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[0025]    Figure 16 is a SP1 surface comparison of 

a SOI top silicon surface with and without terrace oxide 

removal showing total defect area (mm2) per wafer; 

[0026]    Figure 17 is a SP1 surface comparison 

of post epitaxy top silicon surface inspection with a count 

of particles 0.2 µm or greater; 

[0027]    Figure 18 is a SP1 surface comparison 

of post epitaxy top silicon surface inspection showing 

total scratch length; 

[0028]    Figure 19 is an end-of-line SP1 surface 

inspection comparison with a count of particles 0.16 µm or 

greater; 

[0029]    Figure 20 is an end-of-line SP1 surface 

inspection with a count of particles 0.5 µm or greater; 

[0030]    Figure 21 is an end-of-line SP1 surface 

inspection with a count of particles 0.8 µm or greater; 

[0031]    Figures 22 is a box plot comparison of 

the total area of defects per wafer for a count of wafers; 

and 

[0032]    Figure 23 is a box plot comparison of 

the defect count per wafer for defects 0.8 µm or greater 

for a count of wafers. 

[0033]    Corresponding reference characters 

indicate corresponding parts throughout the drawings. 

DETAILED DESCRIPTION 

[0034]    Provisions of the present disclosure 

relate to methods for stripping an oxide film from a
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travel of the structure through the furnace) and proceeds 

toward the trailing edge of the bonded wafer structure.  

Other types of cleaving devices may also be used. 

[0046]    The layers (handle structure 10, 

dielectric layer 15 and silicon top layer 25) of the SOI 

structure 31 may generally have any thickness that allows 

the layers to function as described herein.  In some 

embodiments, the silicon top layer 25 is relatively thin 

(e.g., thickness of about 0.1 µm to about 0.3 µm) and the 

dielectric layer 15 is relatively thick (about 1.0 µm or 

more).  The SOI structure 31 has a radius R (Fig. 7) that 

extends from the center C of the structure 31 to the 

circumferential edge E.  The SOI structure 31 may have any 

radius (e.g., about 100 mm, about 150 mm or more) unless 

stated otherwise. 

Anneal 

[0047]    The cleave surface of the SOI structure 

31 (i.e., the thin device layer 25 of the donor wafer) has 

a rough surface that may be smoothed by additional 

processing.  The structure 31 may be subjected to 

additional processing to produce a layer surface having 

desirable features for device fabrication thereon and/or 

for deposition of a thickening epitaxial layer.  

[0048]    In accordance with some embodiments of 

the present disclosure, the silicon-on-insulator structure 

31 is subjected to a pre-epitaxy smoothing anneal (PESA).  

The smoothing anneal reorders the silicon on the top 

surface 32 (Fig. 7) of the structure 31. Without being 

bound to any particular theory, the smoothing anneal also 

strengthens the oxide to oxide bond between the handle
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Oxide Removal 

[0051]    In accordance with embodiments of the 

present disclosure, at least a portion of the oxide that 

forms on the silicon-on-insulator structure 31 is removed 

before deposition of an epitaxial silicon layer which is 

described below (e.g., the oxide that forms on the surface 

32 of the structure 31 is at least partially or fully 

removed).  In some embodiments of the present disclosure, at 

least a portion of the oxide is removed by a spin etch 

process in which the silicon-on-insulator structure 31 is 

rotated with the axis of rotation extending through the 

center C (Fig. 7) of the structure 31 with the axis being 

perpendicular to the surface 32 of the structure 31.  

[0052]    The spin-etch process may be a two-

phase process (i.e., at least two phases) in which the 

etching solution is directed to the SOI structure (e.g., 

sprayed or otherwise directed from above the surface 32 of 

the structure onto the surface 32) while spinning the SOI 

structure.  In a first phase, the etching solution is 

directed to a center region 42 (bound by dashed line in 

Fig. 7) of the top surface 32 of the silicon-on-insulator 

structure 31 while spinning the silicon-on-insulator 

structure 31.  By spinning the structure 31, the etching 

solution fans out over the surface of the structure which 

allows it to etch and remove (i.e., strip) the oxide from 

the surface 32 of the structure 31.  In this regard, the 

terms “etch” and/or “strip” as used herein should not be 

considered in a limiting sense and any process in which an 

oxide is removed from the surface of a silicon-on-insulator 

structure 31 by a chemical process in which the structure
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is contacted with a solution may be used unless stated 

otherwise. 

[0053]    The center region 42 of the top surface 

31 of the silicon-on-insulator structure 31 may be 

relatively narrow (e.g., having a radius of less than 

0.25*R or less than 0.1*R) to ensure that the center 

regions of the structure are contacted with etching 

solution.  In some embodiments, the etching solution is 

directed to the center C of the silicon-on-insulator 

structure 31 during the first phase of the oxide removal. 

