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A METHOD FOR PHOTOLITHOGRAPHY-FREE 
SELF-ALIGNED REVERSE ACTIVE ETCH 

TECHNICAL FIELD 

The present disclosure relates to fabrication of semiconductor integrated circuits, and 

5 	more particularly, to a method of fabricating semiconductor integrated circuits using 

photolithography-free self-aligned reverse active etch. 

BACKGROUND 

There are inherent problems in trying to align a reverse active etch photomask to the 

already patterned active shallow trench isolation (STI). 	Because of small variations and 

10 	errors in the lithographic process, there is a built-in overlap. 	In addition to the lithographic 

margin, the typical high density plasma (HDP) oxide fill at this process step is sloped due to 

the nature of the HDP oxide process. This slope forces a certain amount of overlap to prevent 

printing the photo-resist on the angled portion of the HDP fill. 

SUMMARY 

15 Therefore, what is needed is an improved way to perform accurate reverse-active etch 

patterning without the use of photolithography. 

According to an aspect, there is provided a method for photolithography-free self- 

aligned reverse active etch of a semiconductor wafer, said method comprising the steps of: 

depositing a pad oxide on a silicon substrate of a semiconductor wafer; depositing an active 

20 	silicon nitride on the pad oxide; forming shallow trench isolation (STI) wells in the silicon 

substrate; forming an oxidization liner in the STI wells, wherein the oxidization liner is only 

formed where the silicon substrate is exposed; depositing an oxide over the silicon nitride and 

the STI wells; depositing a partially planarized organosilicate (DUO) layer over the oxide; 

performing a dry plasma etch to remove the partially planarized organosilicate layer from the 

25 	oxide by first non-selective etching thereby removing some of the partially planarized 

organosilicate layer and some of the oxide and then selectively etching the oxide thereby only 

removing the oxide, wherein the oxide above the silicon nitride is removed to a predefined 

thickness; performing a chemical-mechanical polish (CMP) to remove all of the oxide 

covering the active silicon nitride; and removing the active silicon nitride, wherein portions 

30 	of the silicon substrate are exposed between the remaining oxide and ready for the step of 

active transistor element doping in the silicon substrate. 
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According to an embodiment of the method, the pad oxide may be silicon oxide. According 

to a further embodiment of the method, the step of forming STI wells may comprise the step 

of etching the silicon substrate to form the STI wells. According to a 
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further embodiment of the method, the oxidization liner may be silicon oxide. According to a 

further embodiment of the method, the step of depositing an oxide over the oxidation liner 

may comprise the step of depositing a high density plasma (HDP) oxide over the oxidation 

liner. According to a further embodiment of the method, the step of depositing the DUO 

5 layer over the oxide may comprise the step of spin-coating the DUO layer onto the oxide. 

According to a further embodiment of the method, the step of removing the DUO layer from 

the oxide may comprise the steps of doing a tuned etch to open the DUO layer, and etching a 

short selective etch to the DUO layer, wherein the semiconductor wafer may be etched in an 

oxide etcher. According to a further embodiment of the method, the step of removing the 

10 DUO layer from the oxide may comprise the steps of multiple dry plasma etching. 

According to a further embodiment of the method, the steps of multiple dry plasma etching 

may comprise the steps of etching non-selective to oxide and etching partial to oxide. 

According to a further embodiment of the method, the step of etching non-selective to oxide 

may use gases selected from the group consisting of CF4, 02, and Ar. According to a further 

15 embodiment of the method, the step of etching partial to oxide may use gases selected from 

the group consisting of C5F8, 02, N2, and Ar. 	According to a further embodiment of the 

method, the step of removing the DUO layer from the oxide may be performed until the step 

of perfoiiiiing the dry plasma etch may be completed. 

There is also disclosed a semiconductor integrated circuit prepared by a process 

20 comprising the steps of: depositing a pad oxide on a silicon substrate of a semiconductor 

wafer; depositing an active silicon nitride on the pad oxide; forming shallow trench isolation 

(STI) wells in the silicon substrate; forming an oxidization liner in the STI wells, wherein the 

oxidization liner is only formed where the silicon substrate is exposed; depositing an oxide 

over the silicon nitride and the STI wells; depositing a partially planarized organosilicate 

25 (DUO) layer over the oxide; performing a dry plasma etch to remove the DUO layer from the 

oxide; performing a chemical-mechanical polish (CMP) to remove all of the oxide covering 

the active silicon nitride; and removing the active silicon nitride, wherein portions of the 

silicon substrate are exposed between the remaining oxide and ready for the step of active 

transistor element doping in the silicon substrate. 

