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1. Executive Summary

Consumer SSDs deliver impressive peak performance
—often several gigabytes per second. Industrial
SSDs, by comparison, can look restrained and
frequently lag behind in benchmarks. But that
comparison misses the point: the two product
categories follow entirely different design principles.

Industrial SSDs are engineered for 24/7 continuous
operation over many years, extreme temperatures,
consistent latencies, and maximum data integrity.
To achieve these goals, Swissbit deliberately uses
more robust—but therefore slower—flash
technologies in its industrial series, along with
more conservative firmware strategies and stricter
reliability mechanisms. The result: less peak
performance, but significantly more stability,
lifetime, and system reliability—especially in critical
applications.
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2. Two product worlds, two philosophies

In the consumer market, cost and marketing
metrics dominate. Higher speed figures improve
sales prospects—and typical use cases support that
philosophy: short, intensive bursts such as
copying large files or installing a game. 

Industrial applications have completely different
priorities. Here, predictability, fail-safety, and
longevity matter. Systems run continuously for
many years, sometimes a decade or two—often
without the option of quick and easy replacement.
High temperatures, rapid temperature changes,
vibration, and unreliable supply voltages are part
of everyday life. 

3.1 NAND Selection

3.2 Firmware Strategy

3.3 Extreme environmental conditions

3.4 Sudden Power Loss Safety

3.5 Sustained load instead of short bursts
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NAND flash technologies at a glance

SLC (Single-Level Cell)
Stores 1 bit per cell (2 states).
True SLC is hardly produced today and is used
only up to capacities of about 2 GB. Above that,
TLC NAND is typically used in pseudo-SLC mode,
meaning it also stores only 1 bit per cell.
Pros: highest endurance, fastest read/write
access, lowest error rate / highest robustness
Cons: very expensive due to the lowest storage
density
Typical use: industrial, write-intensive
applications, and as cache/buffer

MLC (Multi-Level Cell)
Stores 2 bits per cell (4 states).
Pros: better price/performance than true SLC,
still good performance
Cons: significantly lower endurance and slower
than true SLC; no longer actively optimised and
technologically surpassed by TLC
Typical use: largely replaced by TLC today

TLC (Triple-Level Cell)

Stores 3 bits per cell (8 states).
Pros: cheaper per GB, high capacities
Cons: lower endurance and performance;
requires more powerful error correction
Typical use: mainstream (consumer SSDs,
enterprise, data center, industrial with
moderate write loads)

QLC (Quad-Level Cell)
Stores 4 bits per cell (16 states).
Pros: very low cost per GB, high capacity
Cons: lowest endurance, slowest write and read
performance
Typical use: consumer SSDs, data centers with
low-write-rate workloads, cost-sensitive large
storage

Conclusion: The more bits per cell, the higher the
capacity and the lower the price—but the slower
and less durable the flash.

Accordingly, two very different SSD types emerge:

Consumer SSDs: optimised for speed and price
Industrial SSDs: optimised for stability, data
integrity, temperature robustness, and
longevity 

So the comparatively lower performance is not a
flaw—it is the result of a deliberate, safety-oriented
design decision.

3. What makes industrial SSDs slower—and why? 

3.1 NAND selection: control, not cutting-edge

One of the biggest performance factors is the choice
of NAND flash.

In the consumer market, the latest NAND generation
is used for cost reasons. Advantages: higher
density, lower price per gigabyte, and better
nominal performance.

In industrial SSDs, NAND is selected based on
completely different criteria:

Reliability at extreme temperatures
Larger margins between bit states (lower
susceptibility to errors)
High data retention over many years
Guaranteed lifespan (endurance)
Long-term availability across multiple product
generations

It is not uncommon for industrial products to be
two to three NAND generations “behind” until a
robust industrial-grade NAND becomes available
again. This means some performance improvements
of the newest consumer technology are temporarily
missed.
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3.2 Firmware strategies: consistency instead of
peak numbers

Consumer SSDs are optimized for maximum speed—
especially in benchmarks. Large pseudo-SLC caches
mask the NAND’s real write speed. As long as the
user transfers only a few gigabytes at a time,
everything stays in the fast pseudo-SLC area and
performance looks impressive.

