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Thermal considerations for IONODES OEM encoders 

 
When integrating IONODES OEM encoder modules into different camera designs, special attention must be 

given to the thermal aspects. This document will describe the parameters involved as well as offer some insight 

on the encoders’ thermal design and behaviour. 
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1. Introduction 
 
Power is required to operate integrated circuits (ICs). This power is provided to the IC in the form of voltage and 

current through power supply pins. The consumption of power creates heat and results in junction 

temperatures different from the surrounding ambient temperature. There are several factors that affect the 

junction temperature: 

• Heat from neighboring ICs 

• Airflow 

• IC packaging material 

• IC packaging technique (for example chip versus wire bond) 

• Number of leads on the IC package 

• Printed circuit board (PCB) materials 

• Ambient temperature 

 

The air temperature (𝑇𝐴) dictates the minimum temperature at which the device operates. No matter how much 

heat sinking or airflow is supplied, the device will not get colder than the surrounding air. Once the IC begins to 

dissipate power the junction temperature (𝑇𝐽) increases above the ambient temperature. You can reduce the 

junction temperature by adding airflow or heat sinks, but as long as the power is dissipated, the junction rises 

to a temperature above 𝑇𝐴. 

 

Thermal resistance is the ability for a given device to dissipate the internally generated heat, expressed in units 

of °C/W. Basically, the thermal resistance is derived to show how much the 𝑇𝐽 increases based on the power 

dissipated by the device. 
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2. Definitions 
 

The following are some important definitions that relate to the operating condition of the devices.  
 
𝑇𝐴 = Ambient temperature. This is the temperature of the environment, still air.  

𝑇𝐶  = Case temperature. This is the temperature of the case of the semiconductor device.  

𝑇𝐽 = Operating Junction temperature. This is the temperature of the device circuit itself under given operating 

conditions. 𝑇𝐽 must be calculated or inferred from the case and/or ambient temperature.  

𝑇𝐽𝑚𝑎𝑥 = Maximum Junction temperature. This is the maximum temperature that the device tolerates to 

guarantee reliable operation. The system designer needs to ensure that TJ < TJmax to guarantee reliability. 

Power Dissipation (𝑃𝑑) = This is the power consumed while the device is in operation and this power 

consumption creates heat. It is typically expressed in Watts. 

Airflow = The movement of air over and around a device that is used to remove heat from the system. 

Thermal Resistance = An empirically derived set of constants that describe the heat flow characteristics of a 

given system, expressed in °C/W. Thermal resistance is a measure of the ability of a package to transfer the heat 

generated by the device inside a package to the ambient. Some factors that affect thermal resistance include: 

(1) the die size of the IC chip, (2) the mold compound, and (3) lead frame / substrate design. Θ𝐽𝐴 (junction-to-

ambient thermal resistance), Θ𝐽𝐶  (junction-to-case thermal resistance), Θ𝐶𝐴 (case-to-ambient thermal 

resistance), and Θ𝐽𝐵  (junction-to-board) are the thermal parameters generally used to characterize a package. 
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• Θ𝐽𝐴 is the junction-to-ambient thermal resistance. Θ𝐽𝐴 represents the ability of the package to conduct 

heat from the IC chip inside the package to the environment. Θ𝐽𝐴 is defined as the difference between 

the junction temperature and the ambient temperature when the device is dissipating 1 W of power. 

Θ𝐽𝐴 (expressed in °C/W) = (𝑇𝐽 – 𝑇𝐴)/𝑃𝑑. For a given package and lead frame, some factors that affect Θ𝐽𝐴 

are: (1) the die size of the IC chip, (2) the length of the printed circuit board traces attached to the IC 

package on the system board, and (3) the amount of airflow across the package. Θ𝐽𝐴 value is available in 

the datasheet of the device. 

