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Disclaimer

This material is compiled by Allwin21 based on over 40 years of experience in the field of Rapid Thermal Annealing (RTP) furnaces and is intended solely for technical exchange and industry 

reference. The views and information presented are based on the company's professional judgment and fundamental understanding and are not aimed at any specific company or product. 

Please do not take them personally. We have made every effort to ensure the accuracy and reasonableness of the content; however, due to limitations in understanding and expression, there 

may still be inaccuracies or errors. Any consequences arising from the use of this material (including but not limited to business decisions, technical choices, procurement actions, etc.) are at 

the user's own risk and responsibility. Allwin21 assumes no direct or indirect liability.
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In the semiconductor industry, equipment selection always follows the basic principle of "process first, cost controllable." 

Although vacuum rapid thermal processors (Vacuum RTP) are used in certain scenarios, due to their lack of process 

repeatability, high complexity, and poor economics, they are currently difficult to become a mainstream choice and are 

classified as "conceptual RTP."

Unless the process explicitly requires annealing in a vacuum environment (such demands are extremely rare and almost 

nonexistent and need to be confirmed multiple times with a clear understanding), the technical disadvantages and high cost of 

vacuum RTP often outweigh their potential benefits. In fact, for such requirements, traditional vacuum furnaces (non-rapid 

type) are sufficient, and there is no need to invest in expensive hybrid vacuum rapid thermal annealing equipment.

In contrast, well-known brand atmosphere RTP systems are the most mainstream and mature equipment in the market. These 

systems use multi-zone halogen lamp arrays, which enable precise process control and distribution optimization. They 

effectively avoid technical defects like uneven radiation in a vacuum environment, meeting over 99% of semiconductor thermal 

processing requirements while balancing efficiency and cost.
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The main technical disadvantages of vacuum rapid thermal processors include:

• Large chamber volume and complex structure: The vacuum system design results in a chamber volume much larger than 

that of atmosphere systems, making it difficult to achieve precise control, process consistency, uniformity, and stability.

• Limited heating method: Most vacuum RTP systems only use single-side top lamps for heating, which cannot meet the 

strict requirements for process uniformity and repeatability that are achieved with top-and-bottom dual-side heating.

• High risk of material volatilization: The vacuum environment may cause metal materials (such as copper or aluminum) to 

volatilize or sublimate at high temperatures, contaminating the chamber and affecting product reliability.

• Difficult chamber cleaning: Vacuum RTP systems use metal chambers, which are difficult to clean after contamination. In 

contrast, atmosphere RTP systems use quartz chambers that can be efficiently cleaned using wafer fab's standard quartz 

cleaning processes.

• Low heat transfer efficiency: In a vacuum, heat transfer is only possible via radiation, which is less efficient and can lead 

to significant temperature gradients. Especially in high-temperature processes, the temperature difference between the wafer 

center and edges is noticeable, which not only affects process uniformity but also requires higher heating power, increasing 

energy consumption and costs.

• High system cost and maintenance burden: Vacuum systems require components like vacuum pumps, sealed chambers, 

and leak detection devices, significantly increasing equipment costs (by 30%–50%). Additionally, they require regular 

replacement of seals and pump oils, leading to increased downtime and affecting fab capacity and equipment availability.

Most vacuum RTP suppliers lack verification experience with mainstream semiconductor fabs and multi-generation product 

iterations. They also lack core technologies (such as high-precision rapid temperature control algorithms, advanced process 

control systems, radiation heating technologies, non-contact temperature measurement devices, and highly reliable wafer 

transfer mechanisms).
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