NEED FOR Si3N4 SELECTIVE REMOVAL BY WET CHEMISTRY

RELATED APPLICATIONS

[0001] This application is national entry of PCT/US2020/019097, filed on Feb. 20, 2020,
which claims priority to and benefit from United States Provisional Application No. 62/808,646,

filed on February 20, 2019, which is hereby incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to semiconductor design and fabrication.
Specifically, the invention relates to methods for removing dielectric layers from integrated circuit

devices.

BACKGROUND

[0003] Integrated circuits are the foundation of the information industry. The development
and application of 5G, artificial intelligence, Internet of Things, autonomous driving and other
technologies all rely on integrated circuits such as processors and memories. The pursuit of higher
performance and lower cost integrated circuits has led to higher integrated density integrated circuits.
This poses challenges for various semiconductor manufacturing equipment such as wet etching

equipment.

[0004] During manufacture of integrated circuit (IC) devices, dielectric layers are often
used to aid the fabrication process. After aiding the fabrication process, the silicon nitride layer must

be removed.

[0005] Several processes are known to remove silicon nitride layers from IC devices which
are selective to silicon oxide, i.e., removing silicon nitride without appreciably attack the silicon
oxide. In one removal process, a substrate containing the silicon nitride layer is dipped in high-
temperature (100° C.) water. Other removal processes use phosphoric acid (H3POs). At low
temperatures, phosphoric acid is unable to significantly etch the silicon nitride because of its inability
to appreciably attack the silicon nitride. Higher temperatures speed up not only the etch rate of the
silicon nitride, but also the attack of the silicon oxide. As a result, it has been difficult to etch a

silicon nitride structure using phosphoric acid.



What is claimed is:

1. A system for removing materials from a semiconductor device structure, comprising:

a processing chamber configured to receive the semiconductor device structure, wherein
the semiconductor device structure is exposed to an etchant in the processing chamber to remove

a portion of the structure and generate a by-product that enters the etchant;

a by-product removal section configured to convert the by-product into a precipitate and

remove the precipitate, thereby removing the by-product continuously; and

a circulation line that re-introduce the etchant to the processing chamber after the by-

product’s removal,

2. The system of claim 1, wherein the by-product removal section comprises a precipitation

accelerator supply portion.

3. The system of claim 2, wherein the precipitation accelerator supply portion comprises a

filter, wherein the filter is configured to remove the precipitate.

4. The system of claim 3, wherein the by-product removal section further comprises a
precipitation chamber provided on an upstream side of the filter, wherein the precipitation
accelerator supply portion is configured to supply the precipitation accelerator to the

precipitation chamber.

5. The system of claim 1 further comprising an etchant processing section wherein the

etchant processing section is configured to prepare the etchant.

6. The system of claim 5, wherein the etchant processing section is configured to store the
etchant.
7. The system of claim 5, wherein the etchant processing section comprises a chemical

agent supply section for supplying a chemical agent.

8. The system of claim 5, wherein the etchant processing section comprises a cavity for

mixing and storing the chemical agent.

9. A method for removing materials from a semiconductor device structure, comprising:
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introducing an etchant into a processing chamber to remove a portion of the

semiconductor device structure and generating a by-product;
converting the by-product into a precipitate; and
removing the precipitate, thereby removing the by-product continuously.

10. The method of claim 9, wherein converting the by-products into the precipitate comprises

supplying a precipitation accelerator to the etchant.

11. The method of claim 9, wherein the removing the precipitate comprises filtering out the
precipitate.

12. The method of claim 10, wherein the etchant comprises a phosphoric acid-containing
solution.

13. The method of claim 10, wherein the portion of the substrate comprises silicon nitride.
14. The method of claim 10, wherein the precipitation accelerator comprises one or more of

the following: hydrogen fluoride, water, amino acid, amine, or inorganic salt containing Ca, or

Mg.

15. The method of claim 10, wherein the precipitation accelerator comprises a solid structure

for the by-products to precipitate on.
16. A method for removing a material from a semiconductor device structure, comprising:

exposing a semiconductor device structure to a solution exhibiting a positive etch

selectivity for the material; and

removing the material chemically from the semiconductor device structure in such a way

that the solution exhibits negative etch selectivity for silicon oxide.

17. The method of claim 16, wherein the material comprises silicon nitride.

18. The method of claim 17, further comprising converting the silicon nitride to a by-product.
19. The method of claim 18, further comprising converting the by-product to a precipitate.
20. The method of claim 19, further comprising removing the precipitate from the solution.
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