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" DISCLOSURE OF INVENTION

A method of forming uniform oxide layers by reducing descum induced defects is disclosed. The
30 method comprises reactive ion etching (RIE) a semiconductor substrate, which includes a wafer, an ox:dc
layer on the wafer and a developed photoresist mask on the oxide layer. After reactive ion etching the

substrate, the oxide layer is etched.

Other features and advantages of the present invention will be apparent from the detailed description
of the invention.

35 BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is a photograph of the unwanted dark spots or defects on a wafer substrate after descum;
FIG. 2 is a partial cross-sectional view of an oxide layer formed on a wafer substrate;

FIG. 3 is a partial cross-sectional view of the substrate after the formation of a photoresist layer on
the oxide layer:
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After the reactive ion etching has been completed, the exposed portion of oxide layer 10 is etched or
stnppcd away as illustrated in FIG. 5

- The oxide layer may be ctched by conventional dry and wet methods

that are well known in the art for etching oxide layers. Dry ctch methods that can be used to etch the exposed

portion of the oxide layer include plasma etching, jon milling ctching, and reactive ion etching. Wet etch

methods include using hydroﬂuoric acid. Preferably, a standard buffered oxide etch of hydrofluoric acid,

ammonium fluoride and water is used o etch the exposcd portion of the oxide layer.

After the exposed portion 10 of the oxide layer 2 is etched, the remaining photoresist 8 is stripped as

shown in FIG. 6. Both wet and dry methods that are well-known in the art of semiconductor fabrication can

be used to strip the remaining photoresist layer 8. Such methods include but are not limited to use of sulfuric

acid and oxidant solutions and conventional O, plasma stripping. A new oxide layer 14 is then grown on the

wafer substrate 4 as shown in FIG. 7 to produce two oxide layers having different thicknesses. The tunnel

oxide layer forms a thin oxide layer while the combination of the select gate oxide layer and lhc tunnel gate

oxide layer form a thicker oxide layer.

The process described above may be repeated 10 create additional oxide layers with various

thicknesses. For example, after growing the tunnel oxide layer 14, a floating gatel6 is formed over oxide

layers 2 and 14 as shown in FIG. 8. A photoresist layer 18 is then formed to overlie oxide layers 2 and 14 and

gate structure 16. As shown in FIG. 9, the photoresist layer 18 is exposed through a mask, and the exposed

4

]
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substrate. "?-Ik-hg Enat hod of claim1l erern reactive 1on etching is
carri e?fo"elff{ ‘fdffaé{PFW"Blvﬂén‘sf‘Pﬁ”"ﬁet ween 3 to 25 seconds. 13. A nethod of
-maki ng an el ectronic device, conprising: fabricating a sem conductor
structure by the nethod of claim1l; and form ng an el ectronic device
conprising said sem conductor structure. 30 14. A nethod for formng a

sem conductor structure, conpri sing: 21 SEP 2004 Real acenent page



-8 2 0 SEP 2004 reactive ion etching a substrate at a power froni jo gg @%QW
toinitially renove remaining organic residue fromsaid substra ,S i €
substrate, conprising: (a) a wafer (4); (b) a first patterned oxide |ayer
-(2) on he wafer; 5 (c) a second oxide |ayer on the first J er; and
(d) a devel oped photoresi st mask on the second oxi de Iangwcgﬁgb@%esai d
reactive ion etching to renove organic residue from said ztdoggﬁa@p causes
descum i nduced defect formation on said substrate; reactiVe i éhi ng
said substrate to mtigate descuminduced defects on 10 said substrate;
etching the serII®xi de | ayer subsequent to reactive ion etching the
substrate; stripping the photoresist nask; and growing a third | ayer of
oxide on the substrate. 15 15. The nethod of claim 14, wherein the reactive
ion etching is carried out with an RF bias for between 3 to 25 seconds. 16.

A met hod of ki ng reQnc o eyl S0, fapricating a
sem conduct o;n?st r ué’?ﬁertg&ggﬁt e lg%tg %%rgﬁg?d%@;?ﬁqh%, %%Ié&%%‘?% ng an

el ectroni c devi ce manfivd Bnngjcliagc sbsiratendagoorer stonu s o 00W7inittllyetohod of
maki ng el ectroni c devi ce ¢ n%ri SAQJ%: fabricati ng a seni.conduct or
structure by THROVHOFERIY Tridue o spid syhsfrate; spidisHpsigte, GORPERS oNi ¢ devi ce
conprising sagf] segiyappquctor structure. 18. A nethod of formng a

sem conductor Structure p(’)npri sing: (a) providing a sem conductor ‘
substrate; (bib)groafirsgozideilayst (Jjanshowafte dndyer on the substrate; 30 (c)

depositing a lLayer of photoresist. over e first. gate,oxide l.ayer; (d)
exposi ng and kfgvel ) eﬁ‘goﬁ‘lgp%?%{eﬁlrsgg}agf t(zba%?a,lg ﬁr%lo%%‘?-’i(aé'ﬁb ?lﬁégﬁent
page . 20 SEPredBfive ion etching to remove organic residue from said substrate causes descum
10 induced defect formation on said Subs’crate;
reactive ion etching said substrate to mitigate descum induced defects on
said substrate; and

etching the oxide layer subsequent to reactive ion etching the substrate.

15 2. The method of claim 1, wherein the oxide layer is etched by plasma
etching, ion milling etching, or etching with hydrofluoric acid.

3. The method of claim 1, further comprising stripping the photoresist layer.

20 4. The method of claim 3, wherein the photoresist is stripped by plasma

prepared from a gas comprising O, or wet etching with sulphuric acid.

5. The method of claim 3, further comprising growing a second layer of oxide

on the substrate.