30 According to an embodiment of the process, the step of depositing an oxide over the 

oxidation liner may comprise the step of depositing a high density plasma (HDP) 
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oxide over the oxidation liner. According to a further embodiment of the process, the step of 
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removing the DUO layer from the oxide may comprise the steps of doing a tuned etch to 

open the DUO layer, and etching a short selective etch to the DUO layer, wherein the 

semiconductor wafer may be etched in an oxide etcher. According to a further embodiment 

of the process, the step of removing the DUO layer from the oxide may comprise the steps of 

5 multiple-step dry plasma etching. 	According to a further embodiment of the process, the 

steps of multiple-step dry plasma etching may comprise the steps of etching non-selective to 

oxide and etching partial to oxide. According to a further embodiment of the process, the 

step of etching non-selective to oxide may use gases selected from the group consisting of 

CF4, 02, and Ar. 	According to a further embodiment of the process, the step of etching 

10 partial to oxide may use gases selected from the group consisting of C5F8, 02, N2, and Ar. 

There is disclosed a semiconductor wafer having a surface treated in accordance with 

the steps of: depositing a pad oxide on a silicon substrate of a semiconductor wafer; 

depositing an active silicon nitride on the pad oxide; forming shallow trench isolation (STI) 

wells in the silicon substrate; forming an oxidization liner in the STI wells, wherein the 

15 oxidization liner is only formed where the silicon substrate is exposed; depositing an oxide 

over the silicon nitride and the STI wells; depositing a partially planarized organosilicate 

(DUO) layer over the oxide; performing a dry plasma etch to remove the DUO layer from the 

oxide; performing a chemical-mechanical polish (CMP) to remove all of the oxide covering 

the active silicon nitride; and removing the active silicon nitride, wherein portions of the 

20 silicon substrate are exposed between the remaining oxide and ready for the step of active 

transistor element doping in the silicon substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present disclosure may be acquired by 

referring to the following description taken in conjunction with the accompanying drawings 

25 wherein: 

Figure 1 illustrates a schematic flow diagram of prior art process fabrication steps 

used to foun field oxides and expose a silicon substrate for further processing of active 

transistor 	element 	doping 	in 	the 	silicon 	substrate; 
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Figure 2 illustrates a schematic flow diagram of process fabrication steps used to form 
field oxides and expose a silicon substrate for further processing of active transistor element 
doping in the silicon substrate, according to a specific example embodiment; 
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Figure 3 illustrates a schematic elevational cross-section of a silicon wafer having a 

thin layer of oxide and a layer of silicon nitride deposited thereon, according to the teachings 

of this disclosure; 

Figure 3A illustrates a schematic elevational cross-section of a silicon wafer after the 

5 step of shallow trench isolation (STI) etch of the silicon wafer shown in Figure 3; 

Figure 3B illustrates a schematic elevational cross-section of a silicon wafer after 

performing the process steps of shallow trench isolation (STI) etch, liner oxidation and high-

density plasma (HDP) deposition of the silicon wafer shown in Figures 3 and 3 A; 

Figure 4 illustrates a schematic elevational cross-section of the silicon wafer after 

10 performing the process step of spin-coating a layer of partially planarized organosilicate 

(DUO) onto the silicon wafer shown in Figure 3, according to a specific example 

embodiment of this disclosure; 

Figure 5 illustrates a schematic elevational cross-section of the silicon wafer after 

performing the process step of etching the DUO on the silicon wafer shown in Figure 4, 

15 according to a specific example embodiment of this disclosure; 

Figure 6 illustrates a schematic elevational cross-section of the silicon wafer after 

performing the process step of removing the DUO on the silicon wafer shown in Figure 5, 

according to a specific example embodiment of this disclosure; 

Figure 7 illustrates a schematic elevational cross-section of the silicon wafer after 

20 performing the process step of shallow trench isolation (STI) chemical mechanical polishing 

(CMP), according to a specific example embodiment of this disclosure; and 

Figure 8 illustrates a schematic elevational cross-section of the silicon wafer after 

performing the process step of removing the silicon nitride to expose portions of the silicon 

substrate, according to a specific example embodiment of this disclosure. 