 

• Θ𝐽𝐶  is the junction-to-case thermal resistance. Θ𝐽𝐶  is defined as the temperature difference between the 

junction and a reference point on the package when the device is dissipating 1 W of power. Θ𝐽𝐶  

(expressed in °C/W) = (𝑇𝐽 – 𝑇𝐶)/𝑃𝑑. It is mainly a function of the thermal properties of the materials 

constituting the package. Θ𝐽𝐶  value is available in the datasheet of the device. 

 

• Θ𝐽𝐵  is the junction-to-board thermal resistance. Θ𝐽𝐵  is defined as the temperature difference between 

the junction and the board when the device is dissipating 1 W of power. Θ𝐽𝐵  (expressed in °C/W) = (𝑇𝐽 – 

𝑇𝐵)/𝑃𝑑. 𝑇𝐵 is the temperature of the PCB board taken at a predefined location near the die.  

 

• Θ𝐶𝐴 is the case-to-ambient thermal resistance. Θ𝐶𝐴 is defined as the temperature difference between a 

reference point on the package and the ambient temperature when the device is dissipating 1 W of 

power. Θ𝐶𝐴 (expressed in °C/W) = (𝑇𝐶  – 𝑇𝐴)/𝑃𝑑. Θ𝐶𝐴 is mainly dependent on the surface area available 

for convection and radiation and the ambient conditions, among other factors. This can be controlled by 

using heat-sinks, providing greater surface area and better conduction path, or by air or liquid cooling. 

The junction-to-ambient thermal resistance is the sum of the thermal resistances of junction-to-case and case-

to-ambient. In other words, the relationship between the thermal parameters can be expressed using the 

following formula: Θ𝐽𝐴 = Θ𝐽𝐶 + Θ𝐶𝐴 
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3. ION-E100-MINI Thermal Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The temperature reading from the LM75 digital sensor onboard the ION-E100-MINI is the temperature of the IC 

itself, which is basically the temperature of the PCB in the area where the IC is positioned. This information can 

be accessed either via an ION API (“system.temperature”) HTTP request or directly via the web interface of the 

encoder. Please note that in the web interface the temperature is not updated in real-time (it’ll only show the 

reading when the web interface was loaded).  

Based on the reading from the LM75 sensor, the HW watchdog will put the board into reset mode in order to 

avoid damage or unstable operation. The threshold for activating the reset mode is +80°C; once the temperature 

drops below +75°C the reset mode will automatically be released and the board will return to normal operation. 

The thresholds are set on the HW watchdog from the factory and are not user configurable in the field. 

LM75 Digital Temperature 

Sensor and Thermal Watchdog 

 

Measuring temperature range: 

-55°C to +125°C 

 

Measuring accuracy: 

±3°C 

 

Temperature reading is 

exposed via ION API: 

Yes 

 

Temperature reading is 

exposed via web interface: 

Yes 

 

MG3500 SoC 

 

Operating temperature range: 

0°C to +90°C (𝑇𝑐𝑎𝑠𝑒) 

 

Thermal conductivity: 

Θ𝐽𝐴= 23°C/Watt 

Θ𝐽𝐶= 8°C/Watt 

Θ𝐶𝐴= 15°C/Watt 

 

Embedded temperature sensor: 

None 

 

Typical power consumption*: 

750mW 

* H.264, 720p30 + AAC encode 
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4. ATOMAS-MINI-LVDS Thermal Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The temperature reading from the LM75 digital sensor onboard the ATOMAS-MINI-LVDS is the temperature of 

the IC itself, which is basically the temperature of the PCB in the area where the IC is positioned. This information 

can be accessed either via an ION API (“system.temperature”) HTTP request or directly via the web interface of 

the encoder. Please note that in the web interface the temperature is not updated in real-time (it’ll only show 

the reading when the web interface was loaded).  

Based on the reading from the LM75 sensor, the HW watchdog will put the board into reset mode in order to 

avoid damage or unstable operation. The threshold for activating the reset mode is +80°C; once the temperature 

drops below +75°C the reset mode will automatically be released and the board will return to normal operation. 