[0054]    After the first phase etch is complete, 

a second phase etch commences in which etching solution is 

directed to an edge region 45 of the top surface 32 of the 

silicon-on-insulator structure 31 while spinning the 

silicon-on-insulator structure 31.  The edge region 45 is 

disposed radially outward from the center region 42.  The 

edge region 45 (shown by the second dashed line) extends 

from a distance from the center C of the structure 31 to 

its circumferential edge E.  For example, the edge region 

may start at a distance 0.66*R from the center C of the 

silicon-on-insulator structure 31 and extend to the 

circumferential edge E of the silicon-on-insulator 

structure 31.  In other embodiments, the edge region begins 

at a distance 0.80*R or even 0.85*R from the center C of 

the silicon-on-insulator structure 31 and extends to the 

circumferential edge E of the silicon-on-insulator 

structure 31.  The point at which acid is dispensed on the 

top surface of the SOI structure may be changed (i.e., 

transition from the first phase to the second phase) by 

radially repositioning the boom through which acid is 

dispensed. 
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or 6:1 or less.  Optionally, the etching solution may 

contain other additives such as various surfactants, 

buffers (e.g., ammonium fluoride), other oxidizing acids 

(e.g., HCl), and/or other oxidizing compounds (H2O2, ozone, 

etc.). 

[0058]    In some embodiments, the flow rate of 

the etching solution while distributing the etching solution 

to the center region and/or to the edge region is reduced 

relative to conventional oxide spin-etch processes.  In some 

embodiments, the flow rate of etching solution (e.g., 

solution having HF and acetic acid) is about 600 ml/min or 

less or about 500 ml/min or less (e.g., about 100 ml/min to 

about 600 ml/min or about 100 ml/min to about 400 ml/min).  

In this regard, in embodiments in which the flow rate 

changes during the etching process, the flow rates described 

above may be time-averaged flow rates that are averaged 

while the etching solution is contacted with the SOI 

structure (e.g., and excludes rinsing steps).  

[0059]    Suitable apparatus for spinning the SOI 

structure includes, for example, the NexGen MG Series 

Single Wafer Wet Etch Platform sold by Entrepix (Phoenix, 

AZ).  Other suitable apparatus may also be obtained from 

ACM Research (Fremont, California), AP&S International GmbH 

(Donaueschingen, Germany), Decker Anlagenbau GmbH 

(Berching, Germany), KED Tech (Olive Branch, Mississippi), 

LAM Research (Fremont, California), PicoTrack USA (Santa 

Clara, California), Screen Semiconductor Solutions (Kyoto, 

Japan), Tazmo Co., Ltd. (Fremont, California), and Veeco 

(Plainview, New York). The etching process may be performed 

under conditions that are sufficient to remove the oxide 

from the top surface of the SOI structure without promoting



30 
 

CLAIMS: 

1. A method for removing an oxide film from a 

silicon-on-insulator structure comprising: 

providing a silicon-on-insulator structure having 

a handle structure, a silicon top layer and a dielectric 

layer disposed between the handle structure and the silicon 

layer, the silicon-on-insulator structure having an oxide 

film on a top surface of the silicon-on-insulator 

structure, the silicon-on-insulator structure having a 

radius R that extends from a center to a circumferential 

edge of the silicon-on-insulator structure; 

directing an etching solution to a center region 

of the top surface of the silicon-on-insulator structure 

while spinning the silicon-on-insulator structure; and 

directing an etching solution to an edge region 

of the top surface of the silicon-on-insulator structure 

while spinning the silicon-on-insulator structure, the edge 

region being disposed radially outward from the center 

region. 

2. The method as set forth in claim 1 wherein 

the center region extends from the center of the silicon-

on-insulator structure to 0.1*R. 

3. The method as set forth in claim 1 wherein 

directing an etching solution to a center region of the top 

surface of the silicon-on-insulator structure comprises 

directing the etching solution to the center of the 

silicon-on-insulator structure. 

4. The method as set forth in any one of claims 

1 to 3 wherein the edge region begins at a distance 0.66*R 

from the center of the silicon-on-insulator structure and 
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extends to the circumferential edge of the silicon-on-

insulator structure. 

5. The method as set forth in any one of claims 

1 to 3 wherein the edge region begins at a distance 0.80*R 

from the center of the silicon-on-insulator structure and 

extends to the circumferential edge of the silicon-on-

insulator structure. 

6. The method as set forth in any one of claims 

1 to 3 wherein the edge region begins at a distance 0.85*R 

from the center of the silicon-on-insulator structure and 

extends to the circumferential edge of the silicon-on-

insulator structure. 

7. The method as set forth in any one of claims 

1 to 6 the etching solution comprises hydrofluoric acid and 

acetic acid, wherein the ratio of hydrogen fluoric acid 

(based on 49% basis) to acetic acid (glacial) in the 

etching solution is less than 1:1, less than 3:2, less than 

2:1, less than 3:1 or 6:1 or less.  

8. The method as set forth in any one of claims 

1 to 7 wherein the flow of etching solution is stopped 

while the etching solution is being redirected from the 

center region to the edge region. 

9. The method as set forth in any one of claims 

1 to 8 wherein the etching solution is directed to the 

center region of the top surface of the silicon-on-

insulator structure at a rate of 600 ml/min or less. 