25 While the present disclosure is susceptible to various modifications and alternative 

forms, specific example embodiments thereof have been shown in the drawings and are 

herein described in detail. It should be understood, however, that the description herein of 

specific example embodiments is not intended to limit the disclosure to the particular forms 

disclosed herein, but on the contrary, this disclosure is to cover all modifications and 

30 equivalents as defined by the appended claims. 
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PET ATT-FT) DESCRIPTION 

According to embodiments of this disclosure, no lithography is required to perform 

the reverse-active level patterning. Instead a layer of partially planarized organosilicate 

(DUO) is spin-coated onto the wafers after the shallow trench isolation (STI) fill. Then the 

5 DUO layer is etched using a specialized process specifically tuned to etch the DUO and high 

density plasma (HDP) oxide at a certain selectivity. The higher areas of the wafer 

topography (active Si areas) have thinner DUO and as the etch process proceeds it starts to 

etch through the HDP oxide in these areas (active Si areas). The etch process is stopped after 

a certain depth is achieved. These areas (active Si areas) are the same areas that would have 

10 been opened by Reverse Mask photolithography and subsequently etched (see Fig. 1, step 

110). The material properties of DUO allow front-end-of-line (FEOL) application of the 

aforementioned process, according to a specific example embodiment of this disclosure. It is 

contemplated and within the scope of this disclosure that other materials may be used in place 

of DUO if similar control of etch selectivity is attainable. 

15 Referring now to the drawings, the details of a specific example embodiment is 

schematically illustrated. Like elements in the drawings will be represented by like numbers, 

and similar elements will be represented by like numbers with a different lower case letter 

suffix. 

Referring to Figure 1, depicted is a schematic flow diagram of prior art process 

20 fabrication steps used to form field oxides and expose a silicon substrate for further 

processing of active transistor element doping in the silicon substrate. A prior art front-end-

of-line (FEOL) process fabrication to produce a silicon wafer with shallow trench isolation 

(STI) field oxide (FOX) wells and ready for active transistor element doping in the silicon 

substrate, may comprise the following steps. In step 102, after a silicon wafer 320 has a thin 

25 layer of oxide 321 and a layer of silicon nitride 322 deposited thereon, the surface of the 

silicon wafer is patterned and etched to produce shallow trench isolation (STI) wells. In step 

104 the surface of a silicon wafer and the STI wells are oxidized to produce a liner thereon. 

In step 106 a high density plasma (HDP) oxide is deposed on the oxidized liner. In step 108 a 

reverse active mask is performed. In step 110 a reverse active etch is performed. In step 112 

30 a reverse active ash (O2) is performed. In step 114 a reverse acid strip on the silicon wafer is 

performed. In step 116 a shallow trench isolation (STI) chemical mechanical polish (CMP) is 

performed on the surface of the silicon wafer. In step 118a top oxide etch is performed. In 
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step 120 a nitride strip of the silicon wafer is preformed, leaving field oxides in the STI wells 

and exposed portions of the silicon wafer ready for the step of active transistor element 

doping in the silicon wafer substrate. 

Referring to Figure 2, depicted is a schematic flow diagram of process fabrication 

5 steps used to form field oxides and expose a silicon substrate for further processing of active 

transistor element doping in the silicon substrate, according to a specific example 

embodiment. According to a specific example embodiment of this disclosure, a new, novel 

and non-obvious front-end-of-line (FEOL) process fabrication to produce a silicon wafer with 

shallow trench isolation (STI) field oxide (FOX) wells and ready for active transistor element 

10 doping in the silicon substrate, may comprise the following steps. Steps 102, 104 and 106 are 

substantially the same as described in Figure 1 above. Also refer to Figures 3-8 showing 

element numbers referenced hereinafter. Unique to this invention, the photolithography step 

for a reverse mask is eliminated; instead, step 208 is performed, by coating a partially 

planarizing organosilicate (DUO) 426 that is deposited onto the high density plasma (HDP) 

15 oxide 324. In step 210 the DUO 426 may be etched with, for example is but is not limited to, 

a multiple step dry-plasma etch using common process gases, e.g., CF4, C4F6, CsFx, C4F8, O2, 

N2, Ar, etc. The first sub-step 210a may be non-selective-to-oxide (CF4, O2, Ar) and the 

second sub-step 210b may be partial-to-oxide (CsFx, O2, N2, Ar). Then in steps 212 and 214 

the DUO 426 is striped off of all remaining areas silicon nitride using, for example but is not 

20 limited to, an oxidizing ash (O2) and an HF strip, respectively. The profile of the remaining 

HDP 324 after etch and DUO removal is similar to the conventional reverse-mask process. 