The thresholds are set on the HW watchdog from the factory and are not user configurable in the field. 

Please note that, although the ATOMAS-MINI-LVDS uses the same temperature sensor and the same thresholds 

as the ION-E100-MINI, the overall thermal behaviour is not the same. This is due to the fact that the sensors are 

placed in a different position, on a different PCB and are surrounded by different components. The PCB layout 

and the heat dissipated by nearby components will make the sensors report different temperatures even when, 

for instance, an ION-E100-MINI and an ATOMAS-MINI-LVDS are placed in the exact same environment (or 

chassis).  

 

 

ASC8852AET SoC 

 

Operating temperature range:  

-40°C to +85°C (𝑇𝑐𝑎𝑠𝑒) 

 

Thermal conductivity: 

Θ𝐽𝐴= 21.3°C/Watt 

Θ𝐽𝐶= 4.9°C/Watt 

Θ𝐶𝐴= 16.4°C/Watt 

Θ𝐽𝐵= 13.4°C/Watt 

 

Max junction temperature: 

𝑇𝐽𝑚𝑎𝑥=+125°C 

 

Embedded temperature sensor: 

None 

 

Typical power consumption*: 

1096mW 

* H.264, 720p30 +D1/30 

encode & stream 

LM75 Digital Temperature 

Sensor and Thermal Watchdog 

 

Measuring temperature range: 

-55°C to +125°C 

 

Measuring accuracy: 

±3°C 

 

Temperature reading is 

exposed via ION API: 

Yes 

 

Temperature reading is 

exposed via web interface: 

Yes 
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5. ATOMAS-MICRO Thermal Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to its very compact size, the ATOMAS-MICRO does not feature a thermal watchdog. It is the system 

integrator’s responsibility to ensure that proper operating conditions are met for the SoC as well as for the other 

components on the PCB.  

 

Independent tests, using a professional floorstanding Temperature and Climatic Test Chamber from WEISS, have 

shown that the ATOMAS-MICRO is able to operate with minimal airflow in a temperature range of -40 to +85 

°C, which is basically industrial grade performance. 

ASC8852AET SoC 

 

Operating temperature range:  

-40°C to +85°C (𝑇𝑐𝑎𝑠𝑒) 

 

Thermal conductivity: 

Θ𝐽𝐴= 21.3°C/Watt 

Θ𝐽𝐶= 4.9°C/Watt 

Θ𝐶𝐴= 16.4°C/Watt 

Θ𝐽𝐵= 13.4°C/Watt 

 

Max junction temperature: 

𝑇𝐽𝑚𝑎𝑥=+125°C 

 

Embedded temperature sensor: 

None 

 

Typical power consumption*: 

1096mW 

* H.264, 720p30 +D1/30 

encode & stream 



Page 8 of 12 
 

When the ATOMAS-MICRO is placed inside a sealed dome with absolutely no airflow, the operating temperature 

range was tested to be -40 to +60 °C. This is of course without any passive or active cooling solution, so customer 

looking to integrate a cooling solution should expect much better results. 
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ASC8852AET SoC 

 

Operating temperature range:  

-40°C to +85°C (𝑇𝑐𝑎𝑠𝑒) 

 

Thermal conductivity: 

Θ𝐽𝐴= 21.3°C/Watt 

Θ𝐽𝐶= 4.9°C/Watt 

Θ𝐶𝐴= 16.4°C/Watt 

Θ𝐽𝐵= 13.4°C/Watt 

 

Max junction temperature: 

𝑇𝐽𝑚𝑎𝑥=+125°C 

 

Embedded temperature sensor: 

None 

 

Typical power consumption*: 

1096mW 

* H.264, 720p30 +D1/30 

encode & stream 

LM75 Digital Temperature 

Sensor and Thermal Watchdog 

 

Measuring temperature range: 

