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Predictable Performance: 
How Firmware-Level 
Thermal Throttling 
Smooths PCIe SSD 
Operation

Unstable SSD performance caused by 
traditional threshold-based thermal controls 
is a major obstacle for system integrators in 
industrial applications. This instability makes 
it difficult to ensure production timelines, 
leads to unexpected downtime that disrupts 
critical operations, and results in costly 
replacements. Firmware-level thermal 
throttling alleviates these issues by loading a 
dynamic performance-regulating algorithm 
directly on the SSD. This algorithm makes 
fine-grained second-by-second adjustments 
that keep the performance steady, even in 
extreme temperatures.

Thermal throttling is a mechanism that reduces a 
device’s speed when it approaches its rated 
maximum temperature, preventing components 
from getting damaged by overheating.
In SSDs, thermal throttling prevents drive damage 
and data loss by reducing performance when 
temperatures rise from heavy workloads, poor 
airflow, or high ambient temperatures. This 
naturally results in slower speeds during these 
events.

INTRODUCTION

Data Intelligence

Most PCIe SSDs use a simplistic thermal throttling algorithm, which manages temperature by reducing 
system frequencies at preset thresholds. For example, if the temperature reaches 85°C, the flash clock 
frequency is lowered to help the system cool down. Once the temperature drops to a defined level, the 
speed is increased again. While this on/off approach may be sufficient for consumer devices, it often 
lacks the precision and robustness required in industrial environments.
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CHALLENGES
The Trade-Off Between Speed and Temperature

The speed fluctuations caused by traditional thermal throttling can interfere with tightly controlled 
workloads. Industrial system integrators typically rely on steady data transfer rates, especially in 
embedded environments where reliability is crucial. In many embedded applications, storage operations 
are tightly sequenced with other tasks, and precise timing control is essential for reliable process 
coordination. 

"Predictability is more valuable than raw speed."  

Consistent throughput is more important to manufacturers than variable peak performance. For example, 
consistent read/write times of 10 seconds are more valuable than unpredictable performance that ranges 
from 5 to 20 seconds, as variability makes it harder to plan system behavior and manage performance.

Typical applications for such environments include, but are not limited to, smart security, where large 
video and image files must be continuously read and written at high speeds to facilitate facial recognition 
and process high-quality security footage. For these scenarios, well-calibrated thermal management is 
crucial to maintaining stable and predictable system performance.

Thermal throttling is a mechanism that reduces a 
device’s speed when it approaches its rated 
maximum temperature, preventing components 
from getting damaged by overheating.
In SSDs, thermal throttling prevents drive damage 
and data loss by reducing performance when 
temperatures rise from heavy workloads, poor 
airflow, or high ambient temperatures. This 
naturally results in slower speeds during these 
events.

Most PCIe SSDs use a simplistic thermal throttling algorithm, which manages temperature by reducing 
system frequencies at preset thresholds. For example, if the temperature reaches 85°C, the flash clock 
frequency is lowered to help the system cool down. Once the temperature drops to a defined level, the 
speed is increased again. While this on/off approach may be sufficient for consumer devices, it often 
lacks the precision and robustness required in industrial environments.
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Disclaimer: This image is for illustrative purposes only and does not represent actual test data.
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With the traditional thermal throttling algorithm, as temperatures rise, SSD speeds decrease erratically. 

Conventional Thermal Throttling
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SOLUTIONS
A Patented Algorithm for the Industrial Market

Innodisk's patented dynamic thermal throttling algorithm is a proprietary solution engineered to address 
industrial thermal demands. 

Unlike conventional methods that abruptly throttle speed once a fixed temperature threshold is crossed, 
Innodisk leverages a multi-stage, progressive control mechanism that ensures smoother thermal 
management. Rather than immediately reducing performance, the firmware dynamically adjusts the 
number of NAND commands based on real-time temperature deltas—the difference between the current 
temperature and the defined thermal boundary.

As shown in the chart, this staged control logic helps minimize erratic speed fluctuations and maintains 
SSD reliability, even under extended high-temperature workloads. Unlike older thermal throttling 
mechanisms that trigger sudden performance shifts, Innodisk's dynamic algorithm includes numerous 
fine-grained deceleration and acceleration points.

This allows the system to respond gradually as temperatures change, enabling smooth transitions instead 
of abrupt drops. 

When system temperatures return to safe levels, performance is restored just as smoothly, avoiding sharp 
jumps that could interfere with timing-critical processes.
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Disclaimer: This image is for illustrative purposes only and does not represent actual test data.
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With Innodisk’s thermal throttling algorithm, SSD speeds change steadily. 

See illustration: ΔT = Current Temp − Target Threshold. 
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Multi-Stage Dynamic Thermal Throttling

Stage 1
Full speed

Stage 2
Performance decrease

Stage 3
Limit I/O

Stage 4
Performance increase

Stage 5
Full speed
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INNODISK’S PREMIUM PRODUCT
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4TG2-P SERIES
▪ PCIe Gen 4 x4, NVMe 1.4

▪ Form Factor: 

M.2 2280 M key / M.2 22110 M key / U.2 SSD / E1.S

▪ DRAM-with solutions

▪ Excellent data transfer speeds

▪ Stable sustained performance

▪ LDPC ECC engine supported

▪ Supports -40°C to 85°C with dynamic thermal throttling to 

maintain SSD stability

4TE2 SERIES
▪ PCIe Gen 4 x4, NVMe 1.4 

▪ Form Factor: 

M.2 2242 M key / M.2 2280 M key / CFexpress 

▪ Excellent data transfer speeds 

▪ Stable sustained performance 

▪ Heat-spreading design 

▪ Supports -40°C to 85°C with dynamic thermal throttling to 

maintain SSD stability 
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Innodisk’s Dynamic Thermal Throttling algorithm flow.

IS CURRENT TEMPERATURE ABOVE TARGET TEMPERATURE?

Temperature decreases, getting
incrementally closer to the target

Temperature increases, getting
incrementally closer to the threshold

Decrease commands
sent to the NAND flash

Increase commands
sent to the NAND flash

Calculate the difference between
current and target temperatures

Detect temperature
every second

YES NO
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WHY 
INNODISK?

At Innodisk, we believe that any challenge can be overcome through 
cooperation. By maintaining a strong line of communication all the 
way from inquiry to implementation, we ensure a tailor-made solution 
that fits your application. We remain committed to innovation with our 
continual focus on hardware, firmware, and software integration.

CONCLUSION
For system integrators working with demanding high-performance and high-temperature 
applications—such as those in 5G, AloT, networking, and industrial sectors—Innodisk's advanced thermal 
throttling algorithm provides precise and reliable thermal control. With intelligent firmware management, 
integrators can confidently deploy innovative solutions in harsh environments, free from the erratic 
speeds and inconsistent performance common with traditional thermal control methods.
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