The wafer may then go through CMP, TOP OXIDE ETCH, and NITRIDE STRIP just like 

what is done in other present technology semiconductor integrated circuit fabrication 

processes. 

25 Referring to Figure 3, depicted is a schematic elevational cross-section of a silicon 

wafer 320 having a thin layer of oxide 321 and a layer of silicon nitride 322 deposited 

thereon, according to the teachings of this disclosure. Referring to Figure 3A, depicted is a 

schematic elevational cross-section of the silicon wafer 320 after the step of shallow trench 

isolation (STI) etch 323. 

30 Referring to Figure 3B, depicted is a schematic elevational cross-section of a silicon 

wafer after performing the process steps of shallow trench isolation (STI) etch, liner 
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oxidation and high-density plasma (HDP) deposition of the silicon wafer shown in Figures 3 

and 3A. After the STI etch 323 is finished (Figure 3A) a layer of HDP oxide 324 may be 

deposited onto the silicon substrate 320 and the silicon nitride 322. A liner oxidation is 

performed, oxidizing the portion of the silicon substrate 320 that was exposed by the STI 

5 etch 323. One having ordinary skill in integrated circuit fabrication and the benefit of this 

disclosure would understand what other oxidation materials may be used. Other oxides 

besides HDP oxide may be used and are contemplated herein so long as those oxides have 

good fill characteristics. Even Spin-On-Glass may be used, for example. The STI etch 

profile and the HDP oxide 324 deposition leave the top of the silicon wafer with an irregular 

10 topography. 

Referring to Figure 4, depicted is a schematic elevational cross-section of the silicon 

wafer after performing the process step of spin-coating a layer of partially planarized 

organosilicate (DUO) onto the silicon wafer shown in Figure 3, according to a specific 

example embodiment of this disclosure. In place of printing a photolithographic mask on the 

15 wafer to expose a reverse active opening, a layer of DUO 426 may be spin-coated onto the 

HDP oxide 324 which provides a somewhat planarizing effect thereto. More importantly, the 

layer of DUO 426 may be selective or non-selective to the silicon oxide based upon etch 

process gases mix. A preferable characteristic is that the DUO etch rate may be tuned to be 

selective or non-selective to the oxide that is being etched. That allows the ability to 

20 planarise the oxide stack using only etching (no mask). 

Referring to Figure 5, depicted is a schematic elevational cross-section of the silicon 

wafer after performing the process step of etching the DUO on the silicon wafer shown in 

Figure 4, according to a specific example embodiment of this disclosure. The silicon wafer 

may be etched in an oxide etcher, first with a plasma etch that non-selectively etches the 

25 DUO 426, using a mixture of CF4, O2 and Ar. A second step may then selectively etch the 

HDP Oxide 324 over the DUO 426 using gases such as C4F6, CsFx, C4F8, O2, N2, and/or Ar. 

The etching process stops when a certain depth is reached before coming into contact with 

the silicon nitride 322. This first etch helps to clear the DUO 426 from active areas (above 

silicon nitride) and level the stack more. The second etch then attempts to etch the HDP over 

30 active areas to an approximate thickness, optimum for CMP. 
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Figure 6 illustrates a schematic elevational cross-section of the silicon wafer after 

performing the process step of removing the DUO on the silicon wafer shown in Figure 5, 

according to a specific example embodiment of this disclosure. The DUO 426 may be 

removed by a dry O2 ash and an HF clean. 

Referring to Figure 7, depicted is a schematic elevational cross-section of the silicon 

wafer after performing the process step of shallow trench isolation (STI) chemical 

mechanical polishing (CMP), according to a specific example embodiment of this disclosure. 

The STI CMP is a standard semiconductor integrated circuit process well known to one 

having ordinary skill in semiconductor integrated circuit manufacturing. In this step the HDP 

oxide 324 is substantially planarized and removed from the layer of silicon nitride 322. 

Referring to Figure 8, depicted is a schematic elevational cross-section of the silicon 

wafer after performing the process step of removing the silicon nitride to expose portions of 

the silicon substrate, according to a specific example embodiment of this disclosure. The 

silicon nitride 322 may be removed by using a hot phosphoric acid bath, leaving the silicon 

substrate 320 exposed between field oxides (FOX) 624, ready for the step of active transistor 

element doping in the silicon substrate. 

