 

 

3.1 COST 

 

MLC increases the capacity of each flash package, thereby reducing the cost per GB of the 

package.  MLC prices continue to drop as their commodity status increases with implementation 

in a plethora of consumer electronic devices.  However, the raw cost per GB of MLC flash-based 

SSD is still more than the raw cost per GB of the HDD.  Most SSDs cost more than $1.00 per 

GB while most HDDs cost less than $0.50 per GB (Tom's Hardware SSD Charts, 2012). 

 

Another cost metric is cost per IOP.  Again, the extreme performance of the SSD far outweighs 

the cost.  Most SSDs are capable of less than $0.03 per IOP while HDDs are usually over $0.50 

per IOP, and some over $1.00 per IOP (Tom's Hardware SSD Charts, 2012) (Tom's Hardware 

HDD Charts, 2012). 

 

 

3.2 ENDURANCE 

 

MLC flash has always had lower write endurance than SLC flash, and for each reduction of 

process node dimensions, the write endurance gets worse.  See figure 1 for an illustration 

showing this trend of decreasing write endurance. 
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Figure 1:  Sample illustration of write endurance 

 

 

Traditionally, the method to extract similar endurance from one generation to the next was to 

increase the strength of the error correction codes (ECC).  In fact, the flash manufacturers 

actually require additional ECC bits with each process node in order to guarantee the write 

endurance.  See figure 2 for an illustration showing this trend of increasing ECC requirements. 
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Figure 2: Sample illustration of ECC requirements 
 

 

ECC techniques have improved as well with most SSDs transitioning from a Reed-Solomon 

ECC algorithm to a BCH ECC algorithm.  However, to make an MLC flash-based SSD viable in 

a critical 24x7 operation, the SSDs needs to employ more than just ECC.   

 

Another technique to extend the endurance of an SSD is called over provisioning which is 

basically adding extra flash such that the wear can be spread over a larger range of flash thereby 

increasing the endurance of the overall SSDs.  Still another technique is to use this additional 

flash to maintain a redundant array of the data much like the Redundant Array of Inexpensive 

Disks (RAID) does with HDDs or even SSDs. 

 

These improvements have made SSDs able to use lower cost MLC flash and still provide 

extreme performance with plenty of endurance to meet the traditional 3-year warranty. 

 

CONCLUSION 

 

Flash memory-based SSDs have made substantial improvements over their greater than 15-year 

existence.  While SSDs have always had superior environmental specifications, they now have 

surpassed HDDs in performance while still maintaining lower power consumption.  In addition, 

the cost and write endurance concerns of the past have been addressed through various 

techniques and technological advances. 
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SSDs are leading a revolution in the storage industry.  Many system designers have qualified 

SSDs in their applications and proven the value of SSDs. SSDs are no longer confined to high 

price, extreme environments, but SSDs are now found in enterprise and industrial applications 

such as telemetry. 
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NOMENCLATURE 

 

Flash:  A non-volatile memory device using an array of transistors each with a floating gate to 

store a charge 

 

GB or Gigabyte:  10
9
 bytes 
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HDD or Hard-disk drive:  Traditional storage device using rotating, magnetic platter. 

 

MLC or Multi-Level Cell:  A flash technology which stores more than one bit per transistor cell 

using more than two voltage levels on the floating gate; most commonly referred to two bits per 

cell using four distinct voltage levels 

 

NAND:  A high-density flash device usually with defect blocks marked by the factory; read and 

write operations must be done at a page level (several kilobytes), and erases done at an erase 

block level consisting of several of pages 

 

SATA or Serial ATA:  A storage bus interface where the data is transferred serially rather than 

through parallel data wires in previous generations. 

 

SLC or Single-Level Cell:  A flash technology which stores one bit per transistor cell using two 

distinct voltage levels on the floating gate 

 

SSD or Solid-State Drive:  Storage device typically using the same form factors as traditional 

hard disk drives, but without the moving parts 

 

TB or Terabyte:  10
12

 bytes 

 