25
6. The method of claim 1, wherein the reactive ion etching is carried out with
an RF bias for between 3 and 25 seconds.
7. . A method of making a semiconductor device comprising:

30 forming a semiconductor structure by the method of claim 1; and

fabricating a semiconductor device from said semiconductor structure.



-9 (e) reactive ion etching the substrate with RF bias to renpve an

remai ni ng photoresi st residue, wherein said reactive ion etchi r'lgthPeﬁ%'l/e:
t he remai ni ng photoresi st residue fromsaid substrate causes descum i nduced
- defect formation on said substrate; 5 reactive ion etchiReplasamentodst r at e
to mtigate descuminduced defects on said substrate; (f) etching the first
gate oxide |ayer subsequent to (e) react :7ve i on etching t@e) SkPs100ate; (g)
stripping the renaining photoresist |ayer; 10 (h) growing a second gate

oxi de layer on the wafer substrate; (i) depositing a | ayer of photoresist
over the second gate oxide layer and the first gate oxide layer; (j)
exposi ng and devel opi ng the photoresist |ayer; (k) reactive ion etching the
substrate wi tB. RF Bhemethodoéohaim 7TawhertinSaideseniicondgetphddviveds & son-velsiikiue,
wherein said reactiye.ion etching to renove the renmai ni ng phot oresi st

resi due from S4PD6LDE at e causes descum i nduced defect formation on said
substrate; reactive ion etching said substrate to mtigate descum i nduced
defects on said substrate; 20 (1) etching the second gate oxi de subsequent
to (k) 6eacti9ei¢m&nﬂﬂwﬂoianMgambhbm@ﬁedeﬁmacsmphmpgng t he renmai ni ng

phot oresi st | ayer; .and n romﬁ a tunn yer _on .t he wafer
substrate. 25 19. f&%ﬂﬁ Wﬁﬁ?tﬂb‘seé’l%e hﬁ‘ﬁﬁ%‘g?még’r%‘éture conpri si ng:
providing a sem copgiielon JuthiRhicddSice c9fn?h§lﬁ §a19§&rﬁweﬁa&%‘orld@vleé over the
sem conductor substrate; formng a photo e5|§ | ayer over the gate oxide

| ayer; selectively exposing portlons of the photoresist |ayer using a mask;

30 renoving t port| s,of the oresist.la l.eaving a portion of the
gat e oxi de Iag(gr ﬂ%‘i&‘%‘ﬁ‘ﬁg B]Ite ‘E?éﬁ%ﬁ Vi é%‘nE’EES’%%P 2004 10 renoving
remainimpg resi due fabARAHNRS RHiINAGtOF ddvitk @Qh@nféﬂio@%f'c%ﬁ By utilising a
reactive ion etch, wherein said reactive ion etching to renpve the

remai ning residue forginganelepitoaicalavive comprising auid semrendusiaridedigeed def ect
formati on on the gate oxide layer; 5 reactive ion etching the gate oxide
| ayer to mtigate descuminduced defects on the gate oxide |ayer; etching

and removi ng the phri nethadf oft fabrigaing OsentlCodday®i deviesrvtding grawingng
portions of the hotoreS| st l.ayer; and form. ng a second oxide | ayer over
the substrat emaﬂa atyr%obeataeseaaw%iupmévbstrm degositinga Iayer of PROOAGEISAVEL ) -

15 the oxide layer, exposing and developing the photoresist layer, ashing he substrate
to remove any photoresist residue, ashing the substrate to remove any photoresist
residue, ashing the substrate to remove descum induced defects formed on the
oxide layer;

etching the oxide layer subsequent to ashing the substrate, stripping the

20 remaining photoresist and growing a new oxide layer, the improvement

comprising:

reactive ion etching the substrate instead of ashing the substrate.

12.  The method of claim 11, wherein the reactive ion etching is carried out

25 with an RF bias for between 3 to 25 seconds.

13. A method of making an electronic device, comprising:
fabricating a semiconductor structure by the method of claim 11; and

forming an electronic device comprising said semiconductor structure.
30

14. - A method for forming a semiconductor structure, comprising:
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O 15.  The method of claim 14, wherein the reactive ion etching is carried out

with an RF bias for between 3 to 25 seconds.

16. A method of making an electronic device, comprising:
20 fabricating a semiconductor structure by the method of claim 14; and

forming an electronic device comprising said semiconductor structure.

17. A method of making an electronic device comprising:
fabricating a semiconductor structure by the method of claim 1; and

25 forming an electronic device comprising said semiconductor structure.

18. A method of forming a semiconductor structure comprising:
(@  providing a semiconductor substrate;
(b) growing a first gate oxide layer on the substrate;
30 o (©) depositing a layer of photoresist over the first gate oxide layer;
(d)  exposing and developing the photoresist layer;
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exposing and developing the photoresist layer;
1) ing and developing the ph ist lay
(k) reactive ion etching the substrate with RF bias to remove any
15 remaining photoresist residue, wherein said reactive ion etching to
remove the remaining photoresist residue from said substrate causes
descum induced defect formation on said substrate;
reactive ion etching said substrate to mitigate descum induced
defects on said substrate;
20 ()] etching the second gate oxide subsequent to (k) reactive ion etching
' the substra_te;
(m) stripping the remaining photoresist layer; and

(n)  growing a tunnel oxide layer on the wafer substrate.

25 19. A method of forming a semiconductor structure comprising:
providing a semiconductor substrate;
forming a gate oxide layer over the semiconductor substrate;
forming a photoresist layer over the gate oxide layer;
selectively exposing portions of the photoresist layer using a mask;
30 - removing the portions of the photoresist layer leaving a portion of the gate

oxide layer;
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