10. The method as set forth in any one of claims 

1 to 8 wherein the etching solution is directed to the edge 

region of the top surface of the silicon-on-insulator 

structure at a rate of 600 ml/min or less. 
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11. The method as set forth in claim 10 wherein 

the etching solution comprises hydrofluoric acid and acetic 

acid, wherein the ratio of hydrogen fluoric acid (based on 

49% basis) to acetic acid (glacial) in the etching solution 

is less than 1:1, less than 3:2, less than 2:1, less than 

3:1 or 6:1 or less.  

12. The method as set forth in any one of claims 

1 to 8 wherein the etching solution is directed to the 

center region of the top surface of the silicon-on-

insulator structure at a rate of 600 ml/min or less and the 

etching solution is directed to the edge region of the top 

surface of the silicon-on-insulator structure at a rate of 

600 ml/min or less. 

13. The method as set forth in any one of claims 

1 to 12 wherein the etching solution is directed to the 

center region of the top surface of the silicon-on-

insulator structure for 0.5 to 10 seconds. 

14. The method as set forth in any one of claims 

1 to 12 wherein the etching solution is directed to the 

edge region of the top surface of the silicon-on-insulator 

structure for 10 seconds to 20 minutes. 

15. The method as set forth in any one of claims 

1 to 14 wherein the etching solution directed to the center 

region has the same concentration as the etching solution 

directed to the edge region.  

16. The method as set forth in any one of claims 

1 to 14 wherein the etching solution directed to the center 

region has a different concentration that the etching 

solution directed to the edge region.  
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17. The method as set forth in any one of claims 

1 to 16 wherein the etching solution directed to the center 

region and the etching solution directed to the edge region 

each comprising hydrogen fluoride and acetic acid.  

18. The method as set forth in any one of claims 

1 to 17 comprising moving a boom through which the etching 

solution is discharged to redirecting etching solution from 

the center region to the edge region.  

19. A method for preparing a silicon-on-

insulator structure comprising a silicon top layer, a 

handle structure and dielectric layer disposed between the 

silicon top layer and handle structure, method comprising: 

implanting ions into a donor structure to form a 

cleave plane in the donor structure; 

providing a handle structure;  

forming a dielectric layer on at least one of the 

donor structure and handle structure prior to bonding; 

bonding the donor structure to the handle 

structure to form a bonded wafer structure comprising the 

donor structure, handle structure and a dielectric layer 

disposed between the handle structure and the donor 

structure;  

cleaving the bonded wafer structure at the cleave 

plane such that a portion of the donor structure remains 

bonded to the handle structure as a silicon top layer, the 

cleave forming a silicon-on-insulator structure comprising 

the handle structure, silicon top layer and dielectric 

layer disposed between the handle structure and silicon top 

layer; 
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annealing the silicon-on-insulator structure, an 

oxide forming on at least a top surface of the silicon-on-

insulator structure during the anneal; 

contacting a center region of the top surface of 

the silicon-on-insulator structure with an etching solution 

while spinning the silicon-on-insulator structure; and 

contacting an edge region of the top surface of 

the silicon-on-insulator structure with the etching 

solution while spinning the silicon-on-insulator structure; 

and 

depositing an epitaxial silicon layer on the 

silicon top layer after contacting the center region and 

the edge region of the top surface of the silicon-on-

insulator structure. 

20. The method as set forth in claim 19 

comprising forming a dielectric layer on the handle 

structure prior to bonding. 

21. The method as set forth in claim 19 or claim 

20 wherein the center region extends from the center of the 

silicon-on-insulator structure to 0.1*R. 

22. The method as set forth in claim 19 or claim 

20 wherein directing an etching solution to a center region 

of the top surface of the silicon-on-insulator structure 

comprises directing the etching solution to the center of 

the silicon-on-insulator structure. 

23. The method as set forth in any one of claims 

19 to 22 wherein the edge region begins at a distance 

0.66*R from the center of the silicon-on-insulator 

structure and extends to the circumferential edge of the 

silicon-on-insulator structure. 
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24. The method as set forth in any one of claims 

19 to 22 wherein the edge region begins at a distance 

0.80*R from the center of the silicon-on-insulator 

structure and extends to the circumferential edge of the 

silicon-on-insulator structure. 

25. The method as set forth in any one of claims 

19 to 22 wherein the edge region begins at a distance 

0.85*R from the center of the silicon-on-insulator 

structure and extends to the circumferential edge of the 

silicon-on-insulator structure. 

26. The method as set forth in any one of claims 

19 to 25 the etching solution comprises hydrofluoric acid 

and acetic acid, wherein the ratio of hydrogen fluoric acid 

(based on 49% basis) to acetic acid (glacial) in the 

etching solution is less than 1:1, less than 3:2, less than 

2:1, less than 3:1 or 6:1 or less.  

27. The method as set forth in any one of claims 

19 to 26 wherein the flow of etching solution is stopped 

while the etching solution is being redirected from the 

center region to the edge region. 