Industrial SSDs take a different approach: they must
maintain their maximum latency limits
continuously. To do so, all housekeeping tasks run
in parallel with the host’s reads and writes as
background processes, rather than being postponed
until the next idle period. 

These include:
Ongoing wear leveling of dynamic and especially
static areas
Continuous garbage collection
Continuous maintenance of logical-to-physical
mapping tables

These measures cost performance—but prevent the
SSD from slowing down under sustained load or
developing latency spikes. While consumer SSDs may
lose performance after multiple drive writes, high-
quality industrial SSDs remain constant and
predictable.

Why consumer benchmarks mislead—the
pseudo-SLC cache principle

Firmware architecture has a major impact on
(apparent) speed: consumer SSDs increasingly use
QLC storage with four bits per cell (16 states).
Compared to TLC, this can save the manufacturer
about 25% of NAND cost. The problem is that QLC
NAND is very slow: it must be programmed slowly
so each cell reaches the exact desired state.

Reading is also slower, because each cell must be
read four times to determine its state.
Consumer SSD makers hide this low performance
by using a large so-called pseudo-SLC cache. Part
of the QLC NAND runs in pseudo-SLC mode, where
only one bit per cell is stored, meaning only two
states per cell. In this mode, the NAND is
extremely fast—both for reading and writing.

A typical consumer user tests speed with a file-
based benchmark because the operating system is
already running from the SSD being tested. Such
benchmarks create files of several gigabytes and
measure throughput for reads and writes. These
files fit entirely into the pseudo-SLC area, so the
extremely slow QLC area is not used at all.
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3.3 Extreme environmental conditions limit clock
rates and require larger safety margins

Industrial SSDs must function for many years in
environments consumer products were never
designed for. Examples:

Start at −25 °C in an outdoor control cabinet
Operation at +85 °C in a sealed IoT device
Temperature changes of 100 kelvin during
operation (warming up)
Strong electromagnetic interference in densely
packed embedded IoT devices
No active cooling, no airflow
Vibration, shock, high humidity

Under these conditions, electrical properties change
(trace impedances, latencies, signal quality, driver
strengths) and there is a risk of thermal damage. 

To account for these conditions, measures are
required such as:

Reducing clock rates on the internal flash bus
connecting the controller and NAND chips
Reducing power loss by lowering controller
voltage and clock frequency
Choosing an architecture with lower internal
parallelism to improve energy efficiency
Avoiding burst functions (short-term
overclocking by exploiting thermal inertia)
Potentially omitting a DRAM cache, since
DRAM draws high power even when idle

These measures increase reliability not only of the
SSD but also of the overall system—and, of course,
reduce performance at the same time.
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Figure 1: Consumer SSDs achieve high peak performance within a narrowly limited temperature range. Industrial SSDs, by contrast,
deliver stable, predictable performance across a much wider temperature range.



3.5 Sustained load instead of short bursts—why
peak values are useless

Consumer SSDs are optimized for short, intensive
loads. Writing a video, unpacking a game, or
applying updates stresses the SSD for only a few
dozen seconds.

Industrial SSDs, in contrast, must:
read and write 24/7
deliver predictable latencies over years
compensate for ageing processes
ensure low DPPM values

In the consumer world, maximum peak
performance takes center stage; in industry, it’s
the minimum performance the SSD can sustain
permanently under the harshest conditions and
access patterns. That determines whether
problems arise after months or years of
continuous operation—because data can no
longer be stored quickly enough or reads are
answered only with delays.

Therefore, extreme peak figures are irrelevant for
industrial applications—or even
counterproductive.