-55°C to +125°C 

 

Measuring accuracy: 

±3°C 

 

Temperature reading is 

exposed via ION API: 

Yes 

 

Temperature reading is 

exposed via web interface: 

Yes 

 

6. ATOMAS-MINI-DUAL Thermal Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The temperature reading from the LM75 digital sensor onboard the ATOMAS-MINI-DUAL is the temperature of 

the IC itself, which is basically the temperature of the PCB in the area where the IC is positioned. This information 

can be accessed either via an ION API (“system.temperature”) HTTP request or directly via the web interface of 

the encoder. Please note that in the web interface the temperature is not updated in real-time (it’ll only show 

the reading when the web interface was loaded).  

Based on the reading from the LM75 sensor, the HW watchdog will put the board into reset mode in order to 

avoid damage or unstable operation. The threshold for activating the reset mode is +80°C; once the temperature 

drops below +75°C the reset mode will automatically be released and the board will return to normal operation. 

The thresholds are set on the HW watchdog from the factory and are not user configurable in the field. 

Please note that, although the ATOMAS-MINI-DUAL uses the same temperature sensor and the same thresholds 

as the ION-E100-MINI and the ATOMAS-MINI-LVDS, the overall thermal behaviour is not the same. This is due 

to the fact that the sensors are placed in a different position, on a different PCB and are surrounded by different 

components. The PCB layout and the heat dissipated by nearby components will make the sensors report 

different temperatures even when, for instance, an ION-E100-MINI, an ATOMAS-MINI-LVDS and an ATOMAS-

MINI-DUAL are placed in the exact same environment (or chassis). 
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7. System considerations 
 

The major part of the heat travels through the PCB only. There are essentially four paths for heat to transfer out 
of the chip into the PCB:  
 

1. The small amount of heat transfer from case to ambient through the air around the device.  

2. Heat transfer into the PCB through the top layer.  

3. Heat transfer to the internal dielectric material and copper layers though via array.  

4. Finally, the heat that travels through via array below the chip and into the PCB’s bottom-most copper 
layer.  

 
The manner in which an IC package is mounted and positioned in its surrounding environment has significant 
effects on operating junction temperatures. These conditions are controlled by the system designer and are 
worthy of serious consideration in the PC board layout and system ventilation and airflow features.  
 
Forced air cooling significantly reduces thermal resistance. Airflow parallel to the long dimension of the package 
is generally a little more effective than airflow perpendicular to the long dimension of the package. External 
heat sink applied to an IC package can improve thermal resistance by increasing heat flow to the surrounding 
environment. Heat sink performance will vary by size, material, design, and system airflow. In general, they can 
provide a substantial improvement.  
 
Package mounting can affect thermal resistance. For example, surface mount packages dissipate significant 
amounts of heat through the leads that attach to the traces. The metal (copper traces) on PC boards conduct 
heat away from the package and dissipate heat to the ambient; thus, the larger the trace area the lower the 
thermal resistance. 
 
The thermal parameters exhibit worst-case values when there is no airflow. Also, with higher temperatures the 
thermal performance becomes even more critical. Because of this, as we move from commercial temperature 
ranges to industrial or automotive temperature ranges, temperature specifications become much higher. All 
IONODES encoder modules are built using industrial grade components (rated -40 to +85 °C) in order to ensure 
the highest performance under demanding conditions. 
 
To ensure good thermal management, it is essential that the junction temperature remains well below the 
maximum rated value 𝑇𝐽𝑚𝑎𝑥. This is because an increase in junction temperature (𝑇𝐽) can adversely affect the 

long-term operating life of a device. 
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Annex 
 

Reading the board temperature via an ION API HTTP request on modules equipped with the LM75 Digital 

Temperature Sensor and Thermal Watchdog: 
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Reading the board temperature via the Web Management Interface on modules equipped with the LM75 Digital 

Temperature Sensor and Thermal Watchdog: 

 

 