It is contemplated and within the scope of this disclosure that the aforementioned 

integrated circuit fabrication process could be used in other fabrication steps such as oxide 

CMP. It may not be economical as this process would add cost at the other steps. The liner 

oxidation is not silicon nitride; it is made of thermally-grown silicon dioxide. Any oxide 

deposition or fill may be used provided it meets the filling requirement for the given STI 

process. DUO is fairly unique because it was designed for fill and with the ability to change 

selectivity with different plasma etch processes. Bottom anti-reflective-coating BARC has 

been used in place of DUO for some processing, and it might be applicable in the present 

process application disclosed herein. 
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While embodiments of this disclosure have been depicted, described, and are defined 

by reference to example embodiments of the disclosure, such references do not imply a 

limitation on the disclosure, and no such limitation is to be inferred. The subject matter 

disclosed is capable of considerable modification, alteration, and equivalents in form and 

5 function, as will occur to those ordinarily skilled in the pertinent art and having the benefit of 

this disclosure. The depicted and described embodiments of this disclosure are examples 

only, and are not exhaustive of the scope of the disclosure. 
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CLAIMS 

1. A method for photolithography-free self-aligned reverse active etch of a 

semiconductor wafer, said method comprising the steps of: 

5 depositing a pad oxide on a silicon substrate of a semiconductor wafer; 

depositing an active silicon nitride on the pad oxide; 

forming shallow trench isolation (STI) wells in the silicon substrate; 

forming an oxidization liner in the STI wells, wherein the oxidization liner is 

only formed where the silicon substrate is exposed; 

10 depositing an oxide over the silicon nitride and the STI wells; 

depositing a partially planarized organosilicate layer over the oxide; 

performing a dry plasma etch to remove the partially planarized organosilicate 

layer from the oxide by first non-selective etching thereby removing some of the 

partially planarized organosilicate layer and some of the oxide and then selectively 

15 etching the oxide thereby only removing the oxide, wherein the oxide above the 

silicon nitride is removed to a predefined thickness; 

performing a chemical-mechanical polish (CMP) to remove all of the oxide 

covering the active silicon nitride; and 

removing the active silicon nitride, wherein portions of the silicon substrate 

20 are exposed between the remaining oxide and ready for the step of active transistor 

element doping in the silicon substrate. 

2. The method according to claim 1, wherein the pad oxide is silicon oxide. 

3. The method according to claim 1 or 2, wherein the step of forming STI wells 

comprises the step of etching the silicon substrate to form the STI wells. 

25 4. The method according to any one of the preceding claims, wherein the 

oxidization liner is silicon oxide. 

5. The method according to any one of the preceding claims, wherein the step of 

depositing an oxide over the oxidation liner comprises the step of depositing a high density 

plasma (HDP) oxide over the oxidation liner. 
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6. The method according to any one of the preceding claims, wherein the step of 

depositing the partially planarized organosilicate layer over the oxide comprises the step of 

spin-coating the partially planarized organosilicate layer onto the oxide. 

7. The method according to claim 1, wherein the step of depositing the partially 

5 	planarized organosilicate layer over the oxide comprises the step of spin-coating the partially 

planarized organosilicate layer onto the oxide, and 

wherein the step of spin-coating the partially planarized organosilicate layer onto the 

oxide comprises even spin-on-glass. 
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8. The method according to claim 5, wherein the step of performing the dry 

plasma etch comprises the steps of doing a tuned etch to open the partially planarized 

organosilicate layer above the silicon nitride, and doing a short selective etch to remove only 

the HDP oxide layer, wherein the semiconductor wafer is etched in an oxide etcher. 

5 9. The method according to any one of the preceding claims, wherein the step of 

non-selective etching uses gases selected from the group consisting of CF4, 02, and Ar. 

10. The method according to any one of the preceding claims, wherein the step of 

selectively etching partial to oxide uses gases selected from the group consisting of CsF8, 02, 

N2, and Ar. 

10 11. The method according to one of the preceding claims, wherein after 

performing the dry plasma etch and before performing the CMP, remaining partially 

planarized organosilicate is stripped off. 

12. The method according to claim 11, comprising the step of performing an 

oxidizing ash to strip off the remaining partially planarized organosilicate. 

15 13. The method according to claim 11, comprising the step of performing an HF 

strip to strip off the remaining partially planarized organosilicate. 