3.4 Sudden power-loss safety: write operations
that protect valuable data

Another key difference lies in how sudden power
failures are handled.

Consumer SSDs sometimes tolerate significant data
loss during an unexpected power outage—assuming
interruptions are rare and the chance of cutting off
an active write is low, since consumer SSDs are idle
most of the time.

Industrial SSDs, however, must guarantee full data
integrity across many thousands of power cycles, so
that even during active writes:

the firmware is not corrupted,
no mapping data is lost,
already stored data and the operating system
are not corrupted,
after restart, the contents of all logical storage
addresses can be reconstructed.

To do this, metadata must be updated regularly in
flash so a consistent state can always be restored.
Redundancy must ensure that a power outage
while writing metadata cannot create incorrect
metadata. These redundancies and the continuous
maintenance of metadata reduce net throughput—
but protect the integrity of the entire system.

Why 14 GB/s sustained performance is impossible

Current 1-terabyte consumer SSDs advertise write speeds of “up to 14 GB/s.”
Consumer NAND types currently available with 128 GB per flash chip have a maximum
programming speed between 160 and 260 MB/s. Even if all eight flash chips are
programmed in parallel, the gross data rate is limited to around 2 GB/s. The 14 GB/s
can therefore only be reached for a few seconds while the fast pseudo-SLC cache is
being filled.
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4. Product cycles and supply stability

Consumer SSDs are developed in fast cycles. Often, a
new generation appears within 18 months. For
industrial products, such change is not feasible:

SSDs are typically a central element of industrial
systems, and their specifications (form factor,
capacity, lifetime, maximum latencies, power
draw) are defined early in the development
process.
Approval testing for complex industrial systems
takes many months.
Systems must remain identical for years.
Any change (to the SSD) requires costly re-
testing and re-qualification.
Predictable supply and component longevity are
therefore business-critical.

Industrial SSDs are not only more durable in
operation—they must also remain available for
many years in the portfolio with a fixed BOM (Bill of
Materials). This requires using NAND flash that the
manufacturer classifies as a long-term available
industrial version.

Even developing a new industrial SSD—from first
prototype to finished product—typically takes over a
year until all software and hardware tests and
internal quality requirements are met—unthinkable
with consumer flash that the manufacturer may
discontinue in the meantime.

5. Conclusion — why less performance creates
more value

Industrial SSDs are not built for peak
performance, but for maximum safety. Anyone
comparing them to consumer SSDs is using the
wrong yardstick.

Their strengths are:
Consistent performance over years—
independent of ageing
Guaranteed data integrity—even in sudden
power loss
High resistance to temperature and
environmental stress
Long-term availability and stable product
cycles
Predictable latencies for critical systems
Low failure rate and high endurance

The often-lower speed is therefore not a
disadvantage, but a deliberately chosen trade-off
in favour of comprehensive system reliability. For
industrial applications, this means: less risk,
fewer failures, longer system up time, and overall
lower total cost of ownership.

When industrial SSDs are indispensable

If any of the following applies to the required SSD, only an industrial SSD provides
the necessary reliability:

The SSDs ambient temperature during operation can be outside 0 °C to 70 °C
High read or write load over the service life with strict maximum latency limits
Long service life and guaranteed write volume
High reliability with low failure rates
Power-loss protection with guaranteed data integrity
Long-term availability and life-cycle support
Operation under vibration / shock / humidity (MIL-STD)
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About Swissbit

Swissbit AG is the leading European
manufacturer of storage, security and
embedded IoT solutions for
demanding applications. As trusted
partner, Swissbit empowers the digital
and connected world by reliably
storing and protecting data in
industrial, security and IoT
applications.

Swissbit was founded in 2001 and has
offices in Switzerland (headquarters),
Germany, the USA, Japan, and Taiwan,
as well as a state-of-the-art
electronics manufacturing facility in
Berlin.